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ABSTRACT 

 

Cognitive changes are a hallmark feature of Alzheimer’s disease (AD) and lifestyle behaviors 

have been associated with a reduced risk of disease onset and slower rate of cognitive decline. 

Research examining the relationship of lifestyle factors (LFs) to brain health has typically 

focused on individual factors in isolation (more physical activity (PA) and reduced risk of AD); 

however, few studies have examined the combined effects of multiple LFs on cognition. The 

current study aimed to 1) determine which LFs best predict cognition cross-sectionally; 2) derive 

and compare different approaches to developing a Health Score (HS) to help predict cognition; 

and 3) discern if a healthy lifestyle was associated with slower rate of cognitive decline.  
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This study included 467 older adults (Mage=83; No Cognitive Impairment=361, Mild Cognitive 

Impairment (MCI=94), Alzheimer’s dementia (AD=12)) enrolled in a longitudinal (Myears=3.72) 

aging study with yearly evaluations, including neuropsychological testing, clinical evaluation, 

and detailed assessment of lifestyle behaviors: diet, PA, sleep, social activities, stress, 

depression, alcohol, smoking, body mass index (BMI), and APOE genotyping. Cognitive z-

scores were derived for global cognition, verbal memory, processing speed, and working 

memory. HS based on a Scientific (i.e., data driven), Lifestyle/Health (i.e., only healthy lifestyle 

behaviors), Risk/Disease (i.e., only unhealthy behaviors), or Comprehensive (i.e., all 

healthy/unhealthy behaviors) approaches were calculated and categorized (Unfavorable, 

Minimally Favorable, Moderately Favorable, Favorable) based on quartiles. Rate of cognitive 

change was also calculated. 

 

Multiple linear regression analyses in the full sample revealed demographic and lifestyle (i.e., 

social activities, diet) factors consistently predicted cognition cross-sectionally. In the MCI/AD 

group, diet, PA and BMI were significant predictors with minimal demographic predictors. HS 

comparisons via Meng’s test revealed a Lifestyle/Health approach as the best predictor of 

cognition compared to the other approaches. In addition, individuals with HSs in the Favorable 

category had significantly slower rates of cognitive decline than individuals in other categories.  

 

Overall, LFs better predicted cognition than risk factors commonly used in clinical and research 

settings. Results from this study corroborate prior findings and encourage continued support and 

resources for lifestyle research and intervention programs to help prevent and slow cognitive 

decline and AD.   
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CHAPTER ONE: Introduction 

BACKGROUND  

 

Approximately one in ten American adults over the age of 65 are living with Alzheimer’s disease 

(AD; Alzheimer's Association, 2019). This equates to about 5.8 million current cases and 

between 500,000 and 900,000 new cases each year (Alzheimer's Association, 2019). AD is the 

sixth leading cause of death in the United States (Alzheimer's Association, 2019) and with over 

400 failed trials, including almost 100 failing during Phase III (equating to a 99.6% failure rate; 

Cummings, Morstorf, & Zhong, 2014; Mehta, Jackson, Paul, Shi, & Sabbagh, 2017), there is 

currently no effective treatment. Monotherapy pharmaceutical intervention has been the norm, 

but a recent literature review conveys the need to consider combination therapies that target 

multiple pathways of the heterogeneous disease (Cummings, Tong, & Ballard, 2019). 

 

The monotherapy medications (e.g., Aricept, Exelon, Namenda, and Razadyne) prescribed for 

Mild Cognitive Impairment (MCI) and AD are advertised to slow disease progression, but in 

2018, the American Academy of Neurology (AAN) recommended physicians explain the lack of 

evidence these drugs had for slowing cognitive decline before offering a prescription. Instead of 

prescribing cholinesterase inhibitors, the AAN advocated for treating behavioral and 

neuropsychiatric symptoms (Petersen et al., 2018).  

 

Since the pharmaceutical industry has failed to discover a cure for the disease, treatment efforts 

have shifted to multifactorial interventions targeting risk factors to prevent or delay cognitive 

decline. Increased risk of developing AD has been attributed to genetic (e.g., apolipoprotein E 
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allele ε4; APOE ε4), medical (e.g., diabetes, obesity, hypertension, hypercholesterolemia, 

cerebrovascular disease, sleep disordered breathing, head injury), psychological (e.g., depression, 

stress), demographic (e.g., older age, low education), and lifestyle (e.g., poor diet, smoking, 

alcohol abuse, lower social engagement, insufficient physical activity) factors (Cooper, 

Sommerlad, Lyketsos, & Livingston, 2015; Galvin, 2017; Hersi et al., 2017; Larsson et al., 2017; 

Pistollato et al., 2016; Rakesh, Szabo, Alexopoulos, & Zannas, 2017). Interestingly, up to 50% of 

dementia cases and 33% AD cases may be attributed to modifiable risk factors and thus 

potentially preventable (Ashby-Mitchell, Burns, Shaw, & Anstey, 2017; Baumgart et al., 2015; 

Norton, Matthews, Barnes, Yaffe, & Brayne, 2014). Healthy lifestyle behaviors such as 

nutritious diet, regular physical activity, restful sleep, positive social interactions, and intentional 

stress reduction have been shown to delay dementia onset. Postponing dementia onset by 12 

months would result in over 9 million fewer annual AD cases (Brookmeyer, Johnson, Ziegler-

Graham, & Arrighi, 2007). Thus, effective prevention strategies are a public health necessity of 

increasing interest (Rakesh et al., 2017), and there is a need for high-quality studies that examine 

the relationship between a combination of lifestyle factors and cognitive outcomes.  

 

Exploring the relationship of lifestyle factors and brain health has taken many forms. Several 

studies have examined correlations between healthy lifestyle factors and dementia course, 

specifically Alzheimer’s disease. Other studies report hazard or risk ratios of developing a 

neurodegenerative disorder while others report a specific change in cognition as measured by 

individual neuropsychological tests, specific cognitive domains, or a global cognition composite 

score. These studies have been performed cross-sectionally and longitudinally. Additionally, 

many systematic review papers, some with meta-analysis, have also been published in this area. 
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The following review will incorporate findings from studies using all of these various 

methodologies.  
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CHAPTER TWO: Review of the Literature 

 

RATIONALE FOR LIFESTYLE FACTORS 

 

Nonpharmacological interventions are important to delay and possibly prevent Alzheimer’s 

disease onset because a cure has yet to be discovered and the growing disease incidence rate 

poses a tremendous global financial and caregiving burden. However, nonpharmacological 

interventions are less financially lucrative compared to pharmacological treatments and thus 

given limited attention from the health care community, until recently. Interestingly, a significant 

percentage of AD cases have been attributed to modifiable causes, which are directly related to 

lifestyle. Unfortunately, changes in lifestyle behaviors are often overlooked or undervalued by 

treatment providers, but studies show that though initially skeptical, with education and training, 

treatment providers become supportive of lifestyle interventions for their patients (Mehl-

Madrona & Mainguy, 2017). Similarly, patients enjoy these types of interventions, especially 

when they are done in groups (Mehl-Madrona & Mainguy, 2017). 

 

Many lifestyle factors have been explored as they relate to Alzheimer’s disease, but few studies 

have looked at multiple factors in combination. Traditionally, research in this area has entered 

the discussion through a disease-model or risk factor approach. Many studies examine variables 

that makes outcomes worse while omitting variables that contribute to wellness and health. The 

focus of this project will be on health factors and specifically on the combined effects of diet, 

physical activity, sleep, social activities, and perceived stress. Most studies focus on one lifestyle 

factor and an aspect of brain health, but the goal of this project is to examine the combined effect 
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of multiple lifestyles factors on cognition and cognitive change over time. The below review 

discusses each lifestyle factor individually and concludes by presenting studies looking at 

multiple factors together. In each lifestyle section, studies will be presented related to overall 

health, incidence of dementia, biomarkers of dementia, and cognition. Limitations of the 

literature are provided at the end of each section.  

 

HEALTHY DIET  

Epidemiological and observational studies, as well as randomized controlled trials have shown a 

link between diet and cognitive dysfunction (Mosconi & McHugh, 2015). Possible mechanisms 

for nutritional interventions improving cognitive outcomes are insulin resistance, dyslipidemia, 

oxidative stress (Schelke et al., 2016) and inflammation (Tangney et al., 2014). Popular interest 

was initially focused on individual nutrients like omegas (Andrieu et al., 2017; Fonteh, 2018), 

fruits, and vegetables (X. Jiang et al., 2017), specifically leafy greens (Morris et al., 2018), but 

have since transitioned into overall dietary patterns (Berendsen et al., 2014; van de Rest, 

Berendsen, Haveman-Nies, & de Groot, 2015). Researchers have explored many different types 

of diets including the Dietary Approach to Stop Hypertension (DASH) (Tangney et al., 2014), 

Mediterranean diet (Davis, Bryan, Hodgson, & Murphy, 2015), Mediterranean-DASH 

Intervention for Neurological Delay (MIND; Morris et al., 2015), and Adkins/ketogenic diets 

(Brandt et al., 2019; Morrill & Gibas, 2019). Though there are nuances to each diet, each is 

whole-foods based and limit refined sugar and processed food (Table 1).  

 



 

 

6 

 

Types of diets 

The Mediterranean Diet 

The Mediterranean diet is arguably the most well-known dietary pattern for healthy living. The 

Mediterranean diet consists of minimally processed, seasonally fresh, and locally grown foods. It 

emphasizes plant foods (e.g. fruits, vegetables, unrefined bread and pasta, brown rice, beans, 

nuts, and seeds), and olive oil with low to moderate amounts of dairy and wine. Red meat and 

eggs are consumed infrequently and desserts typically consist of fresh fruits or are nut-based and 

made with olive oil (Serra-Majem, Roman, & Estruch, 2006). This eating pattern was modeled 

after the typical diets of residents in Mediterranean countries (e.g., Greece and southern Italy) 

during the early 1960s and is associated with high life expectancy and low rates of coronary 

artery disease, cancer, and a plethora of chronic diseases (Mastorakou, Rabaeus, Salen, Pounis, 

& de Lorgeril, 2019; Serra-Majem et al., 2006). It has also been shown to promote cognitive 

health, slow cognitive decline, and reduce the risk of mild cognitive impairment and Alzheimer’s 

disease (Scarmeas, Stern, et al., 2009; Scarmeas, Stern, Tang, Mayeux, & Luchsinger, 2006; 

Tangney et al., 2011). Despite extensive literature supporting the cognitive benefits of the 

Mediterranean diet, some studies have found contrasting results. Studies have reported adherence 

to the Mediterranean diet did not reduce risk of dementia (Feart et al., 2009), slow cognitive 

decline (Samieri, Okereke, E, & Grodstein, 2013) or protect against cognitive impairment 

(Cherbuin & Anstey, 2012), though the studies may have been underpowered (Cherbuin & 

Anstey, 2012; Feart et al., 2009), and some authors question the quality of the diet data (Samieri 

et al., 2013). Studies examining the benefit of the Mediterranean diet in mild cognitive 

impairment are also inconsistent (Lourida et al., 2013). To reconcile this discrepancy, some 

studies cite the benefit of the holistic “Mediterranean lifestyle” which includes social patterns 
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and physical activities, in addition to the dietary pattern, as important contributing factors that 

impact the slowing of cognitive decline (Yannakoulia, Kontogianni, & Scarmeas, 2015), though 

further investigation is needed to fully understand this concept.  

 

The DASH Diet 

The DASH diet was originally established as a Dietary Approach to Stop Hypertension; 

however, it has been applied to several maladies including cognitive problems and 

neurodegenerative diseases (Tangney et al., 2014) and used as a dietary component in 

multifaceted lifestyle interventions (Blumenthal et al., 2019; Blumenthal et al., 2017). The 

DASH diet is low in saturated fat, cholesterol, and total fat and emphasizes fruits, vegetables, 

and fat-free or low-fat milk and milk products. The DASH eating plan also includes whole grain 

products, fish, poultry, and nuts but is reduced in lean red meat, sweets, added sugars, and sugar-

containing beverages. It is rich in potassium, magnesium, and calcium, as well as protein and 

fiber, but low in sodium (Appel et al., 2006; Services, 2006). A food frequency questionnaire and 

a DASH diet adherence score are used in research. Higher adherence to the DASH diet has been 

shown to slow cognitive decline over time in non-demented older adults (Tangney et al., 2014). 

Specifically, for every one unit higher in DASH score, the rate of decline was 0.007 standardized 

units in community dwelling cognitively normal older adults who were followed for about four 

years (Tangney et al., 2014).  

The MIND Diet 

The Mediterranean diet and DASH diet gave way to the MIND diet (Mediterranean-DASH Diet 

Intervention for Neurodegenerative Delay), which has gained popularity for promoting brain 

health. The MIND diet was tailored to include specific foods found to be helpful for cognition 
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and excluded foods that were not beneficial (Morris et al., 2015). The MIND diet score was 

established from a food frequency questionnaire where participants got points for ten brain 

healthy foods groups (i.e., green leafy vegetables, other vegetables, nuts, berries, beans, whole 

grains, seafood, poultry, olive oil and wine) and five unhealthy food groups (i.e., red meats, 

butter and stick margarine, cheese, pastries and sweets, and fried/fast food). Using a proportions 

chart, a MIND diet adherence score was derived by summing across all 15 food groups (Morris 

et al., 2015). In a sample of cognitively normal and MCI older adults, participants in the highest 

tertile of MIND diet adherence scores had a substantially slower rate of global cognitive decline, 

as measured by an annual cognitive z-score consisting of nineteen neuropsychological tasks, than 

participants in the lowest tertile of adherence scores (Morris et al., 2015). The difference in rates 

was the equivalent of being 7.5 years younger in age. Also, higher diet adherence scores were 

associated with slower decline in episodic memory, semantic memory and perceptual speed 

(Morris et al., 2015).  

 

Ketogenic or Modified Atkins Diet 

Another diet often discussed in the context of health is the Ketogenic or Modified Atkins diet. 

Traditionally known for use in intractable epilepsy (Peterman, 1925), a ketogenic diet is high in 

fat and low in protein and carbohydrate in order to induce ketosis, a state in which the body 

metabolizes fat instead of glucose and produces ketone bodies (i.e., acetoacetic acid and 

betahydroxybutyric acid). When carbohydrates are eliminated and available glucose is low, the 

body changes to burn these ketone bodies instead of sugar. The Ketogenic diet is notorious for 

being strict and difficult to follow; thus, a modified Ketogenic or modified Atkins diet, which 

liberalizes the ratio of fats to carbohydrates, has been trialed and found to successfully reduce 
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seizure frequency in epilepsy (Cervenka, Patton, Eloyan, Henry, & Kossoff, 2016; Kossoff, 

Rowley, Sinha, & Vining, 2008). The Ketogenic diet has more recently been applied to 

Alzheimer’s disease because of the mechanistic similarities. It is well known that Alzheimer’s 

disease patients have impaired glucose uptake in their brains, and studies have shown that 

decreased glucose uptake is strongly correlated with severity of cognitive impairment (Mosconi 

et al., 2009). PET imaging studies suggest that brain metabolism of ketone bodies is unimpaired 

in AD patients even when glucose metabolism is extremely low (Castellano et al., 2015; Croteau 

et al., 2018). The few trials that have implemented Ketogenic diets in patients with MCI or AD 

have small sample sizes and soft methods. A case study report of a 71-year-old female with MCI, 

metabolic syndrome, APOE ε4 and a family history of AD showed improved Montreal Cognitive 

Assessment (MoCA) performance (21/30 to 28/30) after a 10-week modified Ketogenic nutrition 

intervention (Morrill & Gibas, 2019). A feasibility study with nine MCI/AD participants in the 

intervention arm found that if ketosis can be induced, there may be at least temporary 

improvement on a memory composite score (sum score of the delayed recall trials for the 

Hopkins Verbal Learning Test – Revised and the Brief Visuospatial Memory Test – Revised), 

but the authors noted extreme difficulty with adherence and non-significant differences in 

cognitive scores (Brandt et al., 2019).  

 

Other studies looking at exogenous ketone have shown promising results (for review see 

(Wlodarek, 2019)). Exogenous ketones are given as a supplement without changing the diet. 

Individuals (n=20) with MCI or AD given medium-chain-triglyceride (MCT) treatment showed 

improved cognitive performance compared to the placebo group on the Alzheimer’s Disease 

Assessment Scale-Cognitive Subscale (ADAS-Cog) for APOE ε4− participants, but not for ε4+ 
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subjects (Reger et al., 2004). Similar results have been found in other studies (Henderson et al., 

2009; Ota et al., 2019), with higher ketone values associated with greater improvement in 

cognitive tests with MCT treatment relative to the placebo across all participants (Reger et al., 

2004). More research is needed to better understand the long-term benefits of exogenous 

ketones.  

 

Healthy diets and incidence of cognitive disorders 

Due to the limited cognitive data available in some research paradigms, many studies examine 

diet as it relates to the incidence risk of dementia or other cognitive disorders (e.g., MCI).  

Various diets have been explored and differing results have emerged depending on the 

population and specifics of the diet. In a systematic review with meta-analysis, the 

Mediterranean diet adherence score was inversely associated with developing cognitive 

disorders, and in a dose-response analysis the researchers found a linear trend, suggesting the 

higher adherence to a Mediterranean diet, the lower the risk of cognitive disorder (Wu & Sun, 

2017). In contrast, in a population-based cohort study with over 8000 participants, midlife 

adherence to the Alternate Healthy Eating Index, a diet reflecting the national dietary guidelines, 

was not significantly associated with subsequent risk for dementia (Akbaraly et al., 2019). The 

authors questioned the methodological integrity of diet adherence assessment and the actual 

health of the national dietary guidelines. Despite these conflicting results using different diets, 

MIND diet adherence has shown promising results as it relates to neurodegeneration (Morris et 

al., 2015), and possibly better than the Mediterranean diet. Hoskinga and colleagues reported that 

MIND diet adherence, but not the Mediterranean diet, reduces the odds of cognitive decline 

(Hosking, Eramudugolla, Cherbuin, & Anstey, 2019).  
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Diet and biomarkers  

Biomarkers are often called upon to help detect disease presence and track progression, and there 

is an entire emerging field called nutritional cognitive neuroscience that uses neuroimaging to 

understand the impact of nutrition on brain function (Zamroziewicz & Barbey, 2016). AD 

biomarkers have been associated with adherence to the Mediterranean diet. In cognitively normal 

older adults, stronger adherence to the Mediterranean diet was associated with less AD 

biomarkers (i.e., less glucose hypometabolism via FDG-PET and less amyloid deposition via 

Pib-PET) compared to those with poor adherence (Berti et al., 2018). This suggests greater 

accumulation of AD pathology in individuals with lower adherence to the Mediterranean diet 

compared to individuals with higher adherence. The study also suggested that higher 

Mediterranean diet adherence was estimated to provide 1.5 to 3.5 years of protection against 

brain aging (Berti et al., 2018). Interestingly, no effects were seen on volumetric MRI (Berti et 

al., 2018). 

 

Cognition 

Several studies report relationships between cognition and dietary patterns. In a study of 23 

adults with MCI randomized to a six-week low carbohydrate or high carbohydrate diet, 

participants with low carbohydrate diet had improved verbal memory performance on the Verbal 

Paired Associate Learning Test compared to the high carbohydrate diet (Krikorian et al., 2012). 

In a group of older adults at high vascular risk, a Mediterranean diet supplemented with extra 

virgin olive oil and mixed nuts resulted in better MMSE and clock drawing scores compared to a 

low-fat diet control group over a 6.5 year longitudinal study; however, the cohort was not 
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cognitively assessed at baseline so results should be interpreted with caution (Martinez-Lapiscina 

et al., 2013). In studies examining dietary patterns, it is common for researchers to create a 

composite score combining several tests from a single domain or from various cognitive 

domains. When using a memory composite score, consisting of delayed recall from the Brief 

Visuospatial Memory Test –Revised (BVMT-R) and Hopkins Verbal Learning Test-Revised, 

adults with MCI or early AD participating in a Ketogenic diet intervention experienced 

improvements in their memory composite score after 12 weeks (Brandt et al., 2019). Similarly, 

in a group of healthy older adults, those with higher adherence to a healthy diet showed 

statistically significant improvements in global cognition and episodic memory after one year, 

compared to those with lower adherence (Marseglia et al., 2018). In a cross-sectional study, 

better diet was related to better memory, visual–spatial abilities, and language function in non-

demented older adults (Anastasiou et al., 2018). In a group of community dwelling adults (ages 

50+), higher adherence scores to the Mediterranean and MIND diets were independently 

associated with significantly better cognitive function in a dose response manner (McEvoy, 

Guyer, Langa, & Yaffe, 2017). These results provide strong evidence that healthy diets support 

healthy cognitive functioning.  

 

Though there are a handful of individual studies questioning the utility of the Mediterranean diet 

for slowing cognitive change, the majority of articles, including review papers and meta-

analyses, support the use of the Mediterranean diet with some differing effects in various 

cognitive domains. The strongest metanalytic evidence suggests a beneficial effect of the 

Mediterranean diet on healthy older adults' global cognition (Loughrey, Lavecchia, Brennan, 

Lawlor, & Kelly, 2017). Meta-analysis of healthy older adult cohort studies revealed a 
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significant association between Mediterranean diet and episodic memory and global cognition 

but not working memory or semantic memory (Loughrey et al., 2017), whereas meta-analysis of 

randomized control trials revealed that those on the Mediterranean diet demonstrated improved 

delayed recall, working memory, and global cognition, but not episodic memory, immediate 

recall, paired associates, attention, processing speed, or verbal fluency compared to those on 

their habitual diet (Loughrey et al., 2017). Another review paper revealed that higher adherence 

to a Mediterranean diet was associated with slower rates of cognitive decline, reduced 

conversion to Alzheimer's disease, and improvements in cognitive function, in adults (ages 19-

75+). Specific cognitive domains found to benefit from improved Mediterranean diet score were 

memory (delayed recognition, long-term, and working memory), executive function, and visual 

constructs (Hardman, Kennedy, Macpherson, Scholey, & Pipingas, 2016). Overall, studies 

examining cognition and diet suggest that a healthy diet positively impacts global cognition and 

aspects of memory.  

 

Limitations with diet literature  

Despite relatively consistent findings that various healthy diets are beneficial for brain health, 

especially when compared to the typical American diet, there are many limitations in the existing 

body of literature. First, some studies do not see an effect of specific diets on cognitive outcomes 

(Andrieu et al., 2017; Berendsen et al., 2017), though some of these diets lack nutritional rigor 

(e.g., do not have enough vitamins, minerals, fiber, etc.) or are underpowered to see an effect 

(Cherbuin & Anstey, 2012; Feart et al., 2009). Adherence is a significant challenge as diets are 

difficult for anyone to follow, but especially challenging for a person who may be cognitively 

compromised (Brandt et al., 2019). Further complicating the picture are the challenges associated 
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with measuring diet/nutritional data (Morris, 2016), especially when self-report is the primary 

means of measurement. One self-report study found that older adults typically do not follow a 

DASH or Mediterranean diet plan even though adherence scores are derived (Blumenthal et al., 

2017). Socioeconomic status is not often accounted for in these types of studies and there is a 

lack of research looking at diet scores and nutritional interventions in lower SES populations 

(Wright, Gerassimakis, Bygrave, & Waldstein, 2017). Lastly, the cognitive outcomes used in 

studies are often not well established neuropsychological assessments or a non-cognitive 

assessment is used as a proxy for cognition (i.e., using heart rate as a cognitive correlate; 

Mantantzis, Maylor, & Schlaghecken, 2018). Much research is needed to better understand the 

relationship between healthy diets and cognition, though the current literature is certainly 

promising.  

 

PHYSICAL ACTIVITY AND EXERCISE  

Physical activity/exercise is a heavily researched health behavior because it is linked to 

preventing, decreasing risk, and ameliorating effects of many chronic illnesses, including brain-

related diseases. The Department of Health and Human Services (DHHS) recommends 150 

minutes (2 hours and 30 minutes) to 300 minutes (5 hours) a week of moderate-intensity, or 75 

minutes (1 hour and 15 minutes) to 150 minutes (2 hours and 30 minutes) a week of vigorous-

intensity aerobic physical activity, or an equivalent combination of moderate- and vigorous-

intensity aerobic activity (Services, 2018). Furthermore, they propose that additional benefits are 

gained when engaging in physical activity beyond the equivalent of 300 minutes (5 hours) of 

moderate-intensity physical activity a week (Services, 2018). There are supplementary guidelines 

for older adults that recommend balance training as well as aerobic and muscle-strengthening 

activities.  
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Physical activity and/or exercise has a reputation for being a panacea for chronic illness 

including cognitive decline. Exercise has been linked to improved symptoms and reduced pain in 

fibromyalgia (Jones, Adams, Winters-Stone, & Burckhardt, 2006), less fatigue in multiple 

sclerosis (Motl & Sandroff, 2015), reduced anxiety, depression and other mood disorders (Byrne 

& Byrne, 1993), better appetite control in obese individuals (Martins, Morgan, & Truby, 2008), 

improved motor symptoms in Parkinson’s disease (Goodwin, Richards, Taylor, Taylor, & 

Campbell, 2008), better exercise tolerance in COPD (Chavannes, Vollenberg, van Schayck, & 

Wouters, 2002), and higher quality of life in cancer (Conn, Hafdahl, Porock, McDaniel, & 

Nielsen, 2006), among many other chronic maladies. Meta-analysis and systematic review 

suggest that exercise interventions positively influence cognitive function in patients with 

chronic diseases, independent of the disease, type of exercise, exercise frequency, and the 

intensity of the exercise intervention (Cai, Li, Hua, Liu, & Chen, 2017).  

 

A connection between exercise and reduced risk of cognitive decline has been well established in 

the literature for almost four decades. Early literature that emerged in the 1980s and 1990s made 

the connection between physical activity/exercise and reduced risk of cognitive decline 

(Chodzko-Zajko, 1991; Clarkson-Smith & Hartley, 1989; Dustman et al., 1984; Laurin, 

Verreault, Lindsay, MacPherson, & Rockwood, 2001; Rogers, Meyer, & Mortel, 1990; Stacey, 

Kozma, & Stones, 1985). More recent studies have looked at different cognitive domains and 

specific types of exercise intervention. Studies performed prior to 2001 were incorporated into a  

meta-analysis which revealed exercise had the greatest effect on executive function, but also had 

an effect on spatial and speed tasks (Colcombe & Kramer, 2003). This meta-analysis examined 
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longitudinal intervention studies and found that incorporating both strength and aerobic exercise 

resulted in a larger cognitive effect size compared to aerobic exercise alone (Colcombe & 

Kramer, 2003). More recent meta-analyses corroborate these findings, suggesting exercise is 

robustly (supported by 26 of the 27 articles from one meta-analysis and 13 of 14 articles in 

another meta-analysis) beneficial for cognition in older individuals (ages 60+) with or without 

mild cognitive impairment or cognitive disease (Carvalho, Rea, Parimon, & Cusack, 2014; 

Hernandez et al., 2015) and may be protective against cognitive decline and dementia later in life 

(Macpherson, Teo, Schneider, & Smith, 2017). However, findings are less clear in demented 

samples. For example, though Alzheimer’s disease patients without cardiovascular problems 

may benefit from exercise, one study cautions that exercise may, in individuals with high 

cardiovascular burden, have deleterious effects on cognition (e.g., compromised vasculature may 

result in the body rerouting blood to the muscles and organs to support the physical activity at 

the expense of sending blood to the brain) (Eggermont, Swaab, Luiten, & Scherder, 2006). With 

almost half (47%) of Americans being at risk for cardiovascular disease (Fryar, Chen, & Li, 

2012), this study underscores the importance of tailoring recommendations for each patient in the 

context of their other health conditions. In these cases, physical activity and exercise should not 

be avoided, but instead tailored to the individuals’ needs by starting with a conservative amount 

at low intensity and increasing the duration and intensity as the individual is able to tolerate it.  

 

Exercise recommendations: type, intensity, and frequency  

Type: A popular question is often related to type of exercise for maximal cognitive benefit. The 

cognitive benefits of aerobic exercise have been widely studied, but more recently, other types of 

exercise, like resistance training, have been explored. A study examining the cognitive and 
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imaging effects of twice-weekly resistance training found functional changes on fMRI in two 

regions of cortex (i.e., the anterior portion of the left middle temporal gyrus and the left anterior 

insula extending into lateral orbital frontal cortex) previously associated with response inhibition 

processes and improved task performance in non-demented (MMSE > 24) older women (ages 

65-75; Liu-Ambrose, Nagamatsu, Voss, Khan, & Handy, 2012). In another cohort of women 

(ages 70-80) with subjective memory complaints at risk for probable MCI, six months of twice-

weekly resistance training improved selective attention/conflict resolution, associative memory, 

and regional patterns of functional brain plasticity, compared with twice-weekly balance and 

tone exercises (Nagamatsu, Handy, Hsu, Voss, & Liu-Ambrose, 2012). These studies suggest 

both healthy and at-risk individuals may benefit from resistance training. A meta-analysis that 

compared aerobic training, stretching, and weight lifting in a group of healthy older adults (65+) 

concluded that a multicomponent exercise program is superior to one type alone (Saez de 

Asteasu, Martinez-Velilla, Zambom-Ferraresi, Casas-Herrero, & Izquierdo, 2017). This was 

corroborated by another study that provided recommendations for both aerobic and resistance 

exercise (Northey, Cherbuin, Pumpa, Smee, & Rattray, 2018).  

Intensity:  Intensity of exercise has been explored as it relates to MCI and results suggest light- 

but not vigorous-intensity physical activity significantly reduced the risk of incident MCI (Krell-

Roesch et al., 2016). The authors included the caveat that not many older adults exercised 

vigorously which may account for a non-significant relationship with vigorous activity (Krell-

Roesch et al., 2016). In fact, another work with non-demented older adults showed that both 

higher and low-to-moderate levels of physical activity were associated with greater risk 

reduction (38%, and 35%, respectively) of cognitive decline compared to sedentary adults (Sofi 

et al., 2011). This was a review based on hazard ratios derived from longitudinal cognitive 
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testing. Results suggest there is increased protection with greater intensity of physical activity 

(Sofi et al., 2011). A Swedish study found a similar dose-response relationship in that older 

females with “high” fitness, defined on an annual cardiovascular fitness test, had delayed age at 

dementia onset by 9.5 years and time to dementia onset by 5 years compared to “medium” 

fitness group (Horder et al., 2018).  

Frequency: In terms of frequency, a dose response relationship has been well documented in that 

more frequent exercise or physical activity yields more favorable results. According to the 

DHHS, the publishing organization of the national exercise guidelines, additional benefits are 

gained by engaging in physical activity beyond the weekly recommended amount (Services, 

2018). One study using tertiles to measure high, medium, and low exercise frequency found a 

gradual reduction in risk of AD for the highest tertile compared to the lowest (Scarmeas, 

Luchsinger, et al., 2009). This effect has also been shown in individuals who are more physically 

active, not exclusively those who explicitly exercise. An inverse linear dose-response 

relationship has been shown between leisure time physical activity (e.g., sports exercises, 

recreational activities, or activities excluding occupational and commuting activities) and 

incidence of all-cause dementia and Alzheimer’s disease. Specifically, an increase in leisure time 

physical activity by 10 metabolic equivalent of task hours per week (MET-h/week or 500 

kcal/week) was associated with a 13% decreased risk of AD and a 10% decreased risk of all 

cause dementia (Xu et al., 2017).  

 

Together, these results suggest that any type of exercise at a regular frequency is beneficial for 

cognition. Multicomponent exercise protocols at higher intensities are related to better cognitive 

outcomes, but single exercise types at light/moderate intensity also show relationships with 
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improved cognitive outcomes. Evidence suggests a dose response relationship in that the more 

frequent exercise the greater the risk reduction. Lastly, the impact of exercise on cognition in the 

context of cardiovascular risk may lead to decreased cognition. 

 

Physical activity and incidence of cognitive disorders  

Many studies have explored the relationship between exercise and incidence of MCI and AD. In 

a population-based, prospective cohort study, engaging in physical activity in mid- and late life 

was associated with lower risk of incident MCI (Krell-Roesch et al., 2016). Participants who did 

have MCI and engaged in moderate intensity physical activity during midlife were found to have 

significantly decreased risk of dementia (Krell-Roesch et al., 2018), particularly when the 

activity was of moderate intensity (compared to light or vigorous; Krell-Roesch et al., 2018). In a 

community sample of older adults measuring physical activity with actigraphy, higher level of 

total physical activity reduced AD risk over 4 years (Buchman et al., 2012).   

 

Physical activity and biomarkers 

There have been several types of biomarkers examined in relation to physical activity/exercise 

and Alzheimer’s disease including genetics (e.g., APOE ε4), cerebral spinal fluid (e.g., Aβ, tau), 

and brain volumetric measurements in MRI (e.g., hippocampal atrophy), to name a few, with 

rodent models used to explore and propose mechanisms of why exercise is good for the brain. 

Researchers found that voluntary wheel running accelerated glymphatic clearance but not blood 

brain barrier (BBB) permeation, improved astrocytic water channel aquaporin 4 expression and 

polarization, attenuated the accumulation of amyloid plaques and neuroinflammation, and 

ultimately protected mice against synaptic dysfunction and a decline in spatial cognition which 
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suggests possible mechanisms for exercise-induced neuroprotection in the aging brain (He et al., 

2017).  

 

In human studies, when looking at genetic markers, exercise has been known to reduce reactive 

oxygen species, increase cerebral blood flow, and increase brain-derived neurotrophic factor 

(BDNF; Radak et al., 2010). BDNF is a mediator of neurogenesis and can reverse synapse 

deterioration and decrease APOE ε4 expression (Radak et al., 2010). APOE ε4 is a well-known 

genetic risk factor for Alzheimer’s disease; however, cognitively normal older adults (ages 50-

65) with a family history of AD underwent an eight-month exercise intervention and testing post-

intervention revealed improvements in memory performance in both APOE ε4+ and APOE ε4- 

groups (Etnier et al., 2018) again suggesting that even with genetic vulnerability, lifestyle factors 

can improve cognition. Similar findings were revealed in a study where a polygenic risk score 

was derived from cerebrospinal fluid and found that in a late-middle-aged cohort, 

cardiorespiratory fitness attenuated the adverse influence of genetic vulnerability on CSF 

biomarkers, which supported the notion that increased cardiorespiratory fitness may be beneficial 

to those at increased genetic risk for AD (Schultz et al., 2017). Furthermore, in a cognitively 

normal population, those who met American Heart Association exercise guidelines (i.e.,  

relatively active individuals) had lower Pittsburgh Compound-B (PiB) uptake during PET scan 

suggesting less amyloid in the brain (Liang et al., 2010).  

 

Imaging studies have also been used to explore the relationship with exercise and biomarkers of 

AD. MRI scans of older adults who engaged in aerobic exercise intervention for one year 

showed increased size of the anterior hippocampus (about 2%, which is equivalent to 1-2 years 
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of normal aging volume loss) and improved spatial memory (Erickson et al., 2011), providing 

support that exercise may be a way to preserve memory functioning; though in this study, only 

spatial memory was improved. Increased hippocampal volume was also associated with 

increased levels of BDNF (Erickson et al., 2011). 

 

The benefit of exercise is further highlighted in a study of younger patients (Mage; SD=38; 10) 

with dominantly inherited Alzheimer’s disease (n=372), which is a genetic form of AD caused 

by an autosomal dominant mutation on the PSEN1, PSEN2, or APP gene. Results from the study 

found that mutation carriers with high physical activity scores performed substantially better on 

Mini Mental State Examination (MMSE) at expected symptom onset and fulfilled the diagnosis 

of very mild dementia 15.1 years later compared with low exercisers (Muller et al., 2018). These 

results suggest the robust benefit of exercise, even in genetically vulnerable groups.  

 

Cognition 

Few exercise studies incorporate detailed neuropsychological assessments, but those that do 

collect cognitive data provide helpful information in determining which cognitive domains are 

most influenced by exercise or physical activity. Global cognition has been shown both cross-

sectionally as well as longitudinally to be associated with exercise. In a cohort of 521 older 

adults without dementia, physical activity measured via an actigraph device was associated with 

a global cognition composite score even when adjusting for age, sex and education (Buchman, 

Wilson, & Bennett, 2008). In the same cohort, but longitudinally, the same objective measure of 

physical activity was associated with rate of global cognitive decline over about 4 years 

(Buchman et al., 2012).  
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Other studies look at specific cognitive domains as influenced or as associated with exercise. In 

an observational study of non-demented older adults, participants who were more physically 

active had better memory, were cognitively faster and had better executive skills (Anastasiou et 

al., 2018). In a different study looking at multiple cognitive domains in cognitively healthy older 

adults, processing speed, as measured by the RBANS, had the most robust link with exercise, as 

measured by pedometer data (Calamia et al., 2018). Memory findings have been mixed. One 

study found spatial memory improved after aerobic exercise intervention in older adults 

(Erickson et al., 2011), while another study found that higher levels of physical activity were 

associated with better verbal memory (as measured by the HVLT) but not visual memory 

(complex figure; Blumenthal et al., 2017). Regarding executive functioning, resistance exercise 

improved executive function, at least transiently, in healthy older adults compared to a control 

group who watched a exercise-related video (Naderi et al., 2019). They found that exercise at 

moderate intensity versus low intensity afforded greater executive function gains (Naderi et al., 

2019).  

 

Activities of daily living have also been examined as they relate to exercise. Meta-analysis of 

AD patients over the age of 65 showed improved ADL functioning (or slowed ADL decline) in 

the exercise groups compared to the control groups (Rao, Chou, Bursley, Smulofsky, & Jezequel, 

2014). Similarly, nursing home patients with AD who did or did not engage in a two-week 

exercise intervention had significant ADL decline, but the decline was significantly lower in the 

exercise group after twelve months of participating (Rolland et al., 2007). Interestingly, there 

was no difference at six months, suggesting some kind of dose-response effect (Rolland et al., 
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2007). The authors calculated that the patients in the exercise program declined approximately 

one-third as much as the routine medical care patients (Rolland et al., 2007).  

 

Intriguingly, there seem to be sex differences associated with exercise and cognition. In a group 

of amnestic MCI patients, women’s cognition was improved with exercise, especially executive 

function tasks like selective attention, search efficiency, processing speed, and cognitive 

flexibility, but men did not reap the same benefits (Baker et al., 2010). Similar findings were 

seen in another study where cognitively normal (MMSE > 26) women and men underwent the 

same strength training intervention, but only women had improvements in executive functioning 

compared to men and compared to controls (Naderi et al., 2019). Overall, it appears that 

women’s cognition is more likely than men’s cognition to be impacted with exercise, for reasons 

that continue to be explored.   

 

Limitations in the physical activity/exercise literature 

Similar to the limitations in the diet literature, exercise and physical activity are subject to self-

report bias and error in observational studies that may be further pronounced in a memory 

impaired sample. There is no gold standard for how exercise and physical activity are measured; 

there is no a designated device or standardized questionnaire. Nor is there standardization of 

exercise intensity; light, moderate, and vigorous exercise are defined for each study. Another 

challenge is the generalizability of the outcomes. Some studies that have specific, time-limited 

exercise protocols are not realistic interventions outside of a research setting, so the results are 

interesting, but perhaps not clinically relevant. Lastly, many studies do not capture cognitive data 

on well-established neuropsychological measures, but when they do, especially in shorter 
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interventions, they are vulnerable to practice effects. Conversely, neuropsychological measures 

are often critiqued for not being sensitive to subtle changes and thus may not accurately capture 

cognitive change after an exercise intervention. There is certainly a need for longitudinal, well-

controlled, and ecologically realistic studies that can be used to inform clinical recommendations 

for patient populations and the general public.  

 

SLEEP 

Sleep is an essential biological human function and important for health and wellness. In an 85-

year life span, an individual may sleep nearly 250,000 hours, which is equivalent to over 10,000 

full days (Scullin & Bliwise, 2015). Sleep serves many functions, including tissue restoration 

(Adam & Oswald, 1977) and brain metabolite clearance (Xie et al., 2013). In an animal study, 

sleep enhanced the removal of potentially neurotoxic waste products that accumulated in the 

awake central nervous system (Xie et al., 2013), which highlights the important clean-up work 

that goes on during sleep. Sleep recommendations put forward by the Sleep Research Society 

and the American Academy of Sleep Medicine suggest healthy adults should regularly obtain 

seven or more hours of sleep per night to promote optimal health and functioning, and there are 

potentially adverse health outcomes when consistently sleeping more than nine hours per night 

(Watson et al., 2015). Fewer than seven hours is associated with greater likelihoods of obesity, 

high blood pressure, diabetes, coronary heart disease, stroke, mental distress, and death (Liu, 

2016). In a large nation-wide survey looking at the prevalence of guidelines adherence, 65.2% of 

adult respondents reported sleeping seven or more hours per night (Liu, 2016), with the highest 

adherence (73.7%) among the older adult age group (65+) (Liu, 2016).   
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There are many reasons for insufficient or excessive sleep, and the terminology and definitions 

in the literature are also varied. Sleep disordered breathing interferes with adequate sleep. 

Insomnia symptoms include difficulty falling asleep, staying asleep, and poor sleep quality 

(Spira, Chen-Edinboro, Wu, & Yaffe, 2014). Some studies rely on self-report of sleep duration 

and others utilize objective measures. Polysomnography is the gold standard assessment tool for 

sleep, but actigraphy, a method of estimating sleep/wake patterns by recording movement over 

multiple days using a device typically worn on the wrist, is also used (Spira et al., 2014).  

 

Sleep has an important role in cognitive functioning, especially in older adults. The relationship 

between sleep disturbance and aging has been known for decades but the mechanism of action is 

debated. A commonly accepted pathway is that sleep loss causes inflammation (Irwin, Wang, 

Campomayor, Collado-Hidalgo, & Cole, 2006) and inflammation causes cognitive decline 

(Yaffe et al., 2003) and AD pathology (Rogers et al., 1996). Some believe that approximately 

15% of AD cases may be attributed to sleep problems (Bubu et al., 2017). Some researchers 

posit a bidirectional relationship between disordered sleep and AD (Ju, Lucey, & Holtzman, 

2014) such that sleep deprivation causes an accumulation of amyloid beta in the brain, thus 

disrupting the sleep-wake cycle and increasing the risk of cognitive symptoms of a 

neurodegenerative disease. Conversely, Aβ plaques in the brain cause sleep-wake disturbances, 

hence the bidirectional relationship (Ju et al., 2014). This is perhaps why sleep disturbances 

occur more frequently in older individuals with dementia than in those who are nondemented 

(Prinz et al., 1982).  
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Sleep and incidence of cognitive disorders  

Although it is unclear whether dementia causes sleep problems or sleep problems cause 

dementia, inadequate sleep is consistently linked to dementia risk. Independent of demographics 

and vascular risk factors, sleep inadequacy and increased daytime sleepiness were found to be 

risk factors for dementia in older adults (65+) (Tsapanou et al., 2015). On the opposite end of the 

sleep duration spectrum, prolonged sleep (>9 hours) was also associated with an increased risk of 

incident dementia (Larsson & Wolk, 2018; Westwood et al., 2017). One study created a sleep 

disturbance index score based on the following items: sleeping problems and fatigue in the past 

six months, sleep medication use, and recent trouble sleeping or a change in sleep pattern 

(Sterniczuk, Theou, Rusak, & Rockwood, 2013). This index score was associated with self-

reported or proxy-reported dementia or Alzheimer’s disease within approximately four years. 

Specifically, they found that higher scores on the index were associated with 23% greater odds of 

dementia or Alzheimer’s disease after accounting for demographic variables, BMI, and baseline 

cognitive performance (Sterniczuk et al., 2013). Similar results were found using an objective 

sleep measure (actigraphy device on wrist) in a sample of community dwelling older adults, with 

a higher level of sleep fragmentation (i.e., more disrupted sleep) being associated with incident 

AD and rate of cognitive decline (Lim, Kowgier, Yu, Buchman, & Bennett, 2013). Meta-analytic 

results further substantiate the relationship between poor sleep and dementia. When compiling 

the results of 27 observational studies, Bubu and colleagues concluded that individuals with 

sleep problems had a 1.55 (95% CI: 1.25–1.93), 1.65 (95% CI: 1.45–1.86), and 3.78 (95% CI: 

2.27–6.30) times higher risk of AD, cognitive impairment, and preclinical AD (i.e., presence of 

AD-related biomarkers) than individuals without sleep problems, respectively (Bubu et al., 

2017).  
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Sleep and biomarkers 

There have been several types of biomarkers examined in relation to sleep, aging and 

neurodegenerative disease including volumetric measurements, PET tracer uptake, cerebrospinal 

fluid, and genetics. In community-dwelling older adults grouped into short (<6 hours), normal 

(6-9 hours), or long (>9hours) sleep duration, the long duration group was associated cross-

sectionally with smaller total cerebral brain volume (Westwood et al., 2017). After only one 

night of sleep deprivation, healthy controls (ages 22-72) had more Aβ in their brain compared to 

when they had a rested night of sleep, as measured by F18 uptake on PET scan (Shokri-Kojori et 

al., 2018). Similarly, using the PiB-PET tracer, reports of shorter sleep duration and poorer sleep 

quality were associated with greater Aβ burden among community-dwelling older adults (ages 

53-91) (Spira et al., 2013).  

 

Cerebrospinal fluid studies report similar findings. In a cross-sectional study of 142 cognitively 

normal middle-aged and older adults, those with lower levels of CSF Aβ42, an indication of 

greater brain Aβ burden, had worse sleep as measured by poorer actigraphic sleep efficiency (Ju 

et al., 2013). Despite a consistent relationship, it is unclear whether Aβ deposition is a cause or a 

consequence at different points in the Alzheimer’s disease course, or whether disturbed sleep and 

Aβ plaques have a shared cause (Ju et al., 2014). Better sleep, defined as low sleep 

fragmentation, moderated the association between APOE ε4 and cognitive decline, incident 

Alzheimer’s disease, and postmortem density of neurofibrillary tangles. Less sleep fragmentation 

was associated with better outcomes, despite presence of APOE ε4. Worse sleep was associated 
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with a stronger relationship between the ε4 allele and cognitive decline, incident Alzheimer’s 

disease, and postmortem density of neurofibrillary tangles (Lim, Yu, et al., 2013).  

 

Cognition  

Sleep has been extensively examined in relation to cognitive functioning, and a full examination 

of this literature is beyond the scope of this work (for review see Deak & Stickgold, 2010). 

However, sleep loss has long been recognized to impair attention and executive-control (Scullin 

& Bliwise, 2015) and interfere with memory consolidation, even in healthy adults (for review see 

Rasch & Born, 2013). Sufficient sleep has been associated with better visuospatial function 

(Anastasiou et al., 2018). In older adults, poor sleep quality can be an early sign of cognitive 

decline (Potvin et al., 2012). Longitudinal studies have found that disrupted sleep, or high sleep 

fragmentation, was associated with a significant increase in rate of annual cognitive change 

(Lim, Kowgier, et al., 2013), suggesting that worse sleep is associated with accelerated cognitive 

decline. Overall, cognition in older adults is vulnerable to the effects too much, too little, or 

fragmented sleep.  

 

There is some evidence suggesting sleep impacts men and women differently. In older men, an 

overall measure of self-report sleep quality was linked with cognitive impairment, as measured 

by the MMSE, when assessed one year later (Potvin et al., 2012). The results also linked short 

sleep duration (≤ 5 hours) in men but long duration (>9 hours) in women with evidence of 

amnestic cognitive impairment (Potvin et al., 2012). Global cognitive impairment was linked 

with reduced sleep efficiency (time asleep divided by time in bed) in men (Potvin et al., 2012), 

and short sleep duration (≤ 5 hours) in women (Tworoger, Lee, Schernhammer, & Grodstein, 
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2006). Further supporting these results, another study found that men who were awake for more 

than an hour and a half after initially going to sleep, compared to men who were awake for less 

than an hour and a half after initially going to sleep, scored significantly worse on the Modified 

Mini-Mental State Examination (3MS) and were significantly slower on Trails B (Blackwell et 

al., 2011). In that same cohort of community dwelling older men, long sleepers (more than eight 

hours measured objectively via actigraph and subjectively via self-report) scored significantly 

worse on cognitive measures (Blackwell et al., 2011). Though there were some variations in the 

results between sleep measured objectively versus subjectively, long sleepers scored worse on 

the 3MS and took longer to complete Trails B and Digit Vigilance Test. Sleep efficiency has 

been a problem for women too. Women who regularly had difficulty falling or staying asleep had 

worse global cognitive scores compared with those who rarely had difficulty sleeping (Tworoger 

et al., 2006). To appreciate the impact of this effect, the authors noted that the mean differences 

in cognitive scores was equivalent to 4 to 5 years of cognitive aging.  

 

The relationship between sleep and cognition also varies by education and socioeconomic status. 

For example, a study of older adults (ages 65+) found that the association between low 

neighborhood SES, poor sleep quality, and cognitive decline was roughly equivalent to the 

association between APOE ε4 and cognitive decline (Hunter et al., 2018). Another study found 

that in a cohort of older adults, prolonged sleep duration was associated with increased risk of 

incident dementia, but the effect was driven by individuals without a high school degree 

(Westwood et al., 2017). More studies are needed across various socioeconomic groups to 

understand the impact of SES on sleep and cognition. 
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Limitations with sleep literature  

Unlike the multiple diet interventions and diet scores, or exercise protocols that incorporate 

various intensities, frequencies, and durations, sleep is a relatively singular behavior. This 

reduces some of the variability in comparing studies; however, there are certainly different ways 

to classify sleep (e.g., long, normal, short, sufficient vs insufficient, disrupted vs uninterrupted), 

different aspects to consider (e.g., sleep medications, breathing problems, time awake after 

falling asleep, etc.), and different assessment techniques (e.g., self-report versus objective 

actigraph). The discrepant language can make comparing studies challenging.  

 

 

SOCIAL INTERACTION 

Social interaction and social connection have been studied as they relate to a multitude of 

populations and health conditions, including conditions involving cognitive decline. Examining 

the abundant evidence of social interaction influence on general health behaviors and physical 

health outcomes may shed light into the mechanism between social interaction and cognition. 

Married older adults are more likely than their single peers to engage in physical activity, attend 

routine dental visits, and limit their alcohol consumption (Watt et al., 2014). Those who were 

widowed had significantly higher prevalence of current smoking than those who were married or 

living with a partner (Watt et al., 2014). As measured by the number of social roles, social 

integration was associated with less age-related loss of lung function which is an important 

marker of health and longevity (Crittenden, Murphy, & Cohen, 2018). Similarly, social activity 

has been seen to independently reduce the risk of disability in older adults (James, Boyle, 

Buchman, & Bennett, 2011) whereas lack of social connection is strongly linked with premature 
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morbidity and mortality (Holt-Lunstad, Smith, & Layton, 2010). This meta-analysis found that 

the influence of social relationships on risk for mortality was comparable to or exceeded other 

well-established risk factors (e.g., obesity, physical inactivity) such that the magnitude of the 

effect of social relationships on mortality was comparable with quitting smoking (Holt-Lunstad 

et al., 2010). Further corroborating those findings was a study looking at the synergistic effect of 

social isolation and loneliness on mortality in middle and older adults. The study found that the 

higher the social isolation, the larger the effect of loneliness on mortality such that social 

isolation and loneliness are both important for predicting health (Beller & Wagner, 2018). There 

have already been clinical implications of such findings in that clinicians are being encouraged to 

screen for social disconnectedness as a means of addressing chronic diseases (Larrabee 

Sonderlund, Thilsing, & Sondergaard, 2019). Contrarily, MacNeil-Vroomen and colleagues 

found that older adult perception of social support was not related to longevity (i.e., time to 

death) after adjustment for other physical and psychological risk factors, providing contradictory 

evidence that perhaps social support may not have the expected impact for some individuals 

(MacNeil-Vroomen et al., 2018). Further research is needed in this area.  

 

Risk of cognitive disorders 

Substantial evidence supports that social activity and relationships are important for decreasing 

risk of dementia. Long term relationships, such as being married, have been shown to reduce the 

risk of dementia compared to single or widowed individuals (Sommerlad, Ruegger, Singh-

Manoux, Lewis, & Livingston, 2018). Physically, socially, and cognitively stimulating leisure 

activities serve a protective role against dementia, and the literature suggests an added benefit 

with regularity of engagement over a long time span (Di Marco et al., 2014). Negative social 
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interactions and less community involvement have been attributed to increased risk of mild 

cognitive impairment and dementia. Higher baseline frequency of negative social interactions 

was associated with higher risk of developing mild cognitive impairment (hazard ratio = 1.53) in 

older adults (Wilson et al., 2015). Individuals who screened positive for MCI or dementia on the 

MoCA had less community involvement; however, it is unclear whether cognitive problems 

caused less social engagement or decreased social engagement increased risk of cognitive 

decline (Kotwal, Kim, Waite, & Dale, 2016). Perceived loneliness also was associated with 

increased risk of dementia (Sundstrom, Adolfsson, Nordin, & Adolfsson, 2020). 

 

Social interaction and biomarkers  

Similar to the other lifestyle factors, social engagement has been linked to dementia biomarkers. 

Much of this work has been done in rodent models using a cohousing paradigm as a proxy for 

human social interaction. Cohousing AD mice with wildtype mice results in increased BDNF 

production and neurogenesis in the hippocampus (Hsiao, Hung, Chen, & Gean, 2014), 

suggesting that, at least in rodents, social interaction with healthy mice promotes brain health 

even in diseased mice (Hsiao et al., 2014). Cohousing has also had promising results on 

neuroinflammation, a known contributor to the neurodegenerative process (Ardura-Fabregat et 

al., 2017). In another rodent study, aged mice who were cohoused (seven per cage) versus paired 

(two per cage) had better memory function and reduced markers of neuroinflammation (Smith, 

Yao, Chen, & Kirby, 2018), again suggesting social interaction is important for reducing 

dementia risk. Transitioning to human studies, telomere length (TL) is a robust indicator of 

cellular aging and TL erosion has been associated with exposure to social and traumatic 

stressors. Loneliness and lack of perceived social support in early adulthood may be associated 
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with shorter TL during transition to old age in a population that has endured extreme stress (Stein 

et al., 2018). Lastly, social network size modified the association between amyloid load, tau 

tangle density, and cognitive function (Bennett, Schneider, Tang, Arnold, & Wilson, 2006). Even 

at more severe levels of global disease pathology, cognitive function remained higher for 

participants with larger network sizes, suggesting that social networks appear to be cognitively 

protective even with disease pathology present (Bennett et al., 2006).  

 

Cognition  

The cognitive benefits of social interaction are often underappreciated. Among older adults 

(65+), family based social capital was positively related to cognitive functioning (Sauter, 

Widmer, Ihle, & Kliegel, 2019). Specifically, the study found that being an active agent in one’s 

own family (e.g., having a larger number of family members, as well as supporting them) was 

significantly related to enhanced cognitive performance in processing speed (Trails A), cognitive 

flexibility (Trails B), and vocabulary (Mill Hill Vocabulary Scale) (Sauter et al., 2019). The 

study suggested that active participation in social and relational tasks requires cognitive abilities 

but is also promoted by them (Sauter et al., 2019). Emerging literature is even exploring the 

concept of “relational reserve” as a parallel to cognitive reserve, with larger social and 

supportive family network related to a more active lifestyle and to better cognitive functioning 

(Sauter et al., 2020). Conversely, loneliness was found to be inversely related to general 

cognition, verbal memory, and processing speed at age 70 which may be in some way related to 

depression (Gow, Corley, Starr, & Deary, 2013). Social network was directly associated with 

better global cognition (adjusted z-score composite of the Digit Symbol Substitution Test, 

Delayed Word Recall Test, and Word Fluency Test) at baseline (ages 45–64) among Caucasians 
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and African American females, but curiously was not significantly associated with global 

cognition in African American males (Kats et al., 2016).  

 

The role of social interaction in cognition has also been looked at longitudinally. In a population-

based British cohort study, group engagement, opposed to interactions with a single individual, 

made a significant, sustained and unique contribution to the prediction of cognitive function four 

years later as measured by a factor-analysis derived generalized cognitive ability score  

comprised of orientation, attention, verbal fluency, verbal memory, and prospective memory 

measures (Haslam, Cruwys, & Haslam, 2014). Furthermore, group engagement was associated 

with better cognitive integrity over time (Haslam et al., 2014). It has been hypothesized that the 

level of engagement required to maintain group relationships is greater than that involved in 

maintaining individual relationships, such that this encourages greater cognitive stimulation and 

improved cognitive outcomes (Haslam et al., 2014), though there have also been studies 

suggesting significantly faster processing speed for married people compared to 

unmarried/singles, providing some evidence for long-term benefits of having an individual 

relationship (Gow et al., 2013). Haslam and colleagues found a significant interaction between 

group engagement and age, indicating that these group relationships matter most when people 

are at the older end of the age spectrum. The authors highlighted that being connected to social 

groups had the effect of reducing the cognitive age of an 80-year-old by 9.5 years (Haslam et al., 

2014). Similar longitudinal findings of social engagement associated with better cognitive 

outcomes were revealed in a community cohort in Chicago. More social activity was associated 

with less cognitive decline during average follow-up of 5.2 years, such that a one point increase 

in the social activity score was associated with a 47% decrease in the rate of decline in global 
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cognitive function as measured by composite z-score of 19 neuropsychological tests across 

domains (James, Wilson, Barnes, & Bennett, 2011).  

 

The mechanism of why and how social interaction promotes better cognition is unclear. Some 

suggest it is through increased cognitive activities (Brown et al., 2016), or being more socially 

stimulated. Loneliness has been shown to reduce social engagement, which may be caused by 

memory or mood problems (McHugh Power, Steptoe, Kee, & Lawlor, 2019). As mentioned 

previously, the mice cohousing experiment showed better memory functioning and reduced 

markers of neuroinflammation in mice housed with more than one other mouse (Smith et al., 

2018). However, in a human study, social support and not social contact was positively 

associated with cognition (Gow et al., 2013), suggesting quality may be more important than 

quantity in humans. The exact mechanism is still uncertain. Unfortunately, people with memory 

problems often face more barriers to participation in social activities (Flatt et al., 2015), and thus 

the lack of social interaction may further perpetuate cognitive decline.   

 

Limitations with social interaction literature  

Similar limitations exist with the social interaction lifestyle behavior as with exercise and diet 

due to the variability of what is included in this domain. There is no established standard way to 

measure social interaction (Dause & Kirby, 2019), though some scholars have tried to lay out a 

definition to differentiate social engagement and social networks (Berkman, Glass, Brissette, & 

Seeman, 2000). Equally, it is hard to isolate social interaction interventions, as most social 

intervention protocols have an aspect of exercise or cognitive stimulation as well (Dause & 

Kirby, 2019). In such intervention trials, there is also the ethical dilemma of withholding 
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beneficial interventions from patients (Dause & Kirby, 2019) so it is sometimes hard to justify an 

independent “social interaction” intervention. In many of these studies, socioeconomic status is 

not accounted for, and if it is, participants are typically from middle to upper SES. There was a 

study that looked at the relationship between SES and health behaviors, and found that higher 

SES individuals obtained higher health behaviors scores (Watt et al., 2014), so it would be 

important to examine these same variables in diverse samples to see if results are generalizable. 

Furthermore, people who have adequate social interactions also tend to have other positive 

health-related behaviors such as regular exercise and more participation in cognitively enriching 

activities (Watt et al., 2014). Studies in this field call for rigorous clinical trials to help determine 

how social integration can be used to prevent cognitive decline and how that integration can be 

effectively and practically achieved (Dause & Kirby, 2019). 

 

STRESS 

Stress can be broadly defined as a disruption to the homeostasis of an organism (Sierra-Fonseca 

& Gosselink, 2018). For humans, stressors include a myriad of things like physical injuries, 

difficult relationships, unhealthy diet, and lack of sleep. The stress response is a series of self-

regulated nervous system responses reacting to environmental, psychosocial, and other internal 

and external stimuli (Chrousos, 2009; Esch, Stefano, Fricchione, & Benson, 2002a). This 

reaction can galvanize a person into action or the opposite, cause a person to freeze and retreat. 

Either way, stress can be severely detrimental to health and well-being when it is chronic. 

Chronic stress has detrimental physiological effects on the body via dysregulated HPA axis 

hormone levels and has been linked to cancer (Moreno-Smith, Lutgendorf, & Sood, 2010), 

cardiovascular dysfunction (Esch, Stefano, Fricchione, & Benson, 2002b; Grippo & Johnson, 
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2009), immune system dysfunction (Khansari, Murgo, & Faith, 1990), gastrointestinal 

dysfunction (Soderholm & Perdue, 2001), endocrine disorders (Sapolsky, 1992), depression 

(Hammen, 2005), and neurodegenerative disease. In the brain, stress activates the HPA axis 

which causes subsequent glucocorticoid hormones (i.e., cortisol, corticosterone) to be released. 

This influences normal tau proteostasis, and thus disrupts neuronal structure and function, which 

leads to neuronal cell death and ultimately neurodegeneration (Sierra-Fonseca & Gosselink, 

2018).  

 

Stress and incidence of cognitive disorders  

Onset and progression of neurodegenerative disease has been linked with chronic stress. In a 

community sample of older adults, high levels of perceived stress was associated with a 30% 

greater risk of incident amnestic MCI after three years, independent of depression, APOE ε4, and 

demographic factors (Katz et al., 2016). Similarly, another study of older adults who had normal 

cognition or MCI at baseline found that prolonged, highly stressful experiences were associated 

with conversion from MCI to dementia (Peavy et al., 2012). These studies suggest that 

preventing or reducing stress may reduce the risk of MCI onset (Katz et al., 2016) or progression 

to dementia (Peavy et al., 2012).   

 

Stress and biomarkers  

Stress leaves a physiological mark in the human body, regardless of age. In an MRI study of 

stress in younger adults, stressful stimuli resulted in decreased global network efficiency 

(Wheelock et al., 2018), suggesting that stress disrupts brain connectivity. In animal studies, 

stress has been linked with tau hyperphosphorylation and accumulation, possibly as a result of 
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HPA axis releasing glucocorticoids which impacts the brain (Sierra-Fonseca & Gosselink, 2018). 

Stress appears to be a critical factor that influences tau-mediated pathogenesis in AD and 

possibly other tauopathies (Sierra-Fonseca & Gosselink, 2018).  

 

Cognition  

Stress has been significantly linked to cognitive performance, both at baseline and rate of change 

over time. In a group of healthy older adults, worse language, episodic memory, and executive 

functioning were associated with increased perceived stress scores (Jiang, Seng, Zimmerman, 

Kim, & Lipton, 2017). The literature differentiates between subjective and objective measures of 

stress as they have been shown to differentially impact cognition. Perceived stress is a subjective 

measure of stress where the person rates how they were impacted by the stressor versus an 

objective measure of stress, such as physiological markers (e.g., cortisol) or the frequency (e.g., 

daily versus monthly) and severity (e.g., minor car accident versus the death of a child) of the 

event. Perceived stress scores are not strongly associated with number of stressful life events, but 

are associated with the personal impact of those events (Cohen, Kamarck, & Mermelstein, 1983). 

In a MCI population, high level of life stressors (subjective measure) predicted faster decline in 

cognition but high cortisol (objective measure) predicted slower decline in cognition (Peavy et 

al., 2009). It seems that the cognitive appraisal of the stressor determines the impact on 

cognition. Working memory performance was negatively impacted by stress (in a lifespan 

sample ages 19-83), but specifically by the perception of stress and not the total number of 

stressful events (Korten, Sliwinski, Comijs, & Smyth, 2014). Physical health mediated the 

impact of perceived stress on cognition in a sample of Chinese older adults, but overall, higher 
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perceived stress was associated with worse global cognition (Chen, Wang, Liang, Sun, & Dong, 

2018). Subjective stress appears to have a stronger influence on cognition than objective stress.  

 

Stress also impacts rate of cognitive decline. In a community-dwelling older adult (65+) sample, 

increasing levels of perceived stress (on a six-item perceived stress scale) was related to lower 

initial cognitive scores and a faster rate of cognitive decline (Aggarwal et al., 2014). Another 

study found that cognitive decline, over a two-year time period, was associated with higher 

global perceived stress at baseline (Munoz, Sliwinski, Scott, & Hofer, 2015). Even when 

controlling for age, sex, education, and vascular risk factors, higher perceived stress was 

significantly related to faster declines in global cognition, episodic memory, and visuospatial 

ability in older African American adults (mean age was 73; Turner, James, Capuano, Aggarwal, 

& Barnes, 2017).  

 

Regarding demographic variables, there have been some education and gender differences. A 

study looking at education and effects of stress on cognition found that stressful life events 

predicted more rapid global cognitive decline among older adults with fewer years of education, 

but that stressful life events had little effect among those with more years of education (Tschanz 

et al., 2013). Regarding gender differences, stress appears to impact cognition differently for 

men and women. For example, an association between higher average cortisol levels and a worse 

memory on the California Verbal Learning Test has been seen in women, but not for men (Peavy 

et al., 2009). Similarly, cognition declines faster in women with high stress levels, than men with 

high stress levels, measured by cortisol (Peavy et al., 2009), though it is unclear if the cognitive 

change is due to psychological factors (e.g., anxiety) which have been seen to consistently 
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reduce cognitive functioning in older adults (Adorni et al., 2019). Regardless of the mechanism, 

it is important to note educational and gender differences of stress on cognition.   

 

Limitations with stress literature  

Similar to the other four lifestyle factors, there is inherent variability in measuring stress. There 

are differences between stress measured objectively versus subjectively, as well as notable 

difference in wording on the subjective stress questionnaires that have been linked to different 

constructs and outcomes. For example, the perceived stress questionnaire has both positively and 

negatively worded questions which are differentially predictive of progression from normal 

aging to MCI (J. M. Jiang et al., 2017). The positively worded questions have been found to 

measure coping ability whereas the negatively worded questions seem to measure helplessness 

(J. M. Jiang et al., 2017). Another study points out that when several life stressors are combined 

into one questionnaire, it can cancel out the effect of stress on cognition (Rosnick, Small, 

McEvoy, Borenstein, & Mortimer, 2007). It is possible that this is happening in many of the 

studies presented above, such that the authors recommend looking at each stressor individually 

and not combining with others (Rosnick et al., 2007).  

 

RISK FACTORS  

A comprehensive review of common risk factors associated with cognitive decline is beyond the 

scope of this project, however a brief overview of APOE, BMI, depression, smoking, and 

alcohol use is provided below.  
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APOE 

Genetic risk factors for Alzheimer’s disease and cognitive decline have been studied. The most 

common genetic risk factor, Apolipoprotein E, has three polymorphic alleles: ε2, ε3 and ε4, 

which have a worldwide frequency of 8.4%, 77.9% and 13.7%, respectively (Farrer et al., 1997). 

APOE effects amyloid beta metabolism, deposition, and clearance in the brain (Kim, Basak, & 

Holtzman, 2009). Meta-analysis of clinical and autopsy-based studies demonstrated, for 

Caucasians, having a copy of the ε4 allele was associated with increased risk of AD, and data 

suggests approximately 40% of Caucasian AD patients have a copy of ε4. The association was 

weaker among African Americans and Hispanics with considerable heterogeneity between the 

African American cohorts {Farrer, 1997 #519}. Conversely, having an ε2 allele is protective and 

reduces the risk of AD compared to individuals with an ε3 allele (Farrer et al., 1997; Suri, Heise, 

Trachtenberg, & Mackay, 2013). Individuals with ε4 exhibited a faster rate of cognitive decline 

compared to non- ε4 carriers (Cosentino et al., 2008). The exact mechanism of AD risk in APOE 

ε4+ individuals is still unresolved but thought to be from increased toxicity, loss of 

neuroprotection, or a combination of both  (Kim et al., 2009). 

 

BMI 

Body Mass Index (BMI) is associated with increased rates of medical conditions, but also 

cognitive dysfunction (Buchman et al., 2005). Studies show that overweight and obese 

individuals have worse cognition than their healthy weight peers (Cournot et al., 2006; Kilander, 

Nyman, Boberg, & Lithell, 1997; Nguyen, Killcross, & Jenkins, 2014); however, some studies 

suggest a different pattern in older individuals. Having low BMI and losing weight puts older 

adults at risk for Alzheimer’s disease (Shatenstein, Kergoat, & Nadon, 2001; White, 1998; Wolf-
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Klein & Silverstone, 1994). Higher BMI, in some studies, has been protective of cognitive 

decline (Garcia-Ptacek, Faxen-Irving, Cermakova, Eriksdotter, & Religa, 2014; Memel, 

Bourassa, Woolverton, & Sbarra, 2016; Schmeidler, Mastrogiacomo, Beeri, Rosendorff, & 

Silverman, 2019), especially in women (Forte, Pesce, De Vito, & Boreham, 2017; Gustafson et 

al., 2012; Kim, Kim, & Park, 2016).  

 

Alcohol  

Alcohol consumption has a complex relationship with health and brain functioning. The 2015-

2020 U.S. Dietary Guidelines for Americans defines moderate drinking as up to one drink per 

day for women and up to two drinks per day for men, though additional caution is recommended 

for older adults. About 40% of adults over the age of 65 drink alcohol, despite being more 

sensitive to alcohol, vulnerable to negative medication interactions, and at risk of exacerbating 

chronic health conditions. While robust evidence links chronic heavy alcohol use to brain 

atrophy and dementia (Topiwala & Ebmeier, 2018), moderate consumption is still under 

investigation. Some research touts the protective effects of moderate alcohol consumption 

(Ganguli, Vander Bilt, Saxton, Shen, & Dodge, 2005; Stampfer, Kang, Chen, Cherry, & 

Grodstein, 2005); however, other studies failed to replicate the effect (Bos et al., 2017; Lobo et 

al., 2010; Peters, Peters, Warner, Beckett, & Bulpitt, 2008), while others linked moderate 

consumption with cognitive decline (Topiwala et al., 2017). In a British longitudinal cohort study 

of adults followed over 30 years, the authors rebuked the current U.S. alcohol consumption 

guidelines which posits up to 196 grams a week (i.e., fourteen drinks per week or two drinks per 

day) is safe for men because the study found increased odds, in a dose dependent manner, of 

hippocampal atrophy at just 112 grams (i.e., eight drinks) to 168 grams (i.e., twelve drinks) per 
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week, and no support for a protective effect of light consumption on brain structure or function 

as measured by a brief cognitive battery (Topiwala et al., 2017). The study found that drinking 

habits are typically developed in midlife and remain stable for decades, concluding that alcohol 

might represent a modifiable risk factor for cognitive impairment such that primary prevention 

interventions targeted in later life could be too late (Topiwala et al., 2017). Despite the continued 

controversy of alcohol’s impact on cognition, alcohol consumption remains an important 

consideration when assessing cognition.  

 

Depression 

Depression has been inconsistently associated with cognitive functioning (Gualtieri, Johnson, & 

Benedict, 2006), yet remains an important variable to consider when evaluating overall health 

and cognition. In a review paper exploring the connection between depression and cognition, the 

authors acknowledged literature that linked depression to impairments in attention, learning and 

memory, and executive function, but added that there were disagreements about the mediators 

and mechanisms of cognitive impairment (McClintock, Husain, Greer, & Cullum, 2010). 

Similarly, there is mixed literature about the impact of depression onset and severity on 

cognition (McClintock et al., 2010). In older adults, the prevalence of clinically significant 

depressive symptoms is estimated between 8% and 16% (Blazer, 2003) and 30% in people with 

dementia (Lyketsos et al., 2002). Though future studies are needed to better understand the 

relationship between depression and cognition, assessment of depression symptoms may be 

important in understanding cognitive performance.   
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Smoking  

Smoking is universally agreed to be detrimental to nearly every bodily organ (U.S. Department 

of Health and Human Services, 2014), including the brain, due to the abundant neurotoxic 

constituents (e.g., volatile organic compounds, free radicals, heavy metals, etc.), though nicotine 

content has been the source of some controversy. Cognition is differentially impacted by acute 

versus chronic nicotine use such that in nicotine naïve users, smoking may provide a cognitive 

boost in learning, attention, memory and executive functioning, but in chronic users may disrupt 

learning and memory (Campos, Serebrisky, & Castaldelli-Maia, 2016). Smoking and nicotine 

have been explored as they relate to neurodegenerative disorders, and some studies cite 

beneficial effects of nicotine, as it is the prototypical agonist of the nicotinic acetylcholine 

receptor, a commonly used target in several anti-dementia medications (Graham, Martin-Ruiz, 

Teaktong, Ray, & Court, 2002). Cochrane review of randomized control trails concluded that 

there was no conclusive evidence supporting the efficacy of nicotine as a treatment for 

Alzheimer's disease (Lopez-Arrieta, Rodriguez, & Sanz, 2000).  Similarly, when nicotine is 

ingested via cigarettes, the toxins and smoke are associated with increased cardiovascular risk 

(e.g., strokes), and cortical thinning (Cho et al., 2016).  

 

COMBINED EFFECTS 

Despite well-established independent effects between cognition and lifestyle/risk factors 

reviewed above, few studies have taken a holistic approach and examined the combined impact 

of two or more healthy lifestyle factors on risk of dementia or cognitive decline. Large 

metanalytic and review studies conclude that single domain (e.g., diet, exercise, etc.) intervention 

studies are effective at reducing new incidences of AD (Xu et al., 2015), but because certain 
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lifestyle behaviors tend to co-occur, research studies incorporating more than one lifestyle factor 

reflect a more realistic perspective of a person’s overall lifestyle (Mamalaki et al., 2020; 

Mawditt, Sacker, Britton, Kelly, & Cable, 2016). Though limited, there are some observational 

studies and intervention trials that have looked at the combined effects of multiple lifestyle 

factors (Anastasiou et al., 2018; Andrieu et al., 2017; Blumenthal et al., 2019; Bott et al., 2018; 

Karp et al., 2006; Li et al., 2018; Lourida et al., 2019; Mawditt et al., 2016; Ngandu et al., 2015; 

Norton et al., 2012; Scarmeas, Luchsinger, et al., 2009; Shakersain et al., 2018; Solomon et al., 

2018; Spencer, Jamrozik, Norman, & Lawrence-Brown, 2005; Visser et al., 2019). Large 

observational trials collect multiple domains of data, but are subject to self-report bias and 

greater measurement error. Intervention trials are particularly useful because they are well 

controlled though sometimes lack realistic behaviors or require expensive resources, which pose 

challenges to generalizability. Despite all of these challenges, it is worthwhile to look at how 

multiple factors impact cognition and incidence of dementia especially if the combined effects of 

lifestyle behaviors further slow cognitive decline and/or reduce rates of dementia compared to 

any one lifestyle factor alone.  

 

Previously published methods for combined lifestyle effects  

Observational studies have used diverse criteria for rating lifestyle behaviors because it is 

challenging to combine different variables measured on different scales into a meaningful data 

point. The common theme between the studies is that they create some kind of hierarchy and 

then compare across groups. For example, when looking at specific lifestyle factors, some 

studies use three groups: low, moderate, and high adherence to a diet protocol (Shakersain et al., 

2018), low, moderate, and intense activity for exercise (Shakersain et al., 2018), and no physical 
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activity, some physical activity, much physical activity for frequency of exercise (Scarmeas, 

Luchsinger, et al., 2009). Other studies create an overall health score or lifestyle rating score that 

combines multiple factors together into one number. For example, one study of Greek older 

adults (> age 65 designated as normal cognition; n=1450, MCI; n=206, or dementia; n=60) 

derived a Total Lifestyle Index which consisted of diet, physical activity, sleep, and ADL 

functioning (Anastasiou et al., 2018). For each of those four factors, a score of 0 was given when 

the value was in the first quartile of the distribution of each specific factor and a value of 1, 2 or 

3 was given when the value was within the second, third, or fourth quartile, respectively 

(Anastasiou et al., 2018). They then derived a sum score by adding the score of all four factors 

(ranging from 0-12), with higher values indicating an overall beneficial lifestyle (Anastasiou et 

al., 2018). In a similar approach, a lifestyle risk score was derived to predict mortality in a 

sample of 2,128 American adults aged 50-80 (cognition was not measured), which consisted of 

diet, smoking, physical activity, alcohol consumption, and BMI (Li et al., 2018). Participants 

scored a 1 if the factor was low risk and a 0 if it was high risk. The range was 0-5 with high 

scores representing lower risk lifestyle (Li et al., 2018). Another methodology, investigating 

health behaviors associated with mortality in 7,989 Australian men aged 65 to 83 years, was 

based on “prudent” lifestyle behaviors, including having either never smoked or having stopped 

smoking more than 1 year previously, engaging in a minimum of 3 hours of at least moderate 

physical activity weekly, having no more than two alcoholic drinks daily, eating fish at least 

three times weekly, eating meat less than five times weekly, never adding salt to food, having a 

self-reported body mass index (BMI) of 25.0 kg/m2 or less, and consuming reduced fat or skim 

milk, though no rationale was given for why these behaviors in particular were chosen (Spencer 

et al., 2005). Another study, consisting of 196,383 non-demented European adults over the age 
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of 60, incorporated both a polygenic risk score and lifestyle behavior score (consisting of no 

current smoking, regular physical activity, healthy diet, and moderate alcohol consumption) into 

three categories: favorable, intermediate, and unfavorable lifestyles (Lourida et al., 2019). In 

sum, there is clearly no standard way of defining healthy lifestyle, nor is there a standard way of 

measuring lifestyle (see Table 2 for previously published combined effects methodologies).  

 

Combined effects and incidence of cognitive disorders  

Individuals who have healthier “lifestyle scores” have been found to have reduced risk of 

neurodegeneration or slowed progression of disease. In a large population-based cohort study of 

individuals aged 60+, a favorable lifestyle (versus intermediate or unfavorable lifestyles) was 

associated with a lower dementia risk among participants (Lourida et al., 2019). Cognitively 

normal adults with a Total Lifestyle Index score in the upper quartile had a 43% decreased odds 

of low cognitive performance, which is equivalent to almost three fewer years of cognitive aging 

(Anastasiou et al., 2018). A similar six-year follow up study looked at the types of activities that 

older adults engaged in and found lower relative risk of dementia in non-demented older adults 

who engaged in activities that incorporated physical, mental and social aspects with the most 

beneficial effect seen for participants with high scores in two or more of the components (Karp et 

al., 2006), further supporting the beneficial impact of multiple healthy behaviors.  

 

Combined effects and biomarkers 

Lifestyle interventions and higher scores on healthy lifestyle indexes have been shown to reduce 

the risk of AD despite genetic predisposition. In a population-based cohort of individuals over 

age 60, a favorable lifestyle was associated with a lower dementia risk even among participants 
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with a high genetic risk of developing AD, suggesting that despite genetic predisposition, a 

healthy lifestyle was protective of decline (Lourida et al., 2019). Similarly, a multi-faceted 

lifestyle intervention afforded similar benefits to APOE ε4 + individuals and those without the 

AD genetic risk (Solomon et al., 2018). The combined effect of multiple lifestyle factors with 

other biomarkers (e.g., cortical thickness, hippocampal volume, glucose uptake, amyloid 

deposition, etc.) is lacking. Most studies involving biomarkers look at lifestyle factors 

individually. For example, one study of older adults with subjective cognitive complaints or mild 

cognitive impairment underwent PET scans to understand the relationship between deposition of 

amyloid and tau (measured via 2-(1-(6-[(2-[F-18]fluoroethyl)(methyl)amino]-2-

naphthyl)ethylidene)malononitrile; FDDNP) with BMI, Mediterranean diet adherence, and self-

reported physical activity (Merrill et al., 2016). Though all three of these lifestyle variables were 

examined in the same study, their relationship with FDDNP was examined individually (Merrill 

et al., 2016). Elevated levels of FDDNP binding corresponded with more pathology. Results 

revealed that MCI subjects with normal BMI had less FDDNP binding than individuals with 

overweight/obese BMI; MCI subjects who engaged in greater physical activity had less FDDNP 

binding compared to MCI subjects with less physical activity, and healthier diet, regardless of 

cognitive status, was related to lower FDDNP binding (Merrill et al., 2016). Future studies are 

needed to examine the effects of multiple lifestyle factors together on brain-based biomarkers.  

  

 

Cognition  

A healthy lifestyle positively impacts both global cognition and specific cognitive domains. 

Positive associations were found between the Total Life Index and memory, executive 

functioning, visuospatial abilities, and language domains, but not for attention and processing 
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speed (Anastasiou et al., 2018). Another study found improvements in a combined score of Trail 

Making Test, Digits Forward and Backwards, Stroop, Coding, Ruff 2 Naming, and Category 

Fluency, with a combination of aerobic exercise and DASH diet intervention (Blumenthal et al., 

2019). Similar results were found observationally: moderate-to-high adherence to the Nordic 

dietary pattern was associated with less decline in MMSE scores over time, but the association 

was stronger when combined with moderate-to-intense physical, mental, or social activities 

(Shakersain et al., 2018). The authors concluded that an active lifestyle strengthened the effect of 

healthy dietary pattern on cognitive function by two times, and further lowered risk of MMSE 

decline by 30% (Shakersain et al., 2018). Thus, an active lifestyle reinforces the effect of a 

healthy diet on cognitive function, and further decreases the risk of cognitive decline.  

 

Additional studies support the same overall pattern of findings of additive effects of multiple 

lifestyle factors. A graded relationship was observed between a greater number of healthful 

lifestyle factors (high vegetable intake, high fish intake, high physical activity, no current 

smoking, light to moderate alcohol consumption) and less decline in global cognition and story 

memory over a two-year period after adjusting for covariates (Weng et al., 2018). In a 

randomized control trial looking at DASH diet and aerobic exercise for six months in sedentary 

older adults with cognitive complaints but no dementia, the largest cognitive improvements were 

observed for participants randomized to the combined aerobic exercise and DASH diet group 

compared to the control group (Blumenthal et al., 2019). Similarly, in a two-year Finnish 

lifestyle intervention trial of at-risk older adults, those who were randomized into the 

intervention group, where they got dietary, exercise, and cognitive training along with vascular 

risk monitoring, were found to have significantly higher global cognition composite scores than 
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the control group, with the largest differences in executive functioning and processing speed 

(Ngandu et al., 2015). Executive functioning and processing speed along with verbal memory 

were also influenced by the combination of healthier diet (DASH) and increased physical 

activity (more steps on pedometer) (Blumenthal et al., 2017). 

 

Limitations with combined effects literature  

Though many studies support the idea that multiple lifestyle factors have combined effects on 

cognition and dementia, a relationship is not always found. Due to the variability in study design 

and variable measurement, it is difficult to know if these are genuine negative findings or instead 

due to methodological problems. For example, one multidomain intervention study found that 

polyunsaturated fatty acid supplementation, either alone or in combination with healthy diet, 

physical activity, and cognitive training interventions, had no significant effects on cognitive 

decline over three years in elderly people with memory complaints (Andrieu et al., 2017). These 

findings suggest opposite results compared to most studies, but the participants may have been 

too cognitively impaired to see benefit, the protocol may not have been the right type of 

intervention, or the time frame was not sufficient to see change. Intervention studies presented in 

the literature are often too short to know the true long-term effects of such intervention. For 

example, a diet and exercise randomized control intervention trial found benefits at six months 

(Blumenthal et al., 2019); however, it would be interesting to know the effects one, five, and ten 

years later. When studies do span a significant amount of time, adherence can become a problem, 

especially when older adults, who may have a memory impairment, are asked to deviate from 

routine and implement a new dietary regimen or exercise protocol. Despite these concerns, 
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studies have published adequate adherence in memory compromised cohorts (Blumenthal et al., 

2019).  

 

Another limitation is often the quality and quantity of the data. A few multi-domain lifestyle 

factor studies have been limited by minimal cognitive data (Scarmeas, Luchsinger, et al., 2009; 

Shakersain et al., 2018) whereas others have been limited to only one or two lifestyle factors 

(Blumenthal et al., 2019; Rege, Geetha, Broderick, & Babu, 2017). Others are exclusively cross-

sectional (Anastasiou et al., 2018). Many studies do not provide rationale for why certain factors 

are included in the Health Score and others focus on risk behaviors instead of health behaviors, 

which may have a different relationship to cognition. A further complicating matter is that a vast 

majority of the published lifestyle studies are performed outside of the United States or come 

from non-American cohorts. For whatever reason, lifestyle related studies are more prominent in 

other countries including Sweden (Karp et al., 2006; Shakersain et al., 2018), Finland (Ngandu et 

al., 2015), China/Taiwan (Weng et al., 2018), Canada (Hersi et al., 2017), Australia (Spencer et 

al., 2005), Greece (Anastasiou et al., 2018), and France, (Andrieu et al., 2017; Feart et al., 2009) 

to name a few, with unclear generalizability to American samples. Lastly, research involving 

combined lifestyle factors is still a relatively novel paradigm and still in the stage of optimizing 

adherence and refining study designs. Despite being a relatively new area, there is a need for 

large, multi-domain studies to elucidate the complex relationship between lifestyle behaviors and 

cognitive health. Studies specifically designed to measure the impact of healthy diet, regular 

exercise, adequate sleep, social interaction and stress management behaviors on cognitive aging 

are particularly necessary.  
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SUMMARY AND CASE FOR CURRENT PROJECT 

 

Overall, there is a wealth of literature looking at individual lifestyle factors (i.e., diet, physical 

activity, sleep, social interaction, stress) or risk factors (i.e., APOE status, depression, smoking, 

alcohol consumption) and aspects of brain health (e.g., incidence of dementia, biomarkers, 

cognition, etc.). Though measurement of each factor is heterogeneous, the preponderance of 

results supports unique contributions of each healthy lifestyle behavior on brain health. However, 

there are few studies that look at multiple lifestyle factors together. The goal of the current study 

was to advance the literature by examining several healthy lifestyle factors and risk factors 

together to determine whether a combination of multiple factors could better predict cognition 

and rate of decline in older adults. This study helps to determine the impact of health behaviors 

on cross-sectional and longitudinal cognition, inform patient care, and guide future research.  
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CHAPTER THREE: Aims & Hypotheses 

 

AIM 1  

To determine which lifestyle factors best predict cognition cross-sectionally.  

 

Hypothesis 1: There will be more than one lifestyle factor that significantly predicts global 

cognition. Specifically, more physical activity, more social activities, and less sleep 

fragmentation will be significant predictors of better cognition.  

Hypothesis 2: Physical activity (measured by actigraphy) will be a significant predictor in each 

of four cognitive domains (i.e., global cognition, verbal memory, processing speed, working 

memory). Specifically, higher physical activity will be associated with better cognition in each 

domain.  

Hypothesis 3: Diet (measured by MIND adherence) will be a significant predictor of verbal 

memory. Specifically, better diet adherence will be associated with better verbal memory.  

 

AIM 2  

To derive and compare different approaches to developing cross-sectional Health Scores (HS) 

that best predict global cognition at analytic baseline.  

 

Hypothesis 4: A Health Score incorporating lifestyle factors and risk factors will outperform a 

Health Score with fewer factors in predicting global cognition. 

Hypothesis 5: Health Scores incorporating lifestyle factors will better predict cognition than 

Health Scores incorporating risk factors alone. 
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AIM 3 

To understand the relationship between overall health (i.e., Health Score) and rate of cognitive 

change in each of four cognitive domains.  

 

Hypothesis 6—Global Cognition: There will be a statistically significant difference between 

rates of change in global cognition in individuals with Health Scores in the highest versus the 

lowest quartile. Specifically, a higher Health Score will be associated with a slower rate of 

cognitive decline. 

Hypothesis 7—Verbal Memory: There will be a statistically significant difference between 

rates of change in verbal memory in individuals with Health Scores in the highest versus the 

lowest quartile. Specifically, a higher Health Score will be associated with a slower rate of 

cognitive decline. 

Hypothesis 8—Processing Speed: There will be a statistically significant difference between 

rates of change in processing speed in individuals with Health Scores in the highest versus the 

lowest quartile. Specifically, a higher Health Score will be associated with a slower rate of 

cognitive decline.  

Hypothesis 9—Working Memory: There will be a statistically significant difference between 

rates of change in working memory in individuals with Health Scores in the highest versus the 

lowest quartile. Specifically, a higher Health Score will be associated with a slower rate of 

cognitive decline.
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CHAPTER FOUR: Method  

Rush University Medical Center’s NIA-funded Alzheimer’s Disease Center Memory and Aging 

Project (MAP) is a longitudinal, epidemiologic clinical-pathologic cohort study of common 

chronic conditions of aging with an emphasis on decline in cognitive and motor function and risk 

of Alzheimer's disease (Bennett et al., 2012). The MAP study began in 1997 with the goal of 

identifying postmortem indices linking genetic and environmental risk factors to the 

development of AD in the hope that such information would help provide a basis for rational 

nonpharmacologic and pharmacologic strategies to prevent AD (Bennett et al., 2005). As such, 

longitudinal lifestyle variables were prioritized in data collection. During annual visits, 

participants underwent detailed assessment of risk factors, blood donation, and detailed clinical 

evaluation.  

  

PARTICIPANTS 

Participants in the larger study were primarily recruited from continuous care retirement 

communities and churches. In order to increase diversity of the cohort, recruitment efforts 

additionally occurred in areas with subsidized housing and agencies serving minorities and low-

income elderly. Exclusion criteria were minimal and included first, that they did not have a 

known dementia diagnosis and second, that they understood the study included the Anatomical 

Gift Act (i.e., the donation of their brain, spinal cord, as well as selected nerves and muscles at 

the time of death). The individuals in the cohort were not excluded based on common health 

infirmities at baseline as the goal was to capture a community sample and minimize the healthy 

volunteer effect. In total, the overall sample consisted of 2,133 participants. For the present 

study, individuals with less than all five lifestyle variables (i.e., diet, physical activity, sleep 
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fragmentation, social activities, perceived stress) and/or missing cognitive data were excluded 

(n=1,666) resulting in 467 participants for the present study (see Figure 1).  

 

MEASURES 

Of the comprehensive array of medical, psychological, physiological, and demographic 

information available in the Rush study, the current project included four categories: cognition, 

healthy lifestyle behaviors, risk factors, and demographics. Cognition slopes and Health Scores 

were calculated specifically for this project and were not provided from the Rush database. 

Regardless of study entry date, the current study utilized data from each participant’s “analytic 

baseline,” defined as the first visit in which the participant had all variables of interest. The term 

“analytic baseline” will be used throughout to denote this time point.  

 

Cognition  

The Rush cognitive battery was comprised of twenty-one tests, nineteen of which were included 

in this study to assess five cognitive domains (Table 3). The remaining two tests included the 

MMSE (Folstein, Folstein, & McHugh, 1975) and Complex Ideas from the Assessment of 

Aphasia and Related Disorders (Goodglass & Kaplan, 1972) which were used to describe the 

sample and for diagnostic purposes. Individual tests within each domain are listed below. 

 

Episodic memory (7 measures): Measures included immediate and delayed recall of Story A 

from the Wechsler Memory Scale – Revised Logical Memory subtest (Wechsler, 1987) and of 

the East Boston Story (Albert et al., 1991; Wilson et al., 2002), and Word List Memory, Word 

List Recall, and Word List Recognition from the Consortium to Establish a Registry for 
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Alzheimer’s Disease (CERAD; Morris et al., 1989). Episodic memory was referred to as “Verbal 

Memory” for the current project. 

 

Semantic memory (3 measures): 15-item Boston Naming Test (Morris et al., 1989), (Kaplan, 

Goodglass, & Weintraub, 1983), Verbal Fluency (Categories: Animals & Fruits/Vegetables; 

Morris et al., 1989; Wilson et al., 2002), and a 15-item reading test (Wilson et al., 2002). 

 

Working memory (3 measures): Digit Span Forward and Digit Span Backward (WAIS-R; 

Wechsler, 1987)  

and Digit Ordering (Cooper & Sagar, 1993; Wilson et al., 2002).  

 

Perceptual speed (4 measures): Symbol Digit Modalities Test (Smith, 1984), Number 

Comparison (Ekstrom, Dermen, & Harman, 1976; Wilson et al., 2002), and two indices from a 

modified version of the Stroop Neuropsychological Screening Test (the number of color names 

correctly read aloud in thirty seconds minus the number of errors, and the number of colors 

correctly named in thirty seconds minus the number of errors) (Trenerry, Crosson, DeBoe, & 

Leber, 1989). This domain was referred to as “Processing Speed” for the current project. 

 

Visuospatial ability (2 measures): 15-item version of Judgment of Line Orientation (Benton, 

Varney, & Hamsher, 1978), and a 16-item version of Standard Progressive Matrices (Raven, 

1992) 
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Composite scores: The five cognitive domains (i.e., Verbal Memory, Semantic Memory, 

Working Memory, Processing Speed, and Visuospatial Ability) were derived via the 

convergence of hypothesized groupings and empirical groupings which were calculated from 

principal-component factor analysis with varimax rotation (Wilson, Barnes, & Bennett, 2003; 

Wilson et al., 2002). Each domain score was derived by converting raw scores from each test 

into a z-score, using the baseline mean and standard deviation, and then averaging the z-scores of 

the tests within each domain (Wilson et al., 2002). If a test was missing, the domain score was 

not calculated unless at least half of the tests within the domain had scores present, in which case 

the composite score was based on the available test scores (Wilson et al., 2002). A composite 

measure of Global Cognition was derived by averaging the z-scores of all tests as previously 

described (Bennett et al., 2005; Wilson et al., 2003). This value was calculated only if more than 

half of the nineteen neuropsychological tasks were collected.   

 

Cognitive rate of change (Cognition Slope): This variable was calculated for participants with 

three or more years of complete lifestyle and cognition data. Cognition rate of change (Cognition 

Slope) was calculated in Excel using the SLOPE function which derived the slope of the 

regression line using visit year on the x-axis and the corresponding cognition z-score score on 

the y-axis. Cognitive slopes that were greater than 3.5 standard deviations from the mean were 

excluded. This variable was calculated specifically for this study and was not provided by the 

Rush database.  
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Healthy Lifestyle Factors 

Overview: The specific variables chosen to represent each lifestyle domain in the present study 

were chosen intentionally. There have been many (about 40) prior studies published from this 

Rush cohort examining one healthy lifestyle factor (e.g., diet) and brain-health outcomes (e.g., 

risk of AD or cognitive score). Many Rush studies examined the effect of one lifestyle domain 

using several different variables to see which had the strongest relationship to the desired brain 

health outcome. The variable that was determined to have the strongest association was 

intentionally chosen for the current study. For example, in a study looking at multiple diet scores 

associated with cognition and rate of cognitive change (i.e., DASH diet, Mediterranean diet, and 

MIND diet), the MIND diet had a stronger association and was a better predictor of cognitive 

change than the other two diet scores in the study (Morris et al., 2015). Therefore, the MIND diet 

was selected as the variable to represent the “Diet” lifestyle factor for the current project. Similar 

papers were published for each of the other four lifestyle domains and are outlined below. 

Lifestyle variables were measured annually as part of the participants’ comprehensive visit.    

 

Diet: Diet was measured using a food frequency questionnaire (FFQ) where participants 

recorded their usual frequency of intake of 144 food items over the previous 12 months. Items 

included vitamins and mineral supplements, beverages, dairy products, main dishes, 

miscellaneous foods, bread and cereals, fruits and vegetables, and snack foods/desserts. The FFQ 

was analyzed and broken down into an interpretable report which included nutrient levels and 

total energy of each food item based either on natural portion sizes or according to age-specific 

portion sizes from national dietary surveys. From that report, a MIND diet score was derived 

from a summation of 15 diet components including healthy (e.g., vegetables, olive oil, fish, etc.) 
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and unhealthy foods (e.g., fried food, pastries, etc.; see Appendix A for full description). Each 

diet component was scored as 0, 0.5 or 1 based on frequency of consumption of that proportion. 

The total MIND diet score ranged from 0 to 15 with higher scores indicating greater diet 

concordance. The MIND diet was chosen as the “Diet” variable because it had a stronger 

association with cognition and was a better predictor of cognitive change than the DASH and 

Mediterranean diet scores (Morris et al., 2015). 

 

Physical Activity: Average total daily activity was measured via a portable actigraph (Phillips 

Respironics, Bend, OR) worn by participants for ten consecutive days; they were asked to keep 

the device on their person at all times. The Actical was a wristwatch-like accelerometer that 

continuously measured acceleration worn on the individual’s non-dominant hand. Average daily 

activity scores were calculated by summing the activity during each 24-hour period and 

averaging it across the ten days of data collection (or the number of days that the individual wore 

the Actical if less than ten). Total count was divided by 100,000 to facilitate presentation and 

interpretation of the results. The average daily activity score included exercise-related and non-

exercise-related physical activity. Higher levels of daily physical activity have been associated 

with a reduced risk of AD in the Rush sample (Buchman et al., 2012). The average total daily 

activity was chosen as the “Physical Activity” variable because it was the objective measure of 

physical activity available in the Rush database and has been found to be associated with the 

Global Cognition composite, whereas a self-report measure of physical activity was not 

associated with cognition (Buchman et al., 2012; Buchman et al., 2008). 
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Sleep Fragmentation: Sleep fragmentation is a measure of transitioning from a state of rest to a 

state of activity and was measured via the same actigraph used to collect the physical activity 

data (Phillips Respironics, Bend, OR). The actigraph was worn by participants for ten 

consecutive days but periods of four straight hours of complete inactivity was suspect for device 

removal and thus the full day (24-hour period) was excluded from analyses (Lim, Kowgier, et 

al., 2013). The device recorded activity counts for 1-second samples and then summed the counts 

into 15-second intervals called epochs. Each epoch was classified as resting (zero counts per 

epoch) or active (greater than zero counts per epoch). Runs of rest began with at least one epoch 

of rest and ended at the epoch before the first epoch of activity. Each run of rest began with an 

activity-to-rest transition and ended with a rest-to-activity transition. kRA was derived in prior 

Rush studies (Lim et al., 2011; Lim et al., 2012) and is the nomenclature used to represent the 

probability per epoch of having an arousal, as indicated by movement (i.e., a non-zero activity 

count), after a long (about five minute) period of rest (i.e., sleep). The higher the kRA the more 

quickly bouts of sleep/rest end in arousals and hence the greater the degree of sleep 

fragmentation (Lim, Kowgier, et al., 2013). kRA was calculated from the entire 24-hour period 

and captured sleep fragmentation both during day and night (i.e., daytime naps and nighttime 

sleep), though kRA was most heavily influenced by the time period in which the greatest amount 

of sleep occurs, which for most individuals was the night (Lim, Kowgier, et al., 2013). For 

comprehensive explanation of kRA calculation see (Lim et al., 2011). Overall, higher values of 

kRA represent more disrupted sleep and lower values of kRA represent more uninterrupted 

sleep. The kRA variable was chosen as the “Sleep” variable because high kRAs were associated 

with an increased risk of AD and faster rate of cognitive decline compared to low sleep 

fragmentation in the Rush sample (Lim, Kowgier, et al., 2013). kRA was also chosen because it 
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is an objective sleep measure, and not a subjective sleep measure like the Pittsburg Sleep Quality 

Index, as subjective sleep measures have not consistently been associated with cognition 

(Blackwell et al., 2011). 

 

Social Activities: Social activity was assessed using a 6-item scale (Mendes de Leon, Glass, & 

Berkman, 2003; Wilson et al., 2007) that asked how often during the past year participants 

engaged in common types of activities that involved social interaction (Appendix B). Each item 

was rated on a 5-point scale with higher values indicating more frequent participation. Item 

scores were averaged to yield the composite score which ranged from 0 to 30. Higher scores 

indicated more frequent social activity. The Social Activities variable was chosen as the “Social” 

variable because a previously published Rush paper suggested that socially active older adults 

experience less cognitive decline in old age compared to their less frequently socially active 

peers (James, Wilson, et al., 2011). The Social Activities variable, as opposed to other social-

related variables in the Rush ADC, was chosen because Social Activity was related to cognition, 

but social network size was not (Krueger et al., 2009). Social support was related to cognition, 

but access to that social variable was unavailable.  

 

Perceived Stress: Perceived stress was measured annually via self-report questionnaire asking 

about the past month. The questionnaire used was the 4-item Cohen's Perceived Stress Scale 

(PSS), which is an index of the degree to which a person finds their life “unpredictable, 

uncontrollable, and overloading.” Unlike many of the other self-report measures used in the 

present study, this perceived stress scale was not modified from its original form when 

incorporated into the Rush study; therefore, reliability and validity data from other studies can be 
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examined. The 4-item PSS was determined to have adequate internal reliability (r = 0.6) in an 

adult population and correlated more closely with questions asking about the past week than the 

prior year. Regarding construct validity, higher scores on the PSS were correlated with worse 

perceived health status and higher rates of serious illness but the PSS was only slightly related to 

health behaviors (i.e., higher PSS associated with less sleep, infrequent breakfast consumption, 

increased alcohol consumption, and increased usage and frequency of drugs; Cohen & 

Williamson, 1988). PSS was inversely related to life satisfaction.  

 

Participants were asked to rate the frequency at which they perceived stress in the past month 

using a 5-point rating scale (Appendix C). The overall score ranged from 0 to 4 and was the 

average of the individual item scores, with higher scores indicating greater levels of perceived 

stress. The Perceived Stress variable was chosen as the “Stress” variable because higher levels of 

perceived stress were associated with more rapid decline in Global Cognition compared to lower 

levels of perceived stress in African Americans from Rush’s Minority Aging Research Study 

(Turner et al., 2017). 

 

Risk Factors  

 

Alcohol Consumption: Alcohol use was measured at study entry via an alcohol questionnaire 

inquiring about annual alcohol use. From that questionnaire, daily grams of alcohol were 

calculated for each individual. Totals ranged from 0 to 234.6 grams, with higher values 

indicating greater alcohol consumption. For reference, 14 grams is approximately equal to a 

standard drink. 
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Smoking Status: Smoking status was assessed at study entry and categorized as current smoker, 

former smoker, or never smoker.  

 

Depression Symptoms: Depression was measured using a modified, 10-item version of the 

Center for Epidemiologic Studies Depression scale (CES-D; Appendix D) based on the 

individual’s experience of ten symptoms over the past week. The total score ranges from 0-10 

and represented the number of endorsed symptoms. Prior studies have found good sensitivity, 

specificity, and positive predictive value using a cutoff score of  > 4 in older adults (Irwin, Artin, 

& Oxman, 1999; Kohout, Berkman, Evans, & Cornoni-Huntley, 1993). 

 

APOE ε4 Status: APOE genotyping was derived from serum analysis and the two-allele 

combination was recorded for each participant. APOE ε4 status was treated as a categorical 

variable (i.e., 0, 1 or 2 copies of the ε4 allele) for the regression analyses. 

 

Body Mass Index: BMI was calculated using the formula of weight in kilograms divided by 

height in meters squared. The Center for Disease Control categorizes BMI as underweight, 

healthy weight, overweight, class 1 obesity, class 2 obesity, and class 3 obesity. These categories 

were set at BMI less than 18.5, 18.5 to 24.9, 25 to 29.9, 30 to 34.9, 35 to 40, greater than 40, 

respectively.  

 

 

Health Scores  

In order to assess the combined effects of multiple factors, four “Health Scores” were derived. 

The Health Scores were not in the Rush database but were calculated specifically for this project 
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based on each participant’s analytic baseline. First, lifestyle factors and risk factors were 

assigned point-values where, in general, higher values correspond with greater health. Second, 

Health Scores were derived based on a-priori combinations. Third, Health Scores were assigned  

categories.  

 

Point-value assignment: A score of 4, 3, 2, and 1 was assigned for values in the fourth, third, 

second, and first quartile for Diet, Physical Activity, and Social Activities. Sleep Fragmentation 

and Perceived Stress were negatively oriented (i.e., higher scores indicated worse sleep and more 

stress) and treated differently. For Sleep Fragmentation, scores of 4, 3, 2, and 1 were assigned for 

values in the first, second, third, and fourth quartile, respectively. For Perceived Stress, due to 

the narrow range of raw scores, points were assigned based on the measure’s raw summary 

score. Raw scores between 0 to 0.9, 1 to 1.9, 2 to 2.9, and 3 to 4 were assigned 4, 3, 2, and 1 

points, respectively. Due to the limited distribution of alcohol consumption, a score of 4 was 

assigned to those who did not drink alcohol (0 grams), a score of 3 was assigned to those who 

had on average less than one drink per day (0.01 to 13.99 grams), a score of 2 was assigned to 

those who had one to two drinks per day (14 to 28 grams), and a score of 1 was assigned to 

individuals consuming more than two drinks per day (>28 grams). For depression, a score of 4, 

3, 2, or 1 was assigned for CES-D scores ranging from 0, 1-3, 4-6, and 7-10, respectively. For 

smoking, due to the limited categories, 2 points was not assigned. However, a score of 4 was 

assigned to “never smoker,” 3 was assigned to “past smoker,” and 1 was assigned to “current 

smoker.” APOE combinations were allocated points based on odds ratios of developing 

Alzheimer’s disease (Farrer et al., 1997). Four points were assigned to ε2/ε2 and ε2/ε3, 3 points 

were assigned to ε3/ε3, 2 points were assigned to ε2/ε4 and ε3/ε4, and 1 point was assigned to 



 

 

66 

 

ε4/ε4. Regarding BMI, 4 points were assigned to Healthy Weight (BMI: 18.5 to 24.9), 3 points 

were assigned to Underweight (BMI: < 18.5) and Overweight (BMI: 25 to 29.9), 2 points were 

assigned to Class 1 Obesity (BMI: 30 to 34.9), and 1 point was assigned to Class 2 (BMI: 35 to 

39.9) and Class 3 (BMI: 40+) Obesity. See Table 4 for a visual representation of point-value 

assignment. 

 

A-priori Health Score Combinations: The Health Scores (HS) are summary scores, where higher 

scores indicate greater health. Four Health Score groupings were selected in order to capture 

different approaches to combining factors into a composite score (Table 5). Specifically, HS1 

takes a scientific approach and includes the significant predictors identified in Aim 1. HS2 takes 

a lifestyle/health approach and includes the five lifestyle factors (i.e., Diet, Physical Activity, 

Sleep Fragmentation, Social Activities, Perceived Stress). HS3 takes a risk/disease approach and 

includes the five risk factors (i.e., alcohol use, depression symptoms, smoking status, APOE ε4 

status, BMI). Lastly, HS4 takes a comprehensive approach and includes all five lifestyle factors 

and all five risk factors.  

 

Averaged Health Score: As a hypothetically more stable measure of lifestyle behaviors, an 

Averaged Health Score was derived. This score was derived for individuals with three or more 

years of complete lifestyle and cognition data. The Averaged Health Score was calculated by 

summing the Health Scores derived at each visit and then dividing by the number of visits with 

available data.  
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Health Score Categories: Health Scores were designated as “Favorable,” “Moderately 

Favorable,” “Minimally Favorable,” and “Unfavorable” corresponding with the fourth, third, 

second, and first quartile, respectively. 

 

Demographics  

Demographic factors known to have associations with cognition were examined in this study and 

included age, education, sex, early life socioeconomic status (SES), and diagnosis all at analytic 

baseline. 

 

Age: Age was documented at each visit. In analyses incorporating multiple time points, the age 

at analytic baseline was used.   

 

Education: Years of education was measured as the number of years of regular school reported at 

study entry. Education was capped at 20 years.  

 

Sex: Participants’ sex was recorded as either male or female. For all analyses, males were coded 

as 1, females were coded as 0.  

   

Early Life Socioeconomic Status (SES): This variable is a composite index based on three 

indicators of household SES including paternal education (in years), maternal education (in 

years), and number of children in the family. Maternal and paternal education variables were 

converted into z-scores. The number of children was multiplied by -1 and then converted into a 

z-score. Finally, the three z-scores were averaged to create the composite measure of early life 
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SES. Prior studies noted early life SES is associated with late-life cognition, but not rate of 

cognitive decline or risk of AD (Wilson et al., 2005). 

 

Diagnosis: Diagnoses were rendered at every study visit but the diagnosis at analytic baseline 

was used in the present study. Though a dementia diagnosis was an exclusion criterion at study 

entry, some individual did have an AD diagnosis at analytic baseline and were not excluded from 

the present study in order to capture cognitive variability in this aging sample. Diagnoses were 

determined based on cognitive test scores (i.e., 19 neuropsychological tests), a 

neuropsychologist’s designation of impairment, and a clinician’s (i.e., neurologist, geriatrician, 

or geriatric nurse practitioner) review of all available data. Clinical diagnosis of dementia and 

clinical Alzheimer’s dementia were based on criteria of the joint working group of the National 

Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease 

and Related Disorders Association (NINCDS/ADRDA; McKhann et al., 1984). The diagnosis of 

Alzheimer’s dementia required evidence of a meaningful decline in cognitive function relative to 

a previous level of performance with impairment in memory and at least one other area of 

cognition. Diagnosis of mild cognitive impairment (MCI) was rendered for persons who were 

judged to have cognitive impairment by the neuropsychologist but were judged to not meet 

criteria for dementia by the physician. Persons diagnosed with MCI or Alzheimer’s dementia 

could also be diagnosed with another condition that contributed to their cognitive impairment 

(MCI+ or AD+), but for the present study, these individuals were combined into the MCI and 

AD group, respectively. Persons without dementia or mild cognitive impairment were 

categorized as having no cognitive impairment (NCI). The above variables were coded as 

follows: NCI=1, MCI=2, AD=3.  
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DATA ANALYSIS 

All analyses were calculated using Microsoft Excel version 16.30 and SPSS version 26. 

Statistical significance was set at p<.05 unless otherwise noted. Power analyses were conducted 

using Power Analysis and Sample Size Software (PASS, 2019).  

 

Aim 1 

To determine which factors best predict cognition, all factors including lifestyle factors (i.e., diet, 

physical activity, sleep, social activities, and perceived stress), risk factors (i.e., alcohol use, 

smoking status, BMI, APOE ε4 status, and depression symptoms) and demographic factors (i.e., 

age, education, sex, early life SES, and diagnosis) were entered into separate stepwise multiple 

linear regression analyses predicting each cognitive domain (1-global cognition, 2-verbal 

memory, 3-processing speed, 4-working memory) at first year of available data. 

 

Aim 2 

To derive and compare different approaches to developing cross-sectional Health Scores that 

best predict global cognition at analytic baseline, multiple linear regression analyses were 

performed for each of the four Health Scores, predicting global cognition. Demographic 

variables at analytic baseline (i.e., age, education, sex, early life SES, diagnosis) were included 

as covariates. The models were compared using Meng’s Test of Two Correlated Correlations to 

determine which approach (i.e., which Health Score) best predicted cognition. Meng’s Test 

detects significant differences between two models, but R-squared values and beta weights were 

additionally examined to determine the “best” approach to predicting cognition.  
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Aim 3 

The Health Score determined to be the best cross-sectional predictor of cognition in Aim 2 was 

categorized on the Favorable to Unfavorable scale. A between subjects one-way analysis of 

covariance (ANCOVA) analysis was performed to determine differences in rate of cognitive 

change between the Health Score categories. A second analysis was performed using the 

Averaged Health Score. These two analyses were performed for each of the four cognitive 

domains. 
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CHAPTER 5: Results 

SAMPLE CHARACTERISTICS 

A total of 467 participants with available data for all five lifestyle variables at a single time point 

were included in this study. For participants who had all five lifestyle factors at multiple time 

points, the first time point with data was used as their analytic baseline. On average, the sample 

was mostly white (95%), female (73%), highly educated (Medu; SD= 15 years; 2.7), non-

cognitively impaired (NCI; 77%) older adults (Mage; SD= 83; 7.1). There were n=361 NCI, n=94 

(20% of the overall sample) with MCI and n=12 (3% of the overall sample) with AD (Figure 1). 

The MCI and AD groups combined into an “Impaired” group were on average 5 years older than 

the NCI group (Mage: 87 vs 82 years) but were included in the analyses to increase sample size 

and compare diagnostic groups. The overall sample had low depression scores (MCES-D; SD 

=1.04; 1.63), low alcohol consumption (Malcohol(g); SD = 6.02; 13.6), relatively few current 

smokers (<3%), and an average BMI in the overweight range (MBMI; SD= 26.7; 5.2). Diet, 

physical activity, social interaction, sleep fragmentation, and perceived stress had mean and 

standard deviations as follows: diet= 7.6 (1.9); physical activity= 2.7 (1.5); sleep fragmentation= 

0.030 (0.007); social activities= 2.57 (0.60); perceived stress= 2.07 (0.46). Regarding cognition, 

all domains had a positive z-score (Mean (SD); global cognition= 0.13 (0.56); verbal memory= 

0.25 (0.73); processing speed= 0.03 (0.79)) except for Working Memory (0.002 (0.73)). See 

Table 6 for full demographic descriptive data.  

 

AIM 1 REGRESSION RESULTS  
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Stepwise multiple linear regression was performed to determine which factors significantly 

predicted cognition. For each cognitive domain, all demographic variables (i.e., age, education, 

sex, early life SES, diagnosis), risk factors (i.e., APOE ε4 status, depression symptoms, alcohol, 

smoking, BMI), and lifestyle factors (i.e., diet, physical activity, sleep fragmentation, social 

activities, and perceived stress) were entered into the model. In the initial stepwise model for 

each cognitive domain, predictors significant at p<0.2 were included as potential variables in the 

final model. The final models included only the factors significant at p<0.05. Diagnosis was an 

ordinal variable coded as 1= no cognitive impairment, 2=MCI, 3=AD.  Males were coded as 1, 

females were coded as 0.  

  

Global Cognition  

The final model for global cognition resulted in an R2 of 0.542 and an Adjusted R2 of 0.537 (F(5, 

461)=109.15;  p< 0.001). Significant predictors (p<.05) included age (B= -0.019; 95% CI: -0.024 

to -0.013), education (B= 0.060; 95% CI: 0.047 to 0.073), sex (B= -0.152; 95% CI: -0.231 to -

0.072), social activities (B= 0.077; 95% CI: 0.015 to 0.0139), and diagnosis (B= -0.580; 95% CI: 

-0.655 to -0.505). Higher global cognition was significantly predicted by younger age, more 

education, female sex, more social activities, and “no cognitive impairment.”  The initial model 

is presented in Table 7 and the final model is presented in Table 8.  

 

Verbal Memory 

The final model for verbal memory resulted in an R2 of 0.478 and an Adjusted R2 of 0.473 (F(4, 

461)= 105.46;  p< 0.001). Significant predictors (p< 0.05) included age (B= -0.019; 95% CI: -

0.026 to -0.012), education (B= 0.055; 95% CI: 0.037 to 0.072), sex (B= -0.297; 95% CI: -0.405 
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to -0.186), and diagnosis (B= -0.801; 95% CI: -0.902 to -0.700). Higher verbal memory was 

significantly predicted by younger age, more education, female sex, and “no cognitive 

impairment.”  The initial model is presented in Table 9 and the final model is presented in Table 

10.  

 

Processing Speed  

The final model for processing speed resulted with an R2 of 0.339 and an Adjusted R2 of 0.330 

(F(6, 452)= 38.56;  p< 0.001). Significant predictors (p< 0.05) included age, (B= -0.031; 95% 

CI: -0.040 to -0.022), education (B= 0.045; 95% CI: 0.023 to 0.067), sex (B= -0.206; 95% CI: -

0.343 to -0.069), depression (B= -0.046; 95% CI: -0.084 to -0.009), social activities (B= 0.168; 

95% CI: 0.061 to 0.275), and diagnosis (B= -0.488; 95% CI: -0.619 to -0.357). Faster processing 

speed was significantly predicted by younger age, more education, female sex, less depression 

symptoms, more social activities, and “no cognitive impairment” diagnosis. The initial model is 

presented in Table 11 and the final model is presented in Table 12.  

 

Working Memory  

The final model for working memory resulted with an R2 of 0.178 and an Adjusted R2 of 0.171 

(F(4, 457)= 24.75;  p< 0.001). Significant predictors (p< 0.05) included education (B= 0.045; 

95% CI: 0.020 to 0.069), early life SES (B= 0.108; 95% CI: 0.015 to 0.201), diet (B= 0.036; 

95% CI: 0.003 to 0.070), and diagnosis (B= -0.445; 95% CI: -0.573 to -0.318). Higher working 

memory was significantly predicted by more education, higher early life SES, higher diet 

adherence, and “no cognitive impairment” diagnosis. The initial model is presented in Table 13 

and the final model is presented in Table 14.  
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Post Hoc Aim 1 Exploratory Results  

Given the consistent, and not surprising, relationship between cognition and diagnosis, post-hoc 

analyses were performed to explore the predictive abilities of demographic, lifestyle and risk 

factors on global cognition, the other cognitive domains were not analyzed, for the non-impaired 

group (NCI) and the impaired group (MCI and AD) separately. For the NCI group (n=357), the 

significant factors predicting global cognition were very similar to that of the full sample 

analysis for global cognition. The final model for the NCI group resulted in a R2 of 0.305 and an 

Adjusted R2 of 0.295 (F(5, 351)=30.84; p< 0.001). Significant predictors (p< 0.05) included age 

(B= -0.018; 95% CI: -0.024 to -0.013), education (B= 0.053; 95% CI: 0.037 to 0.068), sex (B= -

0.171; 95% CI: -0.264 to -0.079), early life SES (B= 0.073; 95% CI: 0.012 to 0.134), and social 

activities (B= 0.081; 95% CI: 0.010 to 0.153). Younger age, higher education, female sex, higher 

early life SES, and more social activities were all significant predictors (Table 15). Interestingly, 

the impaired group had appreciably different results. The final model for the impaired group 

(n=97) resulted in a R2 of 0.299 and an Adjusted R2 of 0.269 (F(4, 92)=9.82; p< 0.001). 

Significant predictors (p<.05) included education (B= 0.063; 95% CI: 0.030 to 0.095), BMI (B= 

0.026; 95% CI: 0.006 to 0.045), diet (B= 0.071; 95% CI: 0.023 to 0.118), and physical activity 

(B= 0.094; 95% CI: 0.034 to 0.154). Higher education, higher BMI, better diet adherence, and 

higher physical activity were all significant predictors in the impaired group (Table 16).   

 

AIM 2 REGRESSION RESULTS  

Multiple linear regression was performed to determine the predictive ability of each Health Score 

on global cognition at analytic baseline. Each model consisted of one Health Score and four 
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demographic covariates (i.e., age, education, sex, early life SES, diagnosis). All models were 

significantly predictive of global cognition (p< 0.05); age, education, sex, and diagnosis were 

also significant in each of the four models, but early life SES was non-significant and thus 

removed from the final models (see Table 17, Table 18, Table 19, & Table 20). HS1, HS2, and 

H4 were significant predictors in their respective models, however, HS3 (the Risk/Disease 

approach) was not a significant predictor in the HS3 model (β=.001; p=0.925). Subsequently, a 

Meng Test for model comparisons (Meng, Rosenthal, & Rubin, 1992) was performed to compare 

the Health Score regression models with one another to determine significant differences in the 

predictive ability of global cognition (Table 21). HS1 was significantly different from HS3 (z= 

4.737; p<.001) but was not significantly different from HS2 (z= -1.572; p= 0.116) or HS4 (z= 

1.283; p=0.200). HS2 was significantly different from HS3 (z= 6.036; p< 0.001) and HS4 (z= 

4.900; p< 0.001). HS3 was significantly different from HS4 (z= -6.159; p<0.001). 

 

Post Hoc Aim 2 Exploratory Results  

Diagnosis was a significant predictor in all models so additional post-hoc analyses were 

performed looking at the NCI and the impaired groups separately. All models were significantly 

predictive of global cognition (p< 0.05), with age, education, sex, and early life SES significant 

in each of the four models (see Table 22, Table 23, Table 24, and Table 25). HS1, HS2, and H4 

were significant predictors in their respective models; however, HS3 was not a significant 

predictor in the HS3 model (B=0.008; p=0.520). For the impaired group, all models were 

significantly predictive of global cognition (p< 0.05); however, the covariates were slightly 

different across models. Age and education were the covariates for the HS1, HS2, and HS4 

models; sex was additionally included in the HS3 model (see Table 26, Table 27, Table 28, and 
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Table 29). HS2 was the only significant predictor in its model (B=0.042; p=0.039) while HS1 

(B=0.026; p=0.573), HS3 (B=-0.034; p=0.278), and HS4 (B=0.022; p=0.177) were not 

significant.  

 

An additional analysis was performed which involved re-coding HS1 to be consistent with a 

data-driven approach of significant predictors for the impaired group (i.e., diet, physical activity, 

and BMI instead of social activities). The model including the re-coded HS1 (i.e., HS1-Im) was 

significant (p< 0.05), again driven by the covariates, but HS1-Im was not a significant predictor 

(B=0.039; p=0.087; Table 30).  

 

AIM 3 RESULTS  

Overview  

Of the 467 participants with lifestyle data at analytic baseline, 112 participants had longitudinal 

cognitive assessments which were included in the analysis for Aim 3 (i.e., three or more years; 

mean years ± SD; range: 3.72 ± 0.80; 3-6 years). Compared to the full sample, the subset of 112 

participants had slightly younger participants (average age of 82 versus 83 years old), the same 

average years of education (15 years), higher percentage of females (77% versus 73%), a tighter 

SES range (3.52 versus 4.16), and slightly higher percentage of APOE ε4 carriers (21% versus 

20%). Regarding diagnosis, there were 94 participants with NCI, 18 participants with MCI, and 0 

participants with AD which corresponded with 84%, 16%, and 0%, respectively, whereas the full 

sample had 77% NCI, 20% MCI, and 3% AD. All risk factors were nearly the same between the 

subset of 112 and the full sample (i.e., subset versus full sample; alcohol consumption: 5.58 

grams versus 6.02 grams; percent past/current smokers: 37.5% versus 38.5%; depression 
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symptoms: 0.78 versus 1.04; BMI: 26.41 versus 26.7). For Lifestyle Factors, the subset had 

slightly better MIND diet adherence (7.9 versus 7.6) and slightly more physical activity (3.0 

versus 2.7) and social activities (2.70 versus 2.57), but the same sleep fragmentation (0.028 

versus 0.03) and perceived stress (2.06 versus 2.07). 

 

Given that HS2 demonstrated a slightly, though not statistically, larger R-squared value in Aim 2 

results and larger range, HS2 was used for the Aim 3 analyses. The possible range for the 

analytic baseline HS2 was 6 to 20 points, however the actual scores did not span the full range 

(min value=6; max value=17; see Table 5). HS2 scores were divided into quartiles at analytic 

baseline and labeled as Unfavorable (first quartile; 6 to 11.1), Minimally Favorable (second 

quartile; 11.1 to 12.1), Moderately Favorable (third quartile; 12.1 to 13.1) and Favorable (fourth 

quartile; 13.1 to 17. Table 31 provides average slopes and standard deviations for each analytic 

baseline HS category. Averaged HS2 scores ranged from 8.6 to 16 and were similarly 

categorized by quartile into Unfavorable (8 to 11.1), Minimally Favorable (11.1 to 12.18), 

Moderately Favorable (12.18 to 13.61), and Favorable (13.61 to 16). Table 32 provides 

cognitive change score means and standard deviations for averaged HS for each category. A 

between subjects one-way analysis of covariance (ANCOVA) was performed, separately, for 

each cognitive domain (i.e., global cognition, verbal memory, processing speed, working 

memory) both at analytic baseline (Table 33) and using the Averaged Health Score (Table 34). 

Initial models included covariates (i.e., age, education, sex, early life SES, diagnosis) significant 

at p< 0.15 but covariates were excluded in the final model if not significant at p< 0.05.  
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Global Cognition  

One participant with a slope greater than 6 standard deviations from the mean was excluded from 

the global cognition analyses since the inclusion of this score was found to influence the results. 

With the outlier excluded (n=111), the overall global cognition slope of the sample was negative 

(mean ± SD; range: -0.0381 ± .079; -0.2675 to 0.1404). All five covariates were removed from 

the final models as none were significant predictors. Using the analytic baseline Health Score, 

the ANOVA examining rate of cognitive change between the HS2 categories was significant 

(F(3,107)=2.84; p=0.042) with the following global cognition slopes: Unfavorable (mean slope ± 

SD; -0.049 ± 0.068), Minimally Favorable (-0.070 ± 0.071), Moderately Favorable (-0.029 ± 

0.096), and Favorable (-0.013 ± 0.071; see Figure 2). There were no post hoc, pairwise, 

significant differences between the Health Score categories. Using the Averaged Health Score, 

the ANOVA was not significant (F(3,107)=2.05; p=.111) with the following global cognition 

slopes: Unfavorable (mean slope ± SD, -0.057 ± .081), Minimally Favorable (-0.049 ± 0.075), 

Moderately Favorable (-0.039 ± 0.079), and Favorable (-0.010 ± 0.077; see Figure 3). Both 

analyses were underpowered. Observed power was 0.666 with an effect size of d=0.277 and 

0.513 with an effect size of d=0.230 for the analytic baseline and averaged analyses, 

respectively. A total of 147 subjects (37 additional cases) or 212 subjects (101 additional cases) 

would have been needed to achieve 80% power with the same effect size for each analysis, 

respectively. 

 

Verbal Memory 

The overall verbal memory slope of the sample was negative (mean ± SD; range: -0.046 ± 0.138; 

-0.502 to 0.257). All five covariates were removed from the final model as none were significant 
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predictors. Using the analytic baseline Health Score, the ANOVA examining rate of cognitive 

change between the HS2 categories was not significant (F(3,108)=2.36; p=.076) with the 

following verbal memory slopes: Unfavorable (mean slope ± SD; -0.078 ± 0.149), Minimally 

Favorable (-0.079 ± 0.144), Moderately Favorable (-0.043 ± 0.143), and Favorable (0.002 ± 

0.111; see Figure 2). Using the Averaged Health Score, the ANOVA was not significant 

(F(3,108)=1.16; p=.327; see Table 34) with the following verbal memory slopes: Unfavorable 

(mean slope ± SD, -0.082 ± 0.152), Minimally Favorable (-0.045 ± 0.132), Moderately 

Favorable (-0.040 ± 0.131), and Favorable (-0.016 ± 0.135; see Figure 3). Both analyses were 

underpowered. Observed power was 0.578 with an effect size of d=0.249 and 0.306 with an 

effect size of d=0.172 for the analytic baseline and averaged analyses, respectively. A total of 

184 subjects (72 additional cases) or 376 subjects (264 additional cases) would have been needed 

to achieve 80% power with the same effect size for each analysis, respectively. 

 

Processing Speed 

Two participants were excluded from the processing speed analyses. One participant had only 

two years of processing speed data and the other was excluded due to a slope greater than 9 

standard deviations from sample mean which was found to influence the results. With those two 

participants excluded (n=109), the overall Processing Speed slope of the sample was negative 

(mean ± SD; range: -0.069 ± 0.114; -0.4724 to 0.1905). All five covariates were removed from 

the final model as none were significant predictors. Using the analytic baseline Health Score, the 

ANOVA examining rate of cognitive change between HS2 categories was not significant 

(F(3,105)=0.645; p=0.588) with the following Processing Speed slopes: Unfavorable (mean 

slope ± SD,  -0.061 ± 0.122), Minimally Favorable (-0.091 ± 0.116), Moderately Favorable (-
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0.049 ± 0.112), and Favorable (-0.077 ± 0.111; see Figure 2). Using the Averaged Health Score, 

the ANOVA was not significant (F(3,105)=1.44; p=.236) with the following Processing Speed 

slopes: Unfavorable (mean slope ± SD, -0.067 ± 0.133), Minimally Favorable (-0.103 ± 0.090), 

Moderately Favorable (-0.076 ± 0.135), and Favorable (-0.040 ± 0.092; see Figure 3). Both 

analyses were underpowered. Observed power was 0.181 with an effect size of d=0.137 and 

0.371 with an effect size of d=0.201 for the analytic baseline and averaged analyses, 

respectively. A total of 588 subjects (479 additional cases) or 276 subjects (167 additional cases) 

would have been needed to achieve 80% power with the same effect size for each analysis, 

respectively. 

 

Working Memory 

One participant was excluded from the working memory analyses due to a slope greater than 6 

standard deviations from sample mean which was found to influence the results. With the outlier 

excluded (n=111), the overall Working Memory slope of the sample was negative (mean ± SD; 

range: -0.036 ± 0.118; -0.3747 to 0.4614). Four of the five covariates were removed from the 

final model as these were not significant predictors. Age was a significant predictor of Working 

Memory at analytic baseline (p=0.004) and using the averaged Health Score (p=0.007) and 

remained in the models. Using the analytic baseline Health Score, the ANCOVA examining rate 

of cognitive change between HS2 categories was significant (F(4,106)=3.61; p=0.009); however, 

the Health Score categories was not a significant predictor (p=0.182) with the following Working 

Memory slopes: Unfavorable (mean slope ± SD, -0.036 ± 0.118), Minimally Favorable (-0.041 ± 

0.141), Moderately Favorable (0.014 ± 0.123), and Favorable (0.019 ± 0.130; Figure 2). Using 

the Averaged Health Score, the ANCOVA was significant (F(4,106)=3.63; p=.008), however the 
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Health Score category was not a significant predictor (p=.175) with the following Working 

Memory slopes: Unfavorable (mean slope ± SD, -0.043 ± 0.114), Minimally Favorable (0.003 ± 

0.120), Moderately Favorable (-0.032 ± 0.120), and Favorable (0.034 ± 0.151; Figure 3). When 

excluding the age covariate, both analyses were underpowered. Observed power was 0.438 with 

an effect size of d=0.228 and 0.542 with an effect size of d=0.212 for the analytic baseline and 

averaged analyses, respectively. A total of 216 subjects (105 additional cases) or 248 subjects 

(137 additional cases) would have been needed to achieve 80% power with the same effect size 

for each analysis, respectively. 
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CHAPTER 6: Discussion  

This project aimed to better understand the relationship between lifestyle factors and cognitive 

aging. This was accomplished by 1) examining the ability of individual demographic, risk, and 

lifestyle variables to predict cognition; 2) creating Health Scores comprised of different 

combinations of lifestyle and risk factors and assessing the predictive ability of these scores on 

cognition; and 3) comparing the rate of cognitive change (decline) between varying degrees of 

health. Aim 1 showed that primarily demographic factors and diagnosis predicted cognition; 

however, social activities and diet were lifestyle factors found to be significant in some analyses. 

Aim 2 demonstrated that a Health Score incorporating healthy lifestyle factors better predicted 

cognition than a Health Score incorporating risk factors alone. From Aim 3, though the sample 

size was significantly reduced and the analysis was underpowered, there was a trend towards 

slower global cognitive decline in individuals with more favorable lifestyle behaviors, in a dose 

dependent manner. The below discussion provides further explanation of the results.  

 

PREDICTORS OF COGNITION (AIM 1) 

 

Of the fifteen predictors entered into each model, fewer lifestyle variables than expected 

demonstrated significant predictive ability. As evident, demographic factors and diagnosis were 

consistently predictive while only social activities (for global cognition and processing speed), 

diet (for working memory), and depression (for processing speed) emerged as non-demographic 

predictors. The importance of demographic factors was unsurprising given their well-established 

link to cognition and interestingly, the present sample had a notably older mean age (i.e., 83) 

compared to other lifestyle studies with participant mean ages in the 60s and 70s (Anastasiou et 
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al., 2018; Lourida et al., 2019; Shakersain et al., 2018; Spencer et al., 2005; Visser et al., 2019). 

Similar to the present study, previous studies also found weaker association between cognition 

and health-related factors than demographic factors. For example, the Asset and Health 

Dynamics of the Oldest-Old study, a study of American older adults with common health 

problems (i.e., high blood pressure, heart disease, diabetes, lung disease, and stroke) 

demonstrated that demographic variables most strongly predicted performance on all cognitive 

scores (e.g., immediate and delayed recall of word list, orientation questions, working memory, 

etc.) while health variables had significant betas, but with notably smaller weights (Zelinski & 

Gilewski, 2003). Moreover, the Advanced Cognitive Training for Independent and Vital Elderly 

(ACTIVE) study, a community sample of non-demented older adults, also found larger beta 

weights for demographic factors compared to medical factors (e.g., diabetes) in a multivariate 

regression model (Rexroth et al., 2013).  

 

Early life socioeconomic status was another demographic factor that was significantly predictive 

of cognition in the current study. This body of literature is much less developed than other 

demographic variables (e.g., age, education, sex); however, it is rapidly emerging given national 

priority on limiting health disparities and working towards health equity, especially among older 

(Carnethon, Kershaw, & Kandula, 2019; Hodes & Bernard, 2020). The results of the present 

study support prior findings in that early life SES was linked to late life cognition but not 

cognitive decline (Greenfield & Moorman, 2019). Greenfield et al. found early life SES 

predictive of verbal fluency, but not verbal memory, while the present study found early life SES 

predictive of working memory, but not verbal memory or processing speed. Similarly, the 
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present study found that though early life SES may be an important cognitive predictor cross-

sectionally, it does not seem to have predictive ability for rate of cognitive decline.  

 

Though less prominent than the demographic factors, lifestyle factors and risk factors were 

significantly predictive of cognition in the present study. Higher frequency of social activities 

was a significant predictor of better global cognition and faster processing speed in the full 

sample. These results partially replicate findings from a study of the same general MAP cohort 

but using study entry instead of analytic baseline. James and colleagues found increased social 

activities to be cross-sectionally associated with global cognition but not with verbal memory, 

processing speed, or working memory (James, Wilson, et al., 2011). Interestingly, there was a 

significant time by social activities interaction effect for all cognitive domains, suggesting that 

increased social activities were consistently associated with reduced cognitive decline (James, 

Wilson, et al., 2011). It is well known that individuals may become withdrawn as cognition 

worsens, so perhaps the social activities measure was capturing a consequence of decline and not 

actually predicting it. Though more work is certainly needed to understand the link between 

social activities, cognition, and cognitive decline, our findings are in line with prior work 

showing social interaction as an important factor for cognitive outcomes (Katz et al., 2016; 

Sauter et al., 2019).  

 

In the present study, better diet adherence was a significant predictor cross-sectionally of 

working memory in the full sample, but not of verbal memory or global cognition as expected. 

The lack of association runs against many other studies using different cohorts that did see an 

association between MIND diet and/or Mediterranean diet and global cognition and verbal 
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memory (Anastasiou et al., 2018; Marseglia et al., 2018; McEvoy et al., 2017; Wesselman et al., 

2020). Perhaps the reason for diet not having predictive ability cross-sectionally for verbal 

memory is that maybe diet becomes important as a predictor of decline, and the effect can only 

be seen across timepoints. Prior results seen in the same general Rush cohort support this 

hypothesis. They found higher MIND diet adherence predictive of slower cognitive decline in all 

cognitive domains (Morris et al., 2015). The authors did not report cross-sectional associations 

between MIND diet adherence and cognition. This may suggest that there were no significant 

cross-sectional associations, especially because many other Rush studies analyzing different 

lifestyle factors comment on both cross-sectional and longitudinal predictive ability (Buchman et 

al., 2012; James, Wilson, et al., 2011; Lim, Kowgier, et al., 2013; Turner et al., 2017). Though 

this is speculative, it would explain why the present study also did not find significant 

associations between diet and cognition cross-sectionally.   

 

Interestingly, though not observed in the full sample, diet was a significant predictor of global 

cognition for the impaired group. Lifestyle factors appear to be important predictors for impaired 

individuals (i.e., MCI and AD) as better MIND diet adherence as well as more physical activity 

were predictive of better cognition. This suggests that though diet may not be predictive cross-

sectionally in non-impaired individuals, it is an important variable to consider for those with 

cognitive impairment. Anastasiou and colleagues presented similar findings. They examined the 

independent effects of lifestyle factors, including Mediterranean diet adherence, physical 

activity, sleep, and instrumental activities of daily living (IADL), on cognition and found diet 

and physical activity as well as IADLs to be associated with a global cognition composite 

(Anastasiou et al., 2018). This finding was seen in the nondemented individuals, which included 
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about 12% MCI participants. However, when they removed the MCI participants, diet remained 

but physical activity was no longer a significant predictor (Anastasiou et al., 2018). This further 

corroborates the present study’s results of physical activity not being predictive of cognition in 

cognitively normal individuals. The Anastasiou study also measured processing speed and found 

physical activity and IADLs to be predictive (Anastasiou et al., 2018) which was different from 

the present study’s findings. In the full sample of the present study, social activities and 

depression were predictive of processing speed and for the impaired group only, alcohol, APOE 

status and sex were predictive of processing speed. Anastasiou et al. did not measure social 

activities, perceived stress, or working memory, and the present study did not have an IADL 

measure nor a cognitive composite for executive functioning, language, or visuospatial ability, 

making further comparisons between studies challenging. Other studies lacked cognitive data, 

but associated higher healthy diet adherence with reduced odds of cognitive decline, slowed rates 

of cognitive decline, reduced conversion to AD, and improvements in cognitive functioning 

(Hardman et al., 2016; Hosking et al., 2019). Curiously, healthy diet being associated with 

positive outcomes in impaired individuals is not what a study in Brazil found. Calil and 

colleagues found MIND diet adherence associated with cognition only in non-impaired 

individuals, and not in participants with MCI or AD; however, the authors hypothesized there 

may have been other social health determinants influencing the results (e.g., socioeconomic 

status; Calil, Brucki, Nitrini, & Yassuda, 2018).  

 

A literature review of physical activity in impaired individuals supported a positive association 

between physical activity and reduced risk of impairment in people with MCI and AD, 

(Lautenschlager, Cox, & Kurz, 2010) though large, well designed clinical trials are needed to 
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better understand the impact of physical activity on cognition because the trials are few and show 

only modest or partial benefits (Gates, Fiatarone Singh, Sachdev, & Valenzuela, 2013; 

Lautenschlager et al., 2010). Healthy diet in impaired individuals has been previously associated 

with improved cognitive functioning (Brandt et al., 2019; Krikorian et al., 2012) though 

additional well-controlled studies are need to further understand the impact of diet on cognition. 

The BMI result was in the unexpected direction (i.e., higher BMI was associated with better 

cognition); however, weight loss and frailty are known markers of dementia (Shatenstein et al., 

2001). Correspondingly, some studies have shown an overweight BMI in the elderly years is 

associated with beneficial health outcomes; however, this is an inconsistent finding and there has 

yet to be determined an optimal BMI for old age (Garcia-Ptacek et al., 2014; Memel et al., 2016; 

Schmeidler et al., 2019). Considering all of these factors together further highlights the complex 

nature of lifestyle and brain health.  

 

HEALTH SCORE COMPARISONS (AIM 2)  

 

The use of some type of “risk score” or “health score” is common in the literature; however, 

there is no gold standard formula of factors as evidenced by the variety of compositions in 

previous studies (Anastasiou et al., 2018; Li et al., 2018; Lourida et al., 2019; Spencer et al., 

2005). To our knowledge, no study has compared the predictive ability of one Health Score 

composition versus another on cognition. In the current study, we compared four Health Scores 

which were comprised of variables selected with different approaches. The first (HS1) was a data 

driven approach and used the significant predictors from Aim 1, which in the full sample was 

only social activities. The second (HS2) included the healthy lifestyle factors exclusively (i.e., 
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diet, physical activities, sleep fragmentation, social activities, perceived stress) while the third 

(HS3) included risk factors exclusively (i.e., depression, smoking, alcohol, BMI, APOE status). 

The fourth (HS4) consisted of all healthy lifestyle factors as well as all risk factors. Each model, 

which included one Health Score along with age, education, sex, and diagnosis, was significantly 

predictive of cognition; however, the Health Score consisting of risk factors alone was not a 

significant predictor in its model. When these models were compared head-to-head, the Health 

Score incorporating only lifestyle factors was designated as the “best” prediction of global 

cognition due to the slightly higher R-squared value and the more comprehensive approach to 

health (i.e., HS2 incorporated five factors while HS1 incorporated only one factor). This was 

further supported when looking at the impaired group separately, as the Health Score 

incorporating exclusively lifestyle factors was the only Health Score predictive of cognition 

among impaired individuals. Even when compared with a data-driven approach tailored to the 

impaired group, the healthy-lifestyle-only Health Score remained the best predictor. Overall, 

there appears to be an added benefit of including a range of healthy lifestyle behaviors, above 

and beyond the most parsimonious data-driven approach, for understanding how lifestyle factors 

relate to cognition, especially for the impaired group.  

 

Though there was no Health Score comparison involved in their study, Anastasiou and 

colleagues came to a similar conclusion. Their Total Lifestyle Index score, comprised of diet, 

physical activity, sleep and instrumental activities of daily living, was significantly predictive of 

almost all cognitive domains (i.e., memory, executive functioning, visuospatial, attention/speed, 

and language; Anastasiou et al., 2018). Conversely, when the variables were examined 

independently, each lifestyle factor was significantly related to a few domains and had non-
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significant but trending associations with other domains (Anastasiou et al., 2018). Their study, 

along with the present study, provides support that individual lifestyle factors may have weak or 

even non-significant associations with various cognitive domains that cannot be routinely 

detected independently, but may have a cumulative effect when examined in concert.  

 

Although many composite health scores focus on or include unhealthy behaviors, this was not 

the focus of the present study or the Anastasiou et al. study. However, the present study did 

include a Health Score comprised of unhealthy behaviors (e.g., alcohol, smoking, and BMI) 

which was not predictive of cognition. Further research is needed to tease apart the different 

predictive abilities of healthy behaviors versus unhealthy behaviors on cognition, and focusing 

on healthy lifestyle behavior may be advantageous.  

 

HEALTH SCORE CATEGORIES (AIM 3) 

 

When the cognitive slopes were compared across the four health categories (Unfavorable, 

Minimally Favorable, Moderately Favorable, Favorable), the more favorable Health Scores were 

associated with reduced rate of cognitive decline in a mostly dose-dependent manner, though all 

analyses were underpowered. Global cognition was the only significant result; however, verbal 

memory was trending in the predicted direction. This suggests that individuals with higher 

Health Scores, used in this study as a proxy for overall health, have a slower rate of global 

cognitive decline compared to individuals with a less favorable Health Score. This is consistent 

with prior research using Health Scores to predict cognitive decline. For example, in a cohort of 

Dutch older adults, a healthy Lifestyle Score based on smoking status, alcohol consumption, 

physical activity, and BMI was predictive of a slower decline in MMSE scores, a common 
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measure of global cognition, than individuals with unhealthy Lifestyle Scores (Visser et al., 

2019). Similarly, Shakersain et al. reported a slower decline in MMSE score in a group of 

dementia free older adults with an active lifestyle, consisting of healthy diet and participation in 

physical, social, and mental activities, compared to those with an inactive lifestyle (Shakersain et 

al., 2018). The present study utilized more robust cognitive data than the MMSE and extends the 

literature by showing a similar effect, namely that a healthy lifestyle is associated with slowed 

global cognitive decline compared to an unhealthy lifestyle.  

 

It was unexpected that the other cognitive domains (i.e., processing speed and working memory) 

showed such variability in rate of cognitive change. These findings may be the result of an 

underpowered analysis, or it could be that health score categories do not sufficiently predict 

cognitive change in these domains. It is possible that other, non-lifestyle factors, or demographic 

factors may be important for understanding cognitive changes in these domains. For example, 

vascular factors not assessed in this study could impact processing speed and working memory 

performance. Further studies are needed to understand the relationship between Health Scores 

and rate of cognitive change in each cognitive domain.  

 

CHANGING THE NARRATIVE: A FOCUS ON HEALTH NOT DISEASE  

 

In this study, healthy lifestyle behaviors provided more information about cognition and 

cognitive decline in individuals with and without cognitive impairment than focusing on 

unhealthy lifestyle factors. This shift in perspective towards healthy lifestyle behavior is in line 

with what Diehl and colleagues call for in a galvanizing publication about changing the narrative 
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of aging (Diehl, Smyer, & Mehrotra, 2020). Diehl et al. acknowledged that though individuals 

may be susceptible to hereditary ailments or environmental factors, age-related changes can be 

influenced through behavior and lifestyle modifications (Diehl et al., 2020). He proposed that 

“middle-aged and older adults have the opportunity … to take control of their own aging.” Many 

of the well-known healthy behaviors discussed in the literature review, including becoming 

physically active, eating a healthy diet, participating in cognitively stimulating activities, and 

abstaining from smoking, have been liked to cognitive outcomes. Changing the aging 

conversation from loss and decline to opportunity and challenge allows new narratives and 

beliefs about aging to emerge, which may in turn alter behavior, slow the rate of cognitive 

decline, delay or avoid the onset of dementia, and reduce financial and caregiving burdens 

worldwide.  

 

Changing the narrative has been and will continue to be a challenging task; however, it is a 

needed step in realizing behavioral changes. Negative biases towards aging develop early in life 

and can turn into self-fulfilling prophesies when older individuals believe there is nothing to be 

done about their aging process (Diehl et al., 2020). Many individuals have limited knowledge of 

risk factors, causes, and prevention strategies of cognitive disorders such that their focus is 

disproportionally on family history (Rosenberg, Coley, et al., 2020) which can limit their belief 

in and openness to primary prevention strategies.  

 

Working toward a new narrative is also difficult in the context of a disease-focused health care 

model. The U.S. has been criticized for having “sick care” instead of health care with financial 

incentives to perform procedures and prescribe medication instead of behavioral interventions 



 

 

92 

 

(Fani Marvasti & Stafford, 2012). The biomedical model defines health as the absence of 

disease; however, with chronic diseases being the primary problem, lifestyle changes are too 

often overlooked. The biomedical model sets the expectation that treatment is something that is 

done to or performed on a patient and requires a medical professional to achieve; however, many 

lifestyle changes can be self-directed. Additionally, this model largely ignores subclinical 

changes, which is often the time for behavioral interventions, especially in conditions with 

insidious onset like Alzheimer’s disease. 

 

The conventional health care system is already changing. Fee-for-service models are being 

replaced with outcomes-based reimbursements which may provide the ideal environment for a 

new narrative to be adopted. New narratives are taking shape in other areas of health care as 

well. There has been substantial progress made redefining health disparities and moving towards 

health equity (Carnethon et al., 2019) based on research highlighting social determinants of 

health (e.g., poverty, lack of access to quality education or employment, unhealthy housing, 

unfavorable work, neighborhood conditions, etc.; Braveman, Egerter, & Williams, 2011). These 

factors are particularly relevant for the design and implementation of behavior modifications to 

promote health. Under the new narrative and new health care model, individuals and 

communities would be more empowered to take control of their health and more resources would 

be routed to prevention. Given there is no effective treatment for Alzheimer’s disease and the 

literature suggests that healthy lifestyle behaviors afford more favorable cognitive outcomes, it 

would be prudent to prioritize prevention efforts. These could be at a systemic level (e.g., 

improving conditions in low-income housing, implementing strategies for better health 

education, eliminating environmental hazards, and improving the diversity and cultural 
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sensitivity of health systems) or an individual level (e.g., health coaches, individualized diet 

plans, customized exercise protocol, social connectedness assessment, etc.). There are 

innumerable possible directions, but large, well-controlled prevention trials will be essential in 

this process.  

 

LIMITATIONS 

 

There are several limitations with this study that warrant mention, including aspects related to 

participant selection, variable measurement, and analyses performed.  

 

Participant selection 

The sample of individuals with all five lifestyle variables was relatively limited (i.e., n=476 out 

of a possible n=2,134 enrolled in the Memory and Aging Project) and decreased further when 

requiring three or more time points (n=112). This resulted in some analyses being underpowered 

(i.e., Aim 3). An analytic baseline timepoint was used to optimize the sample for participants 

with all five lifestyle variables; however, this left several years of partial data unexamined and 

the number of participants designated as MCI quite small. Had the sample been larger, there may 

have been higher numbers in the MCI group improving comparison between nonimpaired and 

impaired groups and allowing examination of predictors of cognitive diagnosis.  

 

The present study had a relatively low incidence of depression symptoms, current smokers, and 

moderate to heavy alcohol users. A cohort with more risk factors could have provided greater 

differentiation between the Favorable and Unfavorable groups revealing further cognitive 
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benefits with healthy lifestyle behaviors. However, it is also possible that the opposite would 

have resulted. The sample was 95% Caucasian, limiting the generalizability of these findings to 

diverse groups. Future studies should be larger and incorporate participants with more variable 

lifestyles at baseline and greater racial and sociocultural diversity.  

 

Variable measurement  

There are some limitations in how variables were measured. First, physical activity was 

measured via an actigraph, which affords many benefits compared to subjective measures of 

activity, but does not measure intensity of activity. Descriptive information about the type and 

intensity of activity would provide richer data and opportunities for targeted intervention 

recommendations. Second, the MIND diet score was an adherence score based on how much a 

participant’s diet overlapped with the designated dietary elements; the participants were not 

explicitly following the MIND diet. Third, the perceived stress measure was collected annually 

but queries stress during the past month. A discrepancy may have resulted in overreporting acute 

stress and underreporting chronic stress, which together muddies the overall perceived stress 

variable. Additionally, some lifestyle measures (i.e., diet, social activities, perceived stress) 

relied on self-report which may have been prone to misremembering and thus inaccurate data 

collection, as greater than 20% of the analytic baseline sample had MCI or AD. Regarding the 

risk factors, there are many other medical risk factors that were not examined in the present 

study (e.g., hypertension, diabetes, etc.) and incorporating such factors may have changed the 

results.  
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Two additional factor that likely influenced the results of this study was the point allocation 

process of deriving Health Scores, especially the risk factor variables, and assumptions about the 

cognitive slope. Unlike the lifestyle factors, the risk factors points were allocated based on a 

priori designations instead of quartiles. The Health Score consisting of risk factors alone (i.e., 

HS3) consistently lacked predictive ability of cognition in the analyses which could have been 

due to how points were allocated to the individual factors. When determining point allocation, 

decisions were made as to what constituted “healthier,” and it is possible that if those decisions 

were different, there would be different results. For example, “healthy weight” was allocated the 

most points and based on standard BMI guidelines; however, few studies suggest “overweight” 

BMI (BMI > 25) is protective from cognitive decline in older adults (Garcia-Ptacek et al., 2014; 

Memel et al., 2016). Similarly, most studies agree that heavy alcohol consumption is not healthy 

but there is disagreement about the benefits of abstinence versus moderate alcohol consumption. 

Greater consistency in how studies define healthy lifestyle behaviors would help clarify the role 

of these factors. Regarding the cognitive slope, it is well known that the rate of cognitive decline 

can be variable. At times, cognitive decline can occur slowly whereas at other times it can occur 

rapidly. For the present study, the slope was modeled linearly and variably in the rate of decline 

was not accounted for. It is possible that a nuanced model could have captured more accurate 

rates of cognitive decline and subsequently led to different findings.  

 

FUTURE DIRECTIONS 

Many of these limitations present opportunities for future studies exploring the relationship 

between cognition and lifestyle factors. Practical and specific recommendations for future 

research based on the present study would be to include a physical activity measure from which 
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activity intensity can be obtained, to consider adherence scores of individuals who follow the 

MIND diet, and to incorporate a perceived stress measure with a wider scale. Regarding 

outcomes, the present study used cognition as the primary outcome, but future analyses could 

conduct survival analyses, specifically proportional hazards models, to assess the impact of 

lifestyle factors on risk of progressing from non-impaired to MCI or MCI to AD. It would also 

be interesting to incorporate healthy lifestyle factors into well-established risk models (e.g. 

Framingham risk score) to determine if healthy behaviors have additive predictive ability. In 

addition, latent profile analysis could be used to identify patterns among health behaviors that 

predict cognition or diagnosis, rather than pre-determined Health Scores, as seen in prior studies 

(e.g., Mawditt et al., 2016; Norton et al., 2012).   

 

Lastly, future directions must include the implementation of behavioral interventions in multiple 

domains, which should address social determinants of health of the study participants and 

incorporate education for patients, practitioners, and communities. For patients, multi-domain 

lifestyle interventions are ongoing worldwide (Rosenberg, Mangialasche, Ngandu, Solomon, & 

Kivipelto, 2020), and a recent study presented promising results for both face-to-face and 

digitally mediated interventions to enhance cognitive reserve and reduce risk of Alzheimer’s 

disease (Bott et al., 2019). For practitioners, professional organizations, such as the American 

College of Lifestyle Medicine or the American College of Preventive Medicine, could help 

educate and provide additional training to health care workers on assessment and implementation 

of healthy lifestyle behaviors in their patients. Additionally, conversations about healthy lifestyle 

behaviors could be incorporated into the medical school curricula ensuring the next generation of 

doctors are provided this information. For communities, psychoeducation and correcting 
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preconceived notions about dementia may facilitate implementation of evidenced-based 

strategies (Maust et al., 2019), especially when using results from community-intervention pilot 

programs to guide and bolster implementation (e.g., Sims-Gould, Franke, Lusina-Furst, & 

McKay, 2020). There are already ongoing initiatives (e.g., Reframing Aging Initiative), though 

more are needed.  

 

SUMMARY AND CONCLUSION 

In conclusion, this study examined the effects of lifestyle factors on cognition in aging adults and 

found that overall, healthy lifestyle behaviors were predictive of cognition, especially for 

individuals who already had cognitive impairment. Additionally, a composite Health Score 

derived from only healthy lifestyle behaviors was the best predictor of cognition compared to 

Health Scores that focused either only on risk factors or a combination of risk and healthy 

lifestyle factors. This was a novel finding and to our knowledge no prior study has compared 

Health Scores formed from different types of variables. Lastly, the rate of global cognitive 

decline was slower in individuals with more favorable Health Scores, in a mostly dose dependent 

manner. These results provide evidence that healthy lifestyle behaviors predict cognition better 

than risk behaviors and encourages further exploration of the additive impact of multiple healthy 

behaviors on cognitive outcomes, particularly within the context of aging and Alzheimer’s 

disease.   
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FIGURES 

Figure 1 

Sample Breakdown with Exclusion Criteria 

 

 

Note. NCI= no cognitive impairment; MCI= mild cognitive impairment;  

AD= Alzheimer’s dementia. 

*Any participant missing one or more lifestyle variables (i.e., diet, physical activity, sleep 

fragmentation, social activities, or perceived stress) was excluded.  
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N=12 
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Full Sample  
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Excluded N=1,666 for  

missing lifestyle data* 
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Figure 2 

Rate of Cognitive Change by Analytic Baseline Health Score Category for Each Cognitive 

Domain 

 
 

Note. HS = Health Score. Health Scores presented are HS2 scores. HS2 includes diet, physical 

activity, sleep fragmentation, social activities, and perceived stress. Error Bars represent 95% 

confidence intervals.  

^The Global Cognition model was significant, but there were no significant differences 

between the health score categories. The Verbal Memory and Processing Speed models were 

not significant.  

* The Working Memory model controls for age which caused the overall model to be 

significant, but there were no differences between health score categories. 
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Figure 3 

Rate of Cognitive Change by Averaged Health Score Category for Each Cognitive Domain 

 

 
 

Note. HS = Health Score. Health Scores presented are HS2 scores. HS2 includes diet, physical 

activity, sleep fragmentation, social activities, and perceived stress. Error Bars represent 95% 

confidence intervals. There were no significant differences between health score categories for 

any of the cognitive domains.  

* The Working Memory model controls for age which caused the overall model to be 

significant, but there were no differences between health score categories.  
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TABLES 

Table 1 

 

Diets 

Diet Name Reference  Details  

Mediterranean  

Serra-Majem et 

al., 2006 

Mastorakou et 

al., 2019 

Minimally processed, seasonally fresh, and locally 

grown; emphasizes plant foods and olive oil with low 

to moderate amounts of dairy and wine. Infrequent red 

meat and egg consumption; desserts made of fresh 

fruits, nuts and olive oil 

DASH 

Appel et al., 

2006 

Services, 2006 

Low sodium; low fat; limit red meat and sugar; eat 

whole grains, fruits/vegetables, fish, poultry, nuts 

MIND 
Morris et al., 

2015 

Eat: green leafy vegetables, other vegetables, nuts, 

berries, beans, whole grains, seafood, poultry, olive oil 

and wine Limit: red meats, butter, stick margarine, 

cheese, pastries, sweets, fried/fast food 

Adkins/ketogenic  Peterman, 1925 High fat, low protein and carbohydrates 

Note. DASH = Dietary Approach to Stop Hypertension; MIND = Mediterranean-DASH 

Intervention for Neurological Delay 
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Table 2 

 

Prior Health Score Methodologies 

Type Method Examples 

Lifestyle Index 

(Anastasiou et al., 

2018) 

 

Combines multiple 

factors together 

into one number to 

derive a Health 

Score 

Total Lifestyle Index= sum score (range 0-12; higher values 

indicating an overall beneficial lifestyle) of rating 0-4 

depending on quartile for diet, physical activity, sleep, and 

ADL functioning.  

Lifestyle Score 

(Spencer et al., 

2005) 

Combines multiple 

factors together 

into one number to 

derive a Health 

Score 

Lifestyle Score= sum score (range 0-8) of “prudent” lifestyle 

behaviors: 

1-having either never smoked or having stopped smoking 

more than 1 year previously; 2-doing a minimum of 3 hours 

of at least moderate physical activity weekly; 3- having no 

more than two alcoholic drinks daily; 4-eating fish at least 

three times weekly; 5-eating meat less than five times weekly; 

6-never adding salt to food; 7-having a self-reported body 

mass index (BMI) of 25.0 kg/m2 or less; 8-using reduced fat 

or skim milk 

Lifestyle Risk 

Score 

(Li et al., 2018) 

Combines multiple 

factors together 

into one number to 

derive a Risk 

Score 

Lifestyle Risk Score= sum score (range 0-5) of diet, smoking, 

physical activity, alcohol consumption, and BMI. A score of 1 

was given if the factor was low risk and a 0 if it was high risk. 

The range was 0-5 with high scores representing lower risk 

lifestyle. 

Lifestyle Score 

into 3 Categories 

(Lourida et al., 

2019). 

Combines multiple 

factors together 

into a Health Score 

then Health score 

is divided into 

categories  

Lifestyle Index Score=sum score (range 0-4; higher scores 

indicating higher adherence to healthy lifestyle) of 1-no 

current smoking, 2-regular physical activity, 3-healthy diet, 

and 4-moderate alcohol consumption; one point per healthy 

lifestyle behavior was granted. Scores were then separated 

into 3 categories to compare against each other:  

Favorable (3-4 healthy factors) vs Intermediate (2 healthy 

factors) vs Unfavorable (0 or 1 healthy factor). 
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Two factors-

observational  

(Shakersain et al., 

2018) 

Factors are looked 

at independently 

and then combined 

Diet was “tertiled” into Low, Moderate, or High adherence 

based on diet index score. Participation in physical, mental 

and social activities was trichotomised into Low, Moderate, 

and Intense. The study examined the effects of diet on 

cognition, activity on cognition, and both diet and activity on 

cognition using mixed effects models with multiple 

imputation by chained Equation for missing data. 

Two factors  

(Scarmeas et al., 

2009) 

Factors are looked 

at independently 

and then combined 

Mediterranean Diet was trichotomized (low, middle, or high) 

and dichotomized (low or high). Physical activity (sum of 

weekly participation in activities, weighted by the intensity 

[light, moderate, vigorous] was trichotomized (no physical 

activity, some, or much) and dichotomized (low or high). 

Low diet + no physical activity group compared to High diet 

+ much physical activity.  

Two factors-

interventional 

(Blumenthal et al.,  

2019) 

Intervention study-

2x2 factorial  

design 

Participants were randomized into 4 groups (exercise alone, 

DASH diet alone, combo of exercise and DASH, or health 

education). Cognition was measures before and after the 6-

month intervention and groups were compared.  
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Table 3 

 

Neuropsychological Assessment Measures by Domain 

Cognitive Domain Tests 

Verbal Memory  

(7 measures) 

Immediate Recall Logical Memory Story A 

Delayed Recall Logical Memory Story A 

Immediate Recall East Boston Story  

Delay Recall East Boston Story  

Word List Memory 

Word List Recall 

Word List Recognition 

Semantic Memory 

(3 measures) 

15-item Boston Naming Test 

Verbal Fluency (Categories: Animals & Fruits/Vegetables) 

15-item Reading Test 

Working Memory 

(3 measures) 

Digit Span Forwards  

Digit Span Backwards  

Digit Span Ordering 

Processing Speed 

(4 measures) 

Symbol Digit Modalities Test 

Number Comparison 

Stroop Word Reading 

Stroop Color Naming 

Visuospatial Ability 

(2 measures) 

15-item Judgment of Line Orientation  

16-item Standard Progressive Matrices 

Global Cognition 

(19 measures) 
All of the above 

Note. Verbal Memory and Processing Speed were referred to as Episodic Memory 

and Perceptual Speed in the prior Rush studies.  
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Table 4 

Health Score Ratings     

Variable  

(range of scores) 
1 point 2 points 3 points 4 points 

Diet (0-15)§ 1st quartile 2nd quartile 3rd quartile 4th quartile 

Physical Activity§ 1st quartile 2nd quartile 3rd quartile 4th quartile 

Sleep Fragmentation§ 4th quartile 3rd quartile 2nd quartile 1st quartile 

Social Activities (0-5)†§ 1st quartile 2nd quartile 3rd quartile 4th quartile 

Perceived Stress (0-4)§ 3-4 2-2.9 1-1.9 0-0.9 

Depression Score (0-10)^ 7-10 4-6 1-3 0 

Alcohol (amount)^ >2 drinks/day 1-2 drinks/day < 1 drink/day None 

Smoking (status)^ Current  Past Never 

APOE genotype^ 44 24, 34 33 22, 23 

BMI*^ 35 + 30 to 34.9 
<18.5 & 

25 to 29.9 
18.5-24.9 

Note. *BMI of 35+ corresponds with Class 2 & 3 Obesity; 30 to 34.9 corresponds with Class 1 

Obesity; <18.5 corresponds with Underweight; 25 to 29.9 corresponds with Overweight; 18.5 to 

24.9 correspond with Healthy Weight. 

†= variables included in HS1 

§= variables included in HS2 

^ = variables included in HS3 

All variables are included in HS4 
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Table 5 

 

Health Score Characteristics  

 HS1 HS2 HS3 HS4 

Components Social Activities 

Diet 

Physical Activity 

Sleep Frag 

Social Activities 

Perceived Stress 

Alcohol Use 

Depression 

Smoking 

APOE ε4 

BMI 

Diet 

Physical Activity 

Sleep Frag 

Social Activities 

Perceived Stress 

Alcohol Use 

Depression 

Smoking 

APOE ε4 

BMI 

Approach Scientific Lifestyle/Health Risk/Disease Comprehensive 

Mean 2.4 12.1 16.5 28.7 

Median 3 12 17 29 

SD 1.1 2.5 1.7 3.1 

Range 1 to 4 6 to 19 10 to 20 19 to 36 

Note. n=467 for HS1 and HS2; n=451 for HS3 and HS4 due to missing BMI data (n=16).  

SD = standard deviation. Data displayed is from the Analytic Baseline Health Scores. 
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Table 6 

 

Sample Characteristics  

 Descriptive Statistics 

 Mean SD n (%) Median Range 

Demographic Factors      

      Analytic Baseline Year  4.52  2.28   4.0  1 – 14 

      Age  83.40  7.10   84.5  61 – 100* 

      Education   15.00 2.70  15.0 7 – 20 

      Sex (female)   342 (73)   

      Early Life SES  0.001  0.70  -0.004  -2.35 – 1.81 

      Race (white)   442 (95)   

      APOE ε4 ( > 1 copy)   95 (20)   

Risk Factors      

      Depression Sx  1.04  1.63  0 0 – 9 

      Alcohol in grams  6.02  13.60  0 0 – 100.2 

      Smoking (past & current)   180 (38.5)   

      BMI  26.70  5.20   25.8  14.3 – 52.7 

Lifestyle Factors      

      Diet  7.60 1.90  7.5 2 – 13 

      Physical Activity  2.70  1.50  2.5 0.2 – 10.5 

      Sleep Frag.  0.03  0.01   0.03 0.02 – 0.07 

      Social Activities  2.57  0.60   2.67 1.0 – 4.5 

      Perceived Stress  2.07  0.46  2.0  0.25 – 3.25 

Cognition Z-Scores      

      Global Cognition (n=467) 0.130 0.56  0.18  -2.2 – 1.5 

      Verbal Memory (n=466) 0.252  0.73  0.31 -2.5 – 1.8 

      Processing Speed (n=459) 0.030  0.79  0.07 -2.2 – 2.6 

      Working Memory (n=467) -0.002  0.73   -0.04  -1.8 – 2.0 

Diagnosis at Analytic Baseline      

      Not Cognitively Impaired   361 (77)     

      Mild Cognitive Impairment   94 (20)    

      Alzheimer’s Disease    12 (3)    

Note. * Frequency of age by decade are as follows: n=22 (60s), 109 (70s), 265 (80s), 70 (90s), 1 

(100s);  SD = standard deviation; SES = socioeconomic status; APOE = Apolipoprotein E; BMI 

= body mass index; sleep frag = sleep fragmentation.  
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Table 7 

 

Multiple Linear Regression Predicting Global Cognition with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Initial Model  

  95 % CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.018 0.003 -0.230 < 0.001 -0.024 -0.012 

Education  0.055 0.007 0.275 < 0.001 0.040 0.069 

Sex (male) -0.181 0.044 -0.146 < 0.001 -0.267 -0.095 

Early Life SES 0.051 0.028 0.066 0.069 -0.004 0.105 

Diagnosis  -0.525 0.042 -0.452 < 0.001 -0.607 -0.443 

APOE ε4  -0.091 0.045 -0.068 0.045 -0.180 -0.002 

Depression Sx -0.004 0.012 -0.011 0.755 -0.028 0.020 

Alcohol 0.001 0.001 0.021 0.550 -0.002 0.004 

Smoking 0.032 0.040 0.028 0.423 -0.046 0.110 

BMI 0.001 0.004 0.007 0.850 -0.007 0.008 

Diet 0.016 0.010 0.056 0.115 -0.004 0.037 

Physical Activity 0.008 0.013 0.021 0.559 -0.018 0.033 

Sleep Frag.  -1.870 3.063 -0.021 0.542 -7.889 4.150 

Social Activities  0.066 0.033 0.071 0.048 0.001 0.131 

Perceived Stress -0.008 0.040 -0.007 0.840 -0.087 0.071 

R2 = 0.534; R2Adj = 0.518; F(15, 430)=32.92;  p < 0.001 

Note. Values in bold are significant at p< 0.05. Values in italics are significant at p< 0.20. 

Diagnosis is coded with higher values indicating more impairment. SES = socioeconomic 

status; APOE = Apolipoprotein E; Depression Sx = depression symptoms; BMI = body 

mass index; Sleep Frag = sleep fragmentation. N=446. 
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Table 8 

 

Multiple Linear Regression Predicting Global Cognition with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.019 0.003 -0.235 < 0.001 -0.024 -0.013 

Education  0.060 0.007 0.293 < 0.001 0.047 0.073 

Sex (male) -0.152 0.041 -0.120 < 0.001 -0.231 -0.072 

Social Activities 0.077 0.032 0.082 0.015 0.015 0.139 

Diagnosis  -0.580 0.038 -0.507 < 0.001 -0.655 -0.505 

R2 = 0.542; R2Adj = 0.537; F(5, 461)= 109.15;  p< 0.001 

Note. Diagnosis is coded with higher values indicating more impairment. N=462. 
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Table 9 

 

Multiple Linear Regression Predicting Verbal Memory with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Initial Model  

  95 % CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.019 0.004 -0.184 < 0.001 -0.027 -0.010 

Education  0.059 0.010 0.228 < 0.001 0.039 0.079 

Sex (male) -0.315 0.061 -0.195 < 0.001 -0.434 -0.195 

Early Life SES -0.019 0.038 -0.019 0.628 -0.094 0.057 

Diagnosis  -0.753 0.058 -0.500 < 0.001 -0.866 -0.639 

APOE ε4  -0.116 0.063 -0.067 0.065 -0.239 0.007 

Depression Sx 0.016 0.017 0.035 0.346 -0.017 0.049 

Alcohol 0.000 0.002 0.005 0.898 -0.003 0.004 

Smoking 0.043 0.055 0.029 0.438 -0.065 0.150 

BMI 0.001 0.005 0.010 0.797 -0.009 0.011 

Diet 0.014 0.014 0.036 0.337 -0.014 0.042 

Physical Activity 0.015 0.018 0.032 0.395 -0.020 0.051 

Sleep Frag.  -1.842 4.249 -0.016 0.665 -10.194 6.509 

Social Activities  0.008 0.046 0.006 0.866 -0.083 0.098 

Perceived Stress -0.071 0.055 -0.046 0.199 -0.180 0.038 

R2 = 0.471; R2Adj = 0.452; F(15, 429)= 25.44;  p < 0.001 

Note. Values in bold are significant at p< 0.05. Values in italics are significant at p< 0.20. 

Diagnosis is coded with higher values indicating more impairment. SES = socioeconomic 

status; APOE = Apolipoprotein E; Depression Sx = depression symptoms; BMI = body 

mass index; Sleep Frag = sleep fragmentation. N=445. 
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Table 10 

 

Multiple Linear Regression Predicting Verbal Memory with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.019 0.004 -0.181 < 0.001 -0.026 -0.012 

Education  0.055 0.009 0.207 < 0.001 0.037 0.072 

Sex (male) -0.297 0.056 -0.181 < 0.001 -0.407 -0.186 

Diagnosis -0.801 0.051 -0.542 < 0.001 -0.902 -0.700 

R2 = 0.478; R2Adj = 0.473; F(4, 461)= 105.46;  p< 0.001 

Note. Diagnosis is coded with higher values indicating more impairment. N=466. 
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Table 11 

 

Multiple Linear Regression Predicting Processing Speed with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Initial Model  

  95 % CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.031 0.005 -0.275 < 0.001 -0.041 -0.021 

Education  0.043 0.013 0.148 0.001 0.017 0.068 

Sex (male) -0.212 0.076 -0.118 0.006 -0.362 -0.062 

Early Life SES 0.025 0.048 0.022 0.603 -0.070 0.120 

Diagnosis  -0.438 0.073 -0.259 < 0.001 -0.580 -0.295 

APOE ε4  -0.150 0.079 -0.077 0.058 -0.305 0.005 

Depression Sx -0.042 0.021 -0.082 0.046 -0.084 -0.001 

Alcohol 0.001 0.002 0.026 0.533 -0.003 0.006 

Smoking 0.045 0.069 0.028 0.509 -0.090 0.181 

BMI -0.002 0.006 -0.010 0.807 -0.014 0.011 

Diet 0.002 0.018 0.006 0.895 -0.033 0.038 

Physical Activity 0.026 0.023 0.049 0.252 -0.019 0.070 

Sleep Frag.  -9.263 5.324 -0.072 0.083 -19.727 1.201 

Social Activities  0.163 0.058 0.121 0.005 0.049 0.277 

Perceived Stress 0.076 0.069 0.044 0.274 -0.060 0.212 

R2 = 0.341; R2Adj = 0.317; F(15, 425)=14.65;  p < 0.001 

Note. Values in bold are significant at p< 0.05. Values in italics are significant at p< 0.20. 

Diagnosis is coded with higher values indicating more impairment. SES = socioeconomic 

status; APOE = Apolipoprotein E; Depression Sx = depression symptoms; BMI = body 

mass index; Sleep Frag = sleep fragmentation. N=441. 
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Table 12 

 

Multiple Linear Regression Predicting Processing Speed with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.031 0.005 -0.275 < 0.001 -0.040 -0.022 

Education  0.045 0.011 0.155 < 0.001 0.023 0.067 

Sex (male) -0.206 0.070 -0.115 0.003 -0.343 -0.069 

Depression Sx -0.046 0.019 -0.095 0.016 -0.084 -0.009 

Social Activities 0.168 0.054 0.127 0.002 0.061 0.275 

Diagnosis   -0.488 0.067 -0.297 < 0.001 -0.619 -0.357 

R2 = .339; R2Adj = .330; F(6, 452)= 38.56;  p< 0.001 

Note. Diagnosis is coded with higher values indicating more impairment. Depression Sx = 

depression symptoms. N=459. 
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Table 13 

 

Multiple Linear Regression Predicting Working Memory with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Initial Model  

  95 % CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.005 0.005 -0.049 0.343 -0.015 0.005 

Education  0.042 0.013 0.160 0.001 0.017 0.068 

Sex (male) -0.106 0.077 -0.064 0.172 -0.257 0.046 

Early Life SES 0.116 0.049 0.114 0.018 0.020 0.212 

Diagnosis  -0.368 0.073 -0.238 < 0.001 -0.512 -0.223 

APOE ε4  -0.026 0.080 -0.014 0.748 -0.183 0.131 

Depression Sx -0.003 0.022 -0.007 0.877 -0.046 0.039 

Alcohol 0.004 0.002 0.067 0.145 -0.001 0.008 

Smoking -0.027 0.070 -0.018 0.697 -0.165 0.110 

BMI 0.005 0.007 0.038 0.422 -0.008 0.018 

Diet 0.033 0.018 0.084 0.077 -0.004 0.069 

Physical Activity -0.017 0.023 -0.036 0.452 -0.062 0.028 

Sleep Frag.  3.295 5.397 0.028 0.542 -7.313 13.902 

Social Activities  0.079 0.059 0.064 0.177 -0.036 0.194 

Perceived Stress 0.020 0.071 0.012 0.782 -0.119 0.158 

R2 = 0.180; R2Adj = 0.151; F(15, 430)=6.28;  p< 0.001 

Note. Values in bold are significant at p < 0.05. Values in italics are significant at p < 0.20. 

Diagnosis is coded with higher values indicating more impairment. SES = socioeconomic 

status; APOE = Apolipoprotein E; Depression Sx = depression symptoms; BMI = body 

mass index; Sleep Frag = sleep fragmentation. N=446. 
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Table 14 

 

Multiple Linear Regression Predicting Working Memory with Significant Demographics, 

Risk Factors, and Lifestyle Factors—Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Education  0.045 0.012 0.169 < 0.001 0.020 0.069 

Early Life SES 0.108 0.047 0.104 0.023 0.015 0.201 

Diet 0.036 0.017 0.094 0.035 0.003 0.070 

Diagnosis  -0.445 0.065 -0.298 < 0.001 -0.573 -0.318 

R2 = 0.178; R2Adj = 0.171; F(4, 457)= 24.75;  p< 0.001 

Note. SES = socioeconomic status. Diagnosis is coded with higher values indicating more 

impairment. N=462. 
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Table 15 

 

Multiple Linear Regression Predicting Global Cognition with Demographics, Risk Factors, 

and Lifestyle Factors in Individuals with No Cognitive Impairment–Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Age  -0.018 0.003 -0.295 < 0.001 -0.024 -0.013 

Education  0.053 0.008 0.324 < 0.001 0.037 0.068 

Sex (male) -0.171 0.047 -0.164 < 0.001 -0.264 -0.079 

Early Life SES 0.073 0.031 0.113 0.019 0.012 0.134 

Social Activities  0.081 0.036 0.102 0.026 0.010 0.153 

R2 = 0.305; R2Adj = 0.295; F(5, 351) = 30.84;  p< 0.001 

Note. SES = socioeconomic status. This model includes only individuals with normal 

cognition at analytic baseline. N=357. 
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Table 16 

 

Multiple Linear Regression Predicting Global Cognition with Significant Demographics, 

Risk Factors, and Lifestyle Factors in Impaired Individuals —Final Model  

  95% CI for B 

 B Std Err βstand p Lower Upper 

Education 0.063 0.016 0.337 <0.001 0.030 0.095 

BMI 0.026 0.010 0.228 0.011 0.006 0.045 

Diet 0.071 0.024 0.264 0.004 0.023 0.118 

Physical Activity 0.094 0.030 0.275 0.003 0.034 0.154 

R2 = 0.299; R2Adj = 0.269; F(4, 92)= 9.82;  p< 0.001 

Note. BMI = body mass index. This model includes only individuals with an analytic 

baseline diagnosis of MCI or AD. N=97. 
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Table 17 

 

Multiple Linear Regression Predicting Global Cognition with HS1  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS1 0.036 0.017 0.070 0.035 0.003 0.069 

Age  -0.019 0.003 -0.241 < 0.001 -0.024 -0.014 

Education  0.060 0.007 0.294 < 0.001 0.047 0.073 

Sex (male) -0.153 0.041 -0.121 < 0.001 -0.233 -0.073 

Diagnosis  -0.584 0.038 -0.510 < 0.001 -0.659 -0.509 

R2 = 0.541; R2Adj = 0.536; F(5, 461)= 108.52;  p< 0.001 

Note. HS1 consists of social activities. HS = Health Score; Diagnosis is coded with higher 

values indicating more impairment. 
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Table 18 

 

Multiple Linear Regression Predicting Global Cognition with HS2  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS2 0.021 0.008 0.090 0.007 0.006 0.036 

Age  -0.019 0.003 -0.243 < 0.001 -0.024 -0.014 

Education  0.059 0.007 0.287 < 0.001 0.046 0.072 

Sex (male) -0.140 0.041 -0.110 0.001 -0.220 -0.060 

Diagnosis -0.575 0.039 -0.502 < 0.001 -0.650 -0.499 

R2 = 0.543; R2Adj = 0.538; F(5, 461)= 109.70;  p< 0.001 

Note. HS2 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress). HS = Health Score; Diagnosis is coded 

with higher values indicating more impairment. 
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Table 19 

 

Multiple Linear Regression Predicting Global Cognition with HS3  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS3 0.001 0.011 0.003 0.925 -0.020 0.022 

Age  -0.020 0.003 -0.258 < 0.001 -0.025 -0.015 

Education  0.061 0.007 0.306 < 0.001 0.048 0.074 

Sex (male) -0.167 0.042 -0.134 < 0.001 -0.249 -0.085 

Diagnosis  -0.591 0.039 -0.510 < 0.001 -0.667 -0.514 

R2 = 0.522; R2Adj = 0.517; F(5, 445)= 97.18;  p< 0.001 

Note. HS3 consists of all five risk factors (i.e., depression, smoking, alcohol, APOE, BMI). 

HS = Health Score; Diagnosis is coded with higher values indicating more impairment. 
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Table 20 

 

Multiple Linear Regression Predicting Global Cognition with HS4  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS4 0.013 0.006 0.076 0.024 0.002 0.025 

Age  -0.020 0.003 -0.258 < 0.001 -0.025 -0.015 

Education  0.060 0.007 0.297 < 0.001 0.047 0.073 

Sex (male) -0.158 0.042 -0.126 < 0.001 -0.240 -0.076 

Diagnosis -0.574 0.040 -0.495 < 0.001 -0.651 -0.496 

R2 = 0.527; R2Adj = 0.522; F(5, 445)= 99.33;  p< 0.001 

Note. HS4 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress) and all five risk factors (i.e., depression, 

smoking, alcohol, APOE, BMI). HS = Health Score; Diagnosis is coded with higher values 

indicating more impairment. 
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Table 21 

 

Meng Tests of Model Comparison between Two Health Scores 

Comparison of 

Model 1 & Model 2 
Model 1 R2  Model 2 R2 z-value p  

HS1 & HS2 0.541 0.543 -1.572 0.116 

HS1 & HS3 0.541 0.522 4.737 <0.001 

HS1 & HS4 0.541 0.527 1.283 0.200 

HS2 & HS3 0.543 0.522 6.036 <0.001 

HS2 & HS4 0.543 0.527 4.900 <0.001 

HS3 & HS4 0.522 0.527 -6.159 <0.001 

Note. All models contained covariates (i.e., Age, Education, Sex, Diagnosis) and one Health 

Score (HS). HS1 consists of social activities. HS2 consists of all five lifestyle factors (i.e., 

diet, physical activity, sleep fragmentation, social activities, perceived stress). HS3 consists 

of all five risk factors (i.e., depression, smoking, alcohol, APOE, BMI). HS4 consists of all 

five lifestyle factors (i.e., diet, physical activity, sleep fragmentation, social activities, 

perceived stress) and all five risk factors (i.e., depression, smoking, alcohol, APOE, BMI). p-

value is two-tailed.  
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Table 22 

 

Multiple Linear Regression Predicting Global Cognition with HS1 for Normal Cognition 

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS1 0.046 0.019 0.107 0.018 0.008 0.084 

Age  -0.019 0.003 -0.298 < 0.001 -0.024 -0.013 

Education  0.053 0.008 0.323 < 0.001 0.037 0.068 

Sex -0.171 0.047 -0.164 < 0.001 -0.264 -0.079 

Early Life SES 0.076 0.031 0.118 0.015 0.015 0.137 

R2 = 0.306; R2Adj = 0.297; F(5, 351)= 30.01;  p< 0.001 

Note. HS1 consists of social activities. HS = Health Score; SES = socioeconomic status. 

N=357. 
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Table 23 

 

Multiple Linear Regression Predicting Global Cognition with HS2 for Normal Cognition  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS2 0.020 0.009 0.105 0.021 0.003 0.038 

Age  -0.019 0.003 -0.308 < 0.001 -0.025 -0.014 

Education  0.051 0.008 0.311 < 0.001 0.035 0.066 

Sex -0.160 0.047 -0.153 0.001 -0.253 -0.067 

Early Life SES 0.074 0.031 0.115 0.017 0.013 0.135 

R2 = 0.306; R2Adj = 0.296; F(5, 351)= 30.94;  p< 0.001 

Note. HS2 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress). HS = Health Score; SES = socioeconomic 

status. N=357. 
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Table 24 

 

Multiple Linear Regression Predicting Global Cognition with HS3 for Normal Cognition 

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS3 0.008 0.012 0.030 0.520 -0.016 0.032 

Age  -0.020 0.003 -0.321 < 0.001 -0.026 -0.014 

Education  0.055 0.008 0.335 < 0.001 0.039 0.071 

Sex -0.183 0.049 -0.172 < 0.001 -0.278 -0.087 

Early Life SES  0.072 0.032 0.111 0.023 0.010 0.134 

R2 = 0.303; R2Adj = 0.293; F(5, 344)= 29.96;  p< 0.001 

Note. HS3 consists of all five risk factors (i.e., depression, smoking, alcohol, APOE, BMI). 

HS = Health Score; SES = socioeconomic status. N=350. 
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Table 25 

 

Multiple Linear Regression Predicting Global Cognition with HS4 for Normal Cognition  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS4 0.014 0.007 0.097 0.034 0.001 0.027 

Age  -0.020 0.003 -0.320 < 0.001 -0.026 -0.015 

Education  0.052 0.008 0.319 < 0.001 0.037 0.068 

Sex -0.174 0.049 -0.164 < 0.001 -0.270 -0.079 

Early Life SES 0.075 0.031 0.116 0.016 0.014 0.137 

R2 =0.312; R2Adj = 0.302; F(5, 344)= 31.14;  p< 0.001 

Note. HS4 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress) and all five risk factors (i.e., depression, 

smoking, alcohol, APOE, BMI). HS = Health Score; SES = socioeconomic status. N=350. 
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Table 26 

 

Multiple Linear Regression Predicting Global Cognition with HS1 for MCI and AD  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS1 0.026 0.045 0.053 0.573 -0.064 0.115 

Age  -0.023 0.008 -0.259 0.007 -0.040 -0.007 

Education 0.068 0.018 0.344 < 0.001 0.033 0.102 

R2 = 0.186; R2Adj = 0.162; F(3, 102)= 7.75;  p< 0.001 

Note. HS1 consists of social activities. HS = Health Score. The other covariates were not 

significant and thus removed from the model. N=106. 
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Table 27 

 

Multiple Linear Regression Predicting Global Cognition with HS2 for MCI and AD  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS2 0.042 0.020 0.192 0.039 0.002 0.082 

Age  -0.020 0.008 -0.220 0.018 -0.036 -0.003 

Education 0.068 0.017 0.347 <0.001 0.034 0.102 

R2 = 0.217; R2Adj = 0.194; F(3, 102)= 9.41;  p< 0.001 

Note. HS2 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress). HS = Health Score. The other covariates 

were not significant and thus removed from the model. N=106. 
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Table 28 

Multiple Linear Regression Predicting Global Cognition with HS3 for MCI and AD  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS3 -0.034 0.032 -0.104 0.278 -0.097 0.028 

Age  -0.020 0.008 -0.229 0.017 -0.036 -0.004 

Education  0.061 0.018 0.329 0.001 0.026 0.097 

Sex -0.197 0.099 -0.187 0.049 -0.394 -0.001 

R2 = 0.208; R2Adj = 0.174; F(4, 92)= 6.05;  p< 0.001 

Note. HS3 consists of all five risk factors (i.e., depression, smoking, alcohol, APOE, BMI). 

HS = Health Score. The other covariates were not significant and thus removed from the 

model. N=97. 
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Table 29 

 

Multiple Linear Regression Predicting Global Cognition with HS4 for MCI and AD  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS4 0.022 0.017 0.130 0.177 -0.010 0.055 

Age  -0.021 0.008 -0.245 0.012 -0.038 -0.005 

Education 0.067 0.018 0.362 <0.001 0.032 0.103 

R2 = 0.182; R2Adj = 0.155; F(3, 93)= 6.89;  p< 0.001 

Note. HS4 consists of all five lifestyle factors (i.e., diet, physical activity, sleep 

fragmentation, social activities, perceived stress) and all five risk factors (i.e., depression, 

smoking, alcohol, APOE, BMI). HS = Health Score; SES = socioeconomic status. N=97. 
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Table 30 

 

Multiple Linear Regression Predicting Global Cognition with HS1 for MCI and AD  

  95% CI for B 

 B Std Err βstand p Lower Upper 

HS1-Im 0.039 0.023 0.165 0.087 -0.006 0.084 

Age  -0.020 0.008 -0.227 0.020 -0.036 -0.003 

Education 0.063 0.018 0.339 0.001 0.028 0.098 

R2 = 0.192; R2Adj = 0.166; F(3, 93)= 7.35;  p< 0.001 

Note. HS1-Im was modified to include variables significantly predictive of global cognition 

exclusively in the impaired group and consisted of diet, physical activity, and BMI. 

HS = Health Score. Im = impaired. The other covariates were not significant and thus 

removed from the model. N=96. 
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Table 31 

 

Mean Cognition Slope by Analytic Baseline Health Score Categories  

 Full Sample Unfavorable 
Minimally 

Favorable 

Moderately 

Favorable 
Favorable 

Global Cognition 

(n=111) 

-0.038 (.079) 

[-0.2675 to 0.1404] 

-0.049 (.068) 

n=24 

-0.070 (.071) 

n=26 

-0.029 (.096) 

n=28 

-0.013 (.071) 

n=33 

Verbal Memory 

(n=112) 

-0.046 (.138) 

[-0.502 to 0.257] 

-0.078 (.149) 

n=25 

-0.079 (.144) 

n=26 

-0.043 (.143) 

n=28 

0.002 (.111) 

n=33 

Processing Speed 

(n=109) 

-0.069 (.114) 

[-0.4724 to 0.1905] 

-0.061 (.122) 

n=23 

-0.091 (.116) 

n=25 

-0.049 (.112) 

n=28 

-0.077 (.111) 

n=33 

Working Memory 

(n=111) 

-0.008 (.130) 

[-0.3747 to 0.4614] 

-0.036 (.118) 

n=24 

-0.041 (.141) 

n=26 

0.014 (.123) 

n=28 

0.019 (.130) 

n=33 

Note. Mean (standard deviation) [range]; The Health Score in these analyses is HS2 (which includes diet, 

physical activity, social activities, sleep fragmentation and stress reduction).  
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Table 32 

 

Mean Cognition Slope by Averaged Health Scores Categories  

 Full Sample Unfavorable 
Minimally 

Favorable 

Moderately 

Favorable 
Favorable 

Global Cognition 

(n=111) 

-0.038 (.079) 

[-0.2675 to 0.1404] 

-0.057 (.081) 

n=29 

-0.049 (.075) 

n=26 

-0.039 (.079) 

n=25 

-0.010 (.077) 

n=31 

Verbal Memory 

(n=112) 

-0.046 (.138) 

[-0.502 to 0.257] 

-0.082 (.152) 

n=30 

-0.045 (.132) 

n=26 

-0.040 (.131) 

n=25 

-0.016 (.135) 

n=31 

Processing Speed 

(n=109) 

-0.069 (.114) 

[-0.4724 to 0.1905] 

-0.067 (.133) 

n=29 

-0.103 (.090) 

n=25 

-0.076 (.135) 

n=24 

-0.040 (.092) 

n=31 

Working Memory 

(n=111) 

-0.008 (.130) 

[-0.3747 to 0.4614] 

-0.043 (.114) 

n=29 

0.003 (.120) 

n=26 

-0.032 (.120) 

n=25 

0.034 (.151) 

n=31 

Note. Mean (standard deviation) [range]; The Health Score in these analyses is HS2 (which includes diet, 

physical activity, social activities, sleep fragmentation and stress reduction). 
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Table 33 

 

Summary of Analysis of Variance Models with Health Score at Analytic Baseline 

Cognition Slope F p Partial Eta Squared Observed Power 

Global Cognition  2.835 0.042 0.074 0.666 

Verbal Memory  2.360 0.076 0.062 0.578 

Processing Speed  0.645 0.588 0.018 0.181 

Working Memory  3.606 0.009* 0.120 0.861 

Note. This table lists the summary statistics for each omnibus ANOVA model. Each 

model consists of HS2 categories (independent variable) predicting rate of cognitive 

change (i.e., cognition slope; dependent variable).  

*The model for Working Memory is an Analysis of Covariance with Age as a 

significant covariate. While Age had a significant p-value (p=0.004), the Health Score 

was not a significant predictor (p=0.182).  
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Table 34 

 

Summary of Analysis of Variance Models with Averaged Health Score 

Cognition Slope F p Partial Eta Squared Observed Power 

Global Cognition  2.050 0.111 0.054 0.513 

Verbal Memory  1.164 0.327 0.031 0.306 

Processing Speed  1.436 0.236 0.039 0.371 

Working Memory  3.631 0.008* 0.120 0.863 

Note. This table lists the summary statistics for each omnibus ANOVA model. Each 

model consists of HS2 categories (independent variable) predicting rate of cognitive 

change (i.e., cognition slope; dependent variable).  

*The model for Working Memory is an Analysis of Covariance with Age as a 

significant covariate. While Age had a significant p-value (p=0.007), the Health Score 

was not a significant predictor (p=0.175). 
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APPENDICES 

Appendix A  

MIND Diet Components  

Diet Component 0 0.5 1 

Green leafy 

vegetables 
<2 servings/week 

>2 to <6 

servings/week 
≥6 servings/week 

Other vegetables <5 servings/week 5-6 servings/week ≥1 serving/day 

Berries <1 servings/week 1 serving/week ≥2 servings/week 

Nuts <0.5 servings/week 0.5-4 servings/week ≥5 servings/week 

Olive oil Not primary oil X Primary oil used 

Butter, margarine >2 teaspoons/day 1-2 teaspoons/day <1 teaspoon/day 

Cheese >7 servings/week 1 -6 servings/week <1 serving/week 

Whole grains <1 servings/day 1-2 servings/day ≥3 servings/day 

Fish (not fried) <1 meal/month 1-3 meals/month ≥1 meals/week 

Beans <1 meal/month 1-3 meals/week >3 meals/week 

Poultry (not fried) <1 meal/month 1 meal per week ≥2 meals/week 

Red meat and 

products 
>6 meals/week 4-6 meals/week <4 meals/week 

Fast fried foods >3 times/week 1-3 times/week <1 time/week 

Pastries and sweets >7 servings/week 5-6 servings/week <5 servings/week 

Wine  
<1 glass/month or >2 

glasses/day 

1 glass/month to 1 

glass/week 
2-7 glasses/week 

(Range: 0-15) 
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Appendix B 

Social Activities Questionnaire 

During the past year, how often did 

you… 

 

Once a 

year or 

less 

 

Several 

times a 

year 

 

Several 

times a 

month 

 

Several 

times a 

week 

 

Every 

day or 

almost 

every 

day 

1. go to restaurants, sporting events or 

teletract, or play bingo? 
1 2 3 4 5 

2. go on day trips or overnight trips? 1 2 3 4 5 

3. do unpaid community/volunteer work? 1 2 3 4 5 

4. visit at relatives’ or friends’ houses? 1 2 3 4 5 

5. participate in groups (such as senior 

center, VFW, Knights of Columbus, 

Rosary Society or something similar)*? 

1 2 3 4 5 

6. attend church or religious services? 1 2 3 4 5 

*VFW is the Veterans of Foreign Wars national organization that has social programs.  

Knights of Columbus and the Rosary Society are both catholic organization that have a social 

component. 
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Appendix C  

Perceived Stress Scale 

In the past month, how often have you 

felt… 

 

Never 
Almost 

never 

Some-

times 

Fairly 

often 

Very 

often 

1.  that you were unable to control the 

important things in your life? 
0 1 2 3 4 

2.  confident about your ability to handle 

your personal problems?* 
0 1 2 3 4 

3.  that things were going your way?* 0 1 2 3 4 

4.  difficulties were piling up so high that 

you could not overcome them? 
0 1 2 3 4 

*Questions 2 and 3 are reversed so that higher scores indicate more perceived stress across all 

items. 

PSS score is the average score of responses to all 4 questions.  
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Appendix D 

Center for Epidemiologic Studies Depression Scale (CES‐D-10) 

 

Center for Epidemiologic Studies Depression Scale (CES‐D-10) 

 

Below is a list of some of the ways you may have felt or behaved. 

 

Please indicate if you have felt this way during the past week by circling Yes or No for  

each question. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 I felt depressed. Yes No 

2 I felt that everything I did was an effort. Yes No 

3 My sleep was restless. Yes No 

4* I was happy. Yes No 

5 I felt lonely. Yes No 

6 People were unfriendly. Yes No 

7* I enjoyed life.  Yes No 

8 I felt sad. Yes No 

9 I felt that people disliked me. Yes No 

10 I could not get going. Yes No 

*One point is granted for each Yes response except for items 4 and 7, 

which are reverse scored, such that a No response is given one point on 

those two items. 
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