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Abstract of Dissertation 

The Independent and Joint Effects of Physical Activity and Sedentary Behavior on 
Dementia and Cognitive Decline 

Background: Cognitive impairment and dementia, which is cognitive impairment 

to the point that it interferes with daily function, are prevalent among older adults and are 

associated with serious health and socioeconomic consequences. Physical activity has 

been identified as a promising avenue for preventing or delaying cognitive decline, but 

only represents one component of an individual’s daily movement. Sedentary behavior is 

another potential factor, but there is a dearth of evidence regarding the relationship 

between sedentary behavior and cognitive function and dementia in the literature. This is 

particularly true for different types of sedentary behavior, including both cognitively 

stimulating and non-cognitively stimulating activities performed while seated. The joint 

associations of physical activity and sedentary behavior with cognitive function and 

dementia have been even less studied.  

Aims and Methods: This research employed secondary data analysis to examine 

whether and how sedentary behavior and physical activity were associated with dementia 

and cognitive function, as assessed by the Teng Min-Mental State (3MS), Digit Symbol 

Substitution Test (DSST), and CLOX 1, in participations responding to the Health, Aging 

and Body Composition (Health ABC) Study.  

The first aim examined the independent and combined associations of physical 

activity and sitting time with future odds of dementia. Physical activity (kcal/week) and 

sitting time (hours/day) were self-reported in 1999-2000 and dementia status was 

evaluated from June 1, 2001 through September 30, 2014. Multivariable logistic 

regression evaluated the independent and joint associations of physical activity and 
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sitting time with odds of dementia.  

The second aim examined the associations of different types of sedentary 

behavior and 3-year change in the time spent on those activities with cognitive function 

and dementia. Multivariable linear regressions was used to examine associations between 

baseline sitting, TV watching, and reading time – and change in those behaviors – with 

cognitive function test scores. Multivariable logistic regression evaluated associations 

between change in sitting, TV, and reading time with odds of dementia. 

Results: For Aim 1, sedentary behavior and physical activity were not 

independently or jointly associated with odds of dementia. In the independent 

associations model, neither being in the high sitting group (9+ hours/day; OR=0.94, 95% 

CI=0.72, 1.23) nor being in the low physical activity group (<500 kcal/week; OR=1.06, 

95% CI=0.79, 1.42) were associated with greater odds of dementia. In the joint 

associations model, participants in the high sitting and low physical activity group did not 

have a greater odds of dementia compared with participants in the low sitting and high 

physical activity group (OR=1.16, 95% CI=0.74, 1.82).  

For Aim 2, more reading time at baseline was associated with a 0.09-point 

(SE=0.03, p<0.05) higher 3MS score and a 0.14-point (SE=0.04, p<0.01) higher DSST 

score. An increase in TV watching time between 1999-2000 and 2002-2003 was 

associated with a 1.53-point (SE=0.72, p<0.05) decrease in 3MS score. 

Conclusion: This research adds to the evidence base related to daily movement 

and cognitive function and dementia among older adults. The relationship among these 

variables is complex and difficult to study, particularly because some types of sedentary 

behavior may have benefits for cognitive function in older adults, outweighing the 
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potential harms associated with lack of movement. More research is needed to explicate 

whether and how daily movement affects and/or reflects cognitive function, including 

dementia, among older adults. 
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Chapter 1: Introduction 

Statement of the Problem 

Dementia, defined as cognitive decline to the point where it interferes with an 

individual’s daily functioning, is a significant public health problem facing older adults 

(National Institute on Aging, 2017a). Dementia is common among older adults: for 

example, analysis of data from a nationally representative study of adults over 50 in 2016 

found prevalence and incidence estimates of 7.7% and 3.8%, respectively (Farina, Zhang, 

Kim, Hayward, & Crimmins, 2022). Dementia represents the most severe form of 

cognitive decline; however, older adults frequently experience deficits in cognitive 

function that do not rise to the level of dementia. Recent estimates indicate that cognitive 

impairment occurs in 11.2% of adults aged 55-69 and 27.3% of adults aged 65 or older 

(Choi, Schoeni, Martin, & Langa, 2018; Rajan et al., 2021). Although studies have 

observed a slight decrease in prevalence in recent years (possibly due to greater 

population-level educational attainment), the number of individuals with dementia across 

the world is expected to grow as the population continues to age (Langa et al., 2017; 

Prince et al., 2016; Rajan et al., 2021). Projections indicate that, by 2035, there will be 

more older adults than children in the United States population for the first time in 

history, highlighting the scope of the issue (U.S. Census Bureau, 2018). 

Dementia is not only pervasive, but also has serious consequences for health and 

wellbeing. Alzheimer’s disease, one type of dementia, is the sixth leading cause of death 

for all age groups and the fourth leading cause of death for individuals 85 and older in the 

United States (Heron, 2019). The role of dementia in causing mortality may be even 

greater than these estimates indicate, as research shows that death certificates routinely 
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undercount dementia as a cause of death (Stokes et al., 2020). Death also occurs 

relatively quickly after developing dementia with a median survival time of 10.5 years 

after onset and 5.7 years after diagnosis (Waring, Doody, Pavlik, Massman, & Chan, 

2005).  

A dementia diagnosis has other wide-ranging impacts on both individuals and their 

families, including negative socioeconomic and psychosocial effects on care partners of a 

person living with dementia (Svanberg & Spector, 2011). For example, individuals who 

die with dementia experience enormous health care costs at the end of their lives, more so 

than those who die of heart disease or cancer (Kelley, McGarry, Gorges, & Skinner, 

2015). At the societal level, estimates put the cost of dementia care at $604 billion 

worldwide, highlighting the significant burden of this disease (Wimo et al., 2013).   

Currently no cure for dementia exists, thus it is imperative that we learn more about 

potentially modifiable risk factors for dementia to add to the science aimed at uncovering 

ways to mitigate the devastation of this debilitating disease.   

Executive Function 

Dementia and cognitive function are global terms that encompass multiple 

subdomains of cognitive function. The subdomains include sensation, perception, motor 

skills, attention and concentration, memory, speed of processing, language/verbal skills, 

and executive function (Harvey, 2019; Table 1).  

Executive function refers to the higher-order, complex cognitive processes 

necessary for reasoning, problem solving, planning for the future, and flexibly adapting  

to changing situations (Harvey, 2019; Gilbert & Burgess, 2008). Executive function is a 

particularly important domain of cognitive function because it has demonstrated links 
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with multiple health and quality 

of life outcomes, including 

mental health and physical 

health, education and career 

success, social relationships, and 

others (Diamond, 2013). In 

addition, evidence suggests that 

declines in executive function 

may occur before declines in 

globally assessed cognitive 

function and that declines in 

executive function are  

predictive of dementia onset 

(Clark et al., 2012). This is 

significant because if changes in 

executive function predate 

decline in global cognitive function and dementia, such decline may be an indicator of 

future deficits among individuals who do not manifest other signs of cognitive decline or 

dementia.  

Physical Activity, Cognitive Function, and Dementia 

 Evidence of the link between physical activity and cognitive outcomes is mixed. 

A Cochrane review of randomized control trials (RCT) evaluating the effect of physical 

activity interventions reported no benefit of physical activity for improving cognitive 

 
 
 
 
 
 
Table 1. Domains and subdomains of cognitive function 
Adapted from Harvey (2019). 
Domains Subdomains 
Sensation Multisensory 

Perception Object recognition 
Organizational strategies 

Motor skills Copying 
Drawing 
Other praxic skills 

Attention and 
concentration 

Selective attention 
Sustained attention 

Memory Working memory 
Episodic memory 
Procedural memory 
Semantic memory 
Prospective memory 

Speed of processing Semantically relevant 
Coding and tracking 

Language Naming 
Fluency 
Reading and comprehension 

Executive function Reasoning 
Problem solving 
Planning 
Adapting to changing situations 
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function among older adults without cognitive complaints and a meta-analysis of studies 

testing this relationship also did not support a link between physical activity and 

cognitive function in older adults (Young, Angevaren, Rusted, & Tabet, 2015; Etnier, 

Nowell, Landers, & Sibley, 2006). Similarly, a 2-year moderate intensity physical 

activity intervention did not lead to improvements in cognitive function in a sample of 

sedentary older adults without preexisting cognitive impairment (Sink et al., 2015). 

Lastly, a prospective cohort study with a 28-year follow-up period found no relationship 

between engaging in recommended amounts of physical activity and dementia risk (Sabia 

et al., 2017). 

However, an Agency for Healthcare Research and Quality (AHRQ) systematic 

review that examined the effectiveness of cognitive decline and dementia prevention 

interventions reported that, while the evidence was mixed and not altogether sufficient, 

physical activity is one promising avenue to continue exploring (Kane et al., 2017). This 

conclusion is borne out in other literature, including systematic reviews, meta-analyses, 

and randomized control trials, that demonstrates physical activity may lead to improved 

cognitive function (Bherer, Erickson, & Liu-Ambrose, 2013; Nagamatsu et al., 2013; Sofi 

et al., 2011; Zhu et al., 2017; Hamer, Terrera, & Demakakos, 2018; Zheng, Pleuss, 

Turner, Ducharme, & Aguiar, 2022). Furthermore, the 2018 Physical Activity Guidelines 

Advisory Committee Scientific Report determined that there was moderate evidence to 

support the existence of a benefit from engaging in long-term physical activity on 

cognitive function (PAGAC, 2018).  

Regarding dementia, a 2014 meta-analysis of prospective cohort studies reported 

that physical activity was associated with an 18% reduction in dementia risk (Blondell, 
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Hammersley-Mather, & Veerman, 2014). In 2015, an evidence review concluded that 

there was strong evidence to support the role of physical activity in preventing dementia 

(Baumgart et al., 2015). A meta-analysis published in 2017 reported that physical activity 

was protective against Alzheimer’s disease, but not dementia considered more broadly 

(Guure, Ibrahim, Adam, & Said, 2017). Finally, a 2018 systematic review of prospective 

observational studies found that regular physical activity was associated with lower risk 

of dementia (Lee, 2018).  

Specific to executive function, a systematic review of six studies conducted in 

older adults with Alzheimer’s disease revealed that physical activity was significantly 

associated with better executive function in four studies and trended in that direction in 

the other two studies (Guitar, Connelly, Nagamatsu, Orange, & Muir-Hunter, 2018). In 

another systematic review of physical activity interventions in older adults with mild 

cognitive impairment (MCI) or dementia, six studies among participants with MCI 

measured executive function, three of which noted a positive effect (the other three had 

no effect). Four of the studies among participants with dementia measured executive 

function, and three of those had a positive effect, while the remaining study reported no 

effect (Öhman, H., Savikko, N., Strandberg, T. E., & Pitkälä, 2014). Another systematic 

review of 23 studies of cognitively intact older adults reported that exercise improved 

executive function, although the effect sizes were small (Sanders, Hortobágyi, la Bastide-

van Gemert, van der Zee, & van Heuvelen, 2019).  

While the weight of the literature seems to support physical activity as an avenue 

for improving cognitive function and reducing dementia risk, it is clear that we do not yet 

have a full understanding of this relationship. There are multiple potential reasons for the 



6 

 

discrepant findings and poor evidence quality, including differences between 

observational and interventional studies, how physical activity is assessed, the length and 

frequency of engagement in the physical activity, how cognitive function is assessed, and 

the length of time between the exposure and the outcome variables. One possible 

explanation that will be explored here is the singular focus on physical activity or, in 

other words, failing to consider how another aspect of movement, sedentary behavior, 

may independently or jointly with physical activity affect cognitive function and 

dementia. 

Sedentary Behavior, Cognitive Function, and Dementia 

Sedentary behavior is a particularly significant public health concern for older 

adults. While prevalence estimates vary depending on how studies define and measure 

sedentary behavior, a 2015 systematic review found that adults 60 years and older are 

sedentary for up to 80% of the time that they are awake (Harvey, Chastin, & Skelton, 

2015). A 2017 analysis of Reasons for Geographic and Racial Differences in Stroke study 

data corroborated this finding with objective measurements, determining that older adults 

spend 77% of waking time sedentary (Diaz et al., 2017). This is problematic for many 

health outcomes as the amount of time that older adults are sedentary is inversely 

associated with functional ability, quality of life and wellbeing, metabolic risk, and 

mortality (Copeland et al., 2017; Madden, Feldman, & Chase, 2021; Ekelund et al., 

2019).   

The link between sedentary behavior and cognitive function has yet to be fully 

examined, however. Some research indicates that reducing sedentary time could be 

beneficial for brain health and has even proposed potential mechanistic links to explain 
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the association, but studies in older adults to date have been largely cross-sectional in 

nature (Edwards & Loprinzi, 2017a; Edwards & Loprinzi, 2017b; Wheeler et al., 2017). 

One longitudinal study that examined the effect of sedentary behavior on cognitive 

function reported that more sedentary time was associated with declining cognitive 

function two years later (Ku, Liu, Lo, Chen, & Stubbs, 2017); however, another study 

that combined data across five cohorts of persons without dementia did not observe this 

relationship (Maasakkers et al., 2020). Regarding dementia specifically, a recent meta-

analysis of data from 18 cohort studies concluded that being sedentary increases risk of 

dementia by 30 percent, although a critique of the article noted that the investigators may 

have conflated sedentary behavior with physical inactivity (Yan et al., 2020; Dillon & 

Gardiner, 2021). Relatedly, a pair of systematic reviews indicate that results from high 

quality cohort studies suggest an association between sedentary behavior and cognitive 

impairment, but inconsistent measurement across studies makes it difficult to determine 

the extent of the association (Falck et al., 2017; Olanrewaju, Stockwell, Stubbs, & Smith, 

2020).  

Other research suggests that certain types of sedentary behavior may benefit 

cognitive function whereas other types may have a negative effect (Bakrania et al., 2018; 

Kesse-Guyot et al., 2012), which could be another potential explanation for mixed 

findings across studies. For example, evidence shows that television (TV) watching is 

associated with worse cognitive function in older adults (Copeland et al., 2017; Fancourt 

& Steptoe, 2019; Fajersztajn, Di Rienzo, Nakamura, & Scazufca, 2021). However, 

reading and other cognitively stimulating activities performed while sedentary may be 

positively associated with cognitive function (Kurita et al., 2019; Nemoto et al., 2018). 
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The lack of a well-developed evidence base regarding different types of sedentary 

behavior and their association with cognitive decline in older adults highlights the need 

for more research in this area.  

Sedentary Behavior as an Independent Behavior from Physical Activity 

In 2012, The Sedentary Behaviour Research Network proposed a standardized 

definition of sedentary behavior that is distinct from physical activity (or lack thereof): 

“any waking behaviour characterized by an energy expenditure ≤1.5 metabolic 

equivalents [of task (METS)] while in a sitting or reclining posture” (p. 540). To put this 

in context, a MET is the ratio of the energy cost of performing a given activity relative to 

the resting metabolic rate (RMR = 1 MET). Thus, when performing an activity of 4 

METs (say, brisk walking), one is working at 4 times their RMR (Jetté, Sidney, & 

Blümchen, 1990). While there remains some disagreement among researchers regarding 

how precisely to define sedentary behavior, the definition proposed by The Network has 

seen broad uptake in the field (Tremblay et al., 2017). Indeed, several studies suggest that 

sedentary behavior and lack of physical activity are independent behaviors with regard to 

their association with health and function and that performing minimal recommended 

levels of physical activity (i.e., 150 min/week of moderate-intensity activity) may not be 

enough to compensate for high levels of uninterrupted sedentary time (Katzmarzyk, 

2010; Gennuso, Gangnon, Matthews, Thraen-Borowski, & Colbert, 2013). This paradigm 

shift is further demonstrated by the inclusion of sedentary behavior as independent from 

physical activity for the first time in the 2018 Physical Activity Guidelines for Americans 

(Physical Activity Guidelines Advisory Committee, 2018). To illustrate the combined 

effects of physical activity and sedentary behavior, the Guidelines Committee developed 
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a “heat map" (Figure 1) that 

depicts increasing risk of 

all-cause mortality with 

higher sedentary time and 

low moderate to vigorous 

physical activity (PAGAC, 

2018).  

Joint Effects of Physical 

Activity and Sedentary 

Behavior 

Evidence suggests 

that sedentary behavior and 

physical activity are 

independent risk factors for health outcomes and that sedentary behavior is not simply the 

absence of physical activity (Physical Activity Guidelines Advisory Committee, 2018). 

However, the interaction of sedentary behavior and physical activity may be essential for 

influencing health in a way that cannot be understood by simply examining the effects of 

each independent of the other (Guallar-Castillón et al., 2019). This is particularly true as 

activity patterns tend to change with age, with levels of physical activity decreasing and 

sedentary time increasing (Evenson, Buchner, & Morland, 2012). Indeed, previous 

research has demonstrated that compensating for sedentary time with moderate to 

vigorous physical activity can reduce risk of all-cause mortality, indicating that, perhaps, 

enough or certain types of physical activity may reduce risk of sedentary time on health 

Figure 1. 2018 Physical Activity Guidelines Scientific Report 
Heat Map of Relationship Among Moderate-to-Vigorous 
Physical Activity, Sitting Time, and Risk of All-Cause 
Mortality 
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outcomes (Ekelund et al., 2016). In addition, the negative outcomes associated with being 

sedentary are exacerbated among those with low levels of physical activity, suggesting 

that the pattern of interaction between the two behaviors may be essential for 

understanding the association between activity levels and health (Katzmarzyk et al., 

2019). Similar findings have been demonstrated regarding physical function in older 

adults, wherein high levels of physical activity offset some of the risk of disability 

associated with being sedentary (DiPietro, Jin, Talegawkar, & Matthews, 2018).  

Recently, investigators examined data from the English Longitudinal Study on 

Ageing (N=12,099) and reported that participants who were sedentary at baseline but 

active 15 years later had lower risk of dementia than those who remained sedentary over 

the study period (Feter, Leite, Smith, Coombes, Rombaldi, 2020). However, this study 

examined replacing sedentary behavior with physical activity sequentially and still 

operationalized sedentary behavior as the absence of physical activity, rather than as an 

independent risk factor, and thus, did not evaluate their joint association with cognitive 

function. A small-scale experimental study among young adults did not find a 

relationship between the joint effects of sedentary behavior and physical activity and 

cognitive function (Blough & Loprinzi, 2019). However, participants had a mean age of 

20 years old and thus may not experience detectable changes in cognitive function in the 

same way as older adults. Beyond these studies, a model of joint effects of sedentary 

behavior and physical activity has not been rigorously applied to cognitive decline in 

older adults. As a result, it is unknown whether sedentary behavior and physical activity 

combine to influence cognitive outcomes in older age. Understanding how the interplay 

of sedentary behavior and physical activity can increase or attenuate risk of dementia at 
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different activity levels could have important implications for the evidence base around 

primary prevention or reduction of dementia and cognitive deficits in old age. 

Theoretical Framework 

This study used a biopsychosocial model to contextualize how sedentary behavior 

and physical activity might independently and jointly influence cognitive function and 

dementia. The biopsychosocial model was developed by George Engel in 1977 as a 

response to traditional medical models that did not consider psychosocial factors that also 

influence disease and health outcomes. Since then, the framework has gained widespread 

recognition and remains relevant today in providing a more holistic conceptualization of 

disease (Wade & Halligan, 2017). For this research, Engel’s biopsychosocial model was 

adapted to create a behavioral psychosocial model of cognitive function, due to the 

primary focus on health behaviors as predictors of cognitive function. Because cognitive 

function is complex, it is likely 

that a variety and confluence of 

behavioral, psychological, and 

social factors affect the outcome 

(Spector & Orrell, 2010). For that 

reason, while sedentary behavior 

and physical activity are the main 

predictors of interest, they are 

situated within a constellation of 

other possible behavioral, social, 

and psychological predictors of cognitive function (Figure 2).   

Figure 2. Behavioral Psychosocial Model of Sedentary 
Behavior, Physical Activity, and Cognitive Function   
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In this framework, health behaviors (including physical activity, sedentary 

behavior, and smoking) are one major component thought to influence cognitive 

function. Education is noted in the overlap between behavioral and social factors because, 

while it is a behavior, it also represents opportunities for social interactions as well as 

position in the social hierarchy. Race/ethnicity and gender are included in the framework 

as social constructs. Depression is included as the only purely psychological factor. 

Lastly, self-rated health is in the overlap between psychological and biological 

components because while health is influenced by an individual’s behaviors, one’s 

perception of health is affected by their psychology.  

Manuscript Aims 

Manuscript 1: Examine the joint associations of sedentary behavior and physical 

activity in 1999-2000 on odds of dementia from June 1, 2001 to September 30, 2014 in 

participants responding to the Health, Aging and Body Composition (Health ABC) study. 

Examine the joint associations of sedentary behavior and physical activity in 1999-2000 

on cognitive function and executive function in 2006-2007 in in the same population.  

Hypothesis 1a: Health ABC participants who exhibit high sedentary time and low 

physical activity in 1999-2000 will have higher odds of dementia across 13 years of 

follow-up relative to older adults with low sedentary time and high physical activity, 

independent of key sociodemographic, health, and behavioral covariables. 

Hypothesis 1b: Odds of dementia will be accelerated among those who sit the 

most and who are the least active, independent of key sociodemographic, health, and 

behavioral covariables. 

Hypothesis 1c: Health ABC participants who exhibit high sedentary time and low 
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physical activity in 1999-2000 will have lower cognitive and executive function scores in 

2006-2007 relative to participants with low sedentary time and high physical activity, 

independent of key sociodemographic, health, and behavioral covariables. 

Manuscript 2: Examine the effects of 3-year change (1999-2000 to 2002-2003) in 

different types of sedentary behavior on cognitive function and executive function in 

2006-2007 in participants responding to the Health ABC study. Determine the effects of 

3-year change in different types of sedentary behavior on odds of dementia from June 1, 

2004 to September 30, 2014 in the same population.  

Hypothesis 2a: Sedentary time, including time spent sitting upright, watching TV,  

and reading, in 1999-2000 will predict global cognitive function (assessed by the Teng 

Mini-Mental State; 3MS) and executive function (assessed by the CLOX 1) in 2006-

2007, independent of key sociodemographic, mental and physical health, and behavior 

covariables. Sedentary time in 1999-2000 will also predict cognitive function, as assessed 

by the Digit Symbol Substitution Test (DSST), in 2006-2007, independent of key 

sociodemographic, mental and physical health, and behavior covariables. 

Hypothesis 2b: Increased sitting and TV time over 3 years (from 1999-2000 to 

2002-2003) will predict worse cognitive function (assessed by 3MS and DSST) and 

executive function (assessed by CLOX 1) in 2006-2007, independent of key 

sociodemographic, mental and physical health, and behavior covariables. Increased 

reading time over 3 years (from 1999-2000 to 2002-2003) will predict higher cognitive 

function (assessed by 3MS and DSST) and executive function (assessed by CLOX 1) in 

2006-2007, independent of key sociodemographic, mental and physical health, and 

behavior covariables. 
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Hypothesis 2c: Those participants who increase sitting and TV time between 

1999-2000 and 2002-2003 will have higher odds of dementia across 10 years of follow-

up (June 1, 2004 to September 30, 2014) relative to participants who maintained or 

decreased sedentary and TV time. Those participants who increased reading time 

between 1999-2000 and 2002-2003 will have lower odds of dementia, compared with 

participants who maintained or decreased reading time. 
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Chapter 2: Methods 

The Health ABC Study 

 Secondary analyses of data from Health ABC were used to test these hypotheses. 

The National Institute on Aging conducted Health ABC, a prospective cohort study of 

older adults who were aged 70-79 when recruitment began in 1997-1998 (National 

Institute on Aging, n.d.). The participants were followed for 16 years, and data collection 

occurred through both questionnaires and clinical examinations. The goal of the study 

was to examine the role of body composition as a potential mechanism whereby 

behavioral and health factors lead to decreases in independence and function in old age.  

 Participants were a random sample of Medicare beneficiaries living in pre-

selected zip code areas in Memphis, Tennessee and Pittsburgh, Pennsylvania at the time 

of recruitment (Peninx et al., 2003). To be eligible for recruitment, participants had to 

report ability to walk a quarter of a mile, climb ten steps, not use equipment for walking, 

and report no difficulties with activities of daily living (Colbert et al., 2004). In addition, 

the participants could not have been treated for cancer within three years prior to 

recruitment or have plans to leave the area for three years. At least one-third of the 3,075 

participants were Black/African American (National Institute on Aging, n.d.).  

Protection of Human Subjects 

 This dissertation research was performed through secondary data analysis and did 

not pose greater than minimal risk to human subjects. Regardless, this study received a 

determination from The George Washington University Institutional Review Board (IRB) 

that the project was exempt from IRB review. In addition, a Data Management Plan 

approved by The George Washington University documented how data were securely 
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handled and protected. Lastly, to access the data, an authorized representative of The 

George Washington University and the author entered into a data use agreement with The 

National Institute on Aging to ensure that the data were handled appropriately.  

Timeline of Assessments 

 Both manuscripts used 1999-2000 data for the independent variables and 2006-

2007 data for the cognitive function dependent variables. Since 1999-2000 was the first 

wave in which both physical activity and sedentary behavior were assessed in Health 

ABC, those data were used as baseline data even though the study began in 1997-1998. 

The CLOX 1 was last administered to the full sample in 2006-2007, which also included 

the 3MS and DSST assessments. For Manuscript 1, dementia status was cumulatively 

assessed from June 1, 2001 through September 30, 2014, allowing for dementia cases to 

be pooled across 13 years of follow-up. Figure 3 depicts the timeline of assessments for 

each of the hypotheses tested in Manuscript 1. 

Manuscript 2 also used sedentary behavior data from 2002-2003, which was the 

final time that these data were collected from the full sample, to model 3-year change in 

sedentary behavior. Manuscript 2 included dementia cases pooled across June 1, 2004 

through September 30, 2014, allowing for 10 years of follow-up. Figure 4 depicts the 

Figure 3. Manuscript 1 Timeline of Assessments 
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timeline of assessments for each of the hypotheses tested in Manuscript 2. 

Measures 

Sedentary Behavior 

Health ABC measured sedentary behavior with three questions that were used 

across the two manuscripts in this dissertation research. The first question is: “During an 

average 24-hour day, about how many hours do you usually spend sitting upright? Be 

sure to include time sitting at the table eating, driving or riding in a car or bus, sitting 

watching T.V. or talking, etc.” This item was the primary measure of interest for 

sedentary time in Manuscript 1. The variable was used as a continuous measure for 

Manuscript 2 baseline associations with cognitive function and dementia and as a 

categorical measure for Manuscript 1, with two levels: eight hours or less per day and 

greater than nine hours per day. 

 Analyses for both manuscripts were repeated using an individual item that 

assessed TV watching: “About how many hours per week do you spend watching 

television?”. The inclusion of the TV item in Manuscript 1was based on findings from 

Figure 4. Manuscript 2 Timeline of Assessments 
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DiPietro and colleagues’ (2018) study, in which associations were stronger when time 

spent watching TV was used in the models instead of total sedentary time. The authors 

posit that possible reasons for these findings are that TV time is easier to recall because it 

is more structured and/or that individuals may be more likely to sit uninterrupted while 

watching TV. This variable was divided into two categories for both manuscripts: zero to 

twenty-seven hours and twenty-eight or greater hours per week. These groupings are 

based on research by Fancourt and Steptoe (2019), which found a threshold effect 

wherein 3.5 hours or more of TV watching per day was associated with poorer cognitive 

function, but there was no observed detriment from watching three hours or fewer.  

 Manuscript 2 also included analyses that used time spent reading as a third 

measure of sedentary behavior based on findings from the literature that reading, even 

when performed in a sitting or reclined position, may be cognitively beneficial (Kurita et 

al., 2019; Nemoto et al., 2018). The question in Health ABC asked, “About how many 

hours per week do you spend reading, including books, newspapers, and magazines?”. 

This variable was left continuous to preserve variation.  

 Changes in sitting and reading time between 1999-2000 and 2002-2003 were 

operationalized by creating categorical change variables that represented whether 

participants decreased, maintained, or increased time spent sitting or reading 

(0=decreased time, 1=maintenance, 2=increased time). For TV watching, the change 

variable was created with four categories: 1=maintaining a low level (0-27 hours/week), 

2=maintaining a high level (28+ hours/week), 3=increasing from low to high, or 

4=decreasing from high to low.  
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Physical Activity 

 The physical activity questionnaire used in Health ABC was designed specifically 

for the study, and was modeled after other validated scales, primarily the Minnesota 

Leisure Time Physical Activity Questionnaire (Lange‐Maia et al., 2015). In the 

questionnaire, participants were first asked whether they have performed a specific 

activity at least 10 times in the past year. If they indicated that they had, participants were 

then asked whether they had performed the activity or exercise in the last 7 days. If the 

answer to that question was yes, the participants were next asked questions about the 

amount of time spent doing the activity, as well as the intensity level. Table 2 lists each 

question asked in the physical activity scale, along with the response options. 

Table 2. Physical activity questionnaire items  
The first question in each section is denoted by italics. 

Item Response Options 

In the past 12 months, did you go walking for exercise, at least 10 times? 

Yes 

No  

Don’t know 

In the past 7 days, did you go walking for exercise? 
Yes 

No 

How many times did you go walking for exercise in the past 7 days? Open-ended (number of times) 

About how much time, on average, did you spend 

walking each time you walked (excluding rest periods)? 
Open-ended (hours and minutes) 

When you walk for exercise, do you usually walk at a brisk pace (as fast as 
you can), a moderate pace, or at a leisurely stroll? 

Brisk 

Moderate 

Stroll 

Don’t now 

About how many blocks, on average, did you walk each time? Open-ended (number of blocks) 

In the past 12 months, did you do any other type of walking, such as 
walking to work, the store, to church, or walking the dog, at least 10 times? 

Yes  

No 

Don’t know 

In the past 7 days, did you do other walking? 
Yes 

No 

How many times did you do other walking in the past 7 days? Open-ended (number of times) 

About how much time, on average, did you spend doing other walking 
each time you walked (excluding rest periods)? Open-ended (hours and minutes) 



20 

 

When you do other walking, do you usually walk at a brisk pace (as fast as 
you can), a moderate pace, or at a leisurely stroll? 

Brisk 

Moderate 

Stroll 

Don’t know 

About how many blocks, on average, did you walk each time? Open-ended (number of blocks) 

In the past 12 months, did you walk up a flight of stairs (a flight is about 10 
steps), at least 10 times? 

Yes  

No  

Don’t know 

In the past 7 days, did you walk up a flight of stairs? 
Yes  

No 

About how many flights did you walk up in the past 7 days? If you are 
unsure, please make your best guess. Open-ended (number of flights) 

About how many of these flights did you walk up carrying a small load like 
laundry, groceries, or an infant? Open-ended (number of flights) 

In the past 12 months, did you do any high intensity exercise such as 
bicycling, swimming, jogging, racquet sports or using a stair-stepping, 
rowing or cross country ski machine or exercycle, at least 10 times? 

Yes 

No 

Don’t know 

In the past 7 days, did you do high intensity exercise activities? 
Yes 

No 

What activity(ies) did you do? 

Bicycling/exercycle 

Swimming 

Jogging 

Aerobics 

Stair-stepping 

Racquet sports 

Rowing machine 

Cross country ski machine 

Other (specify) 

In the past 7 days, about how much time did you spend doing (each 
activity)? Open-ended (hours and minutes) 

Previous studies using the physical activity data from Health ABC have converted 

the responses to the questions into energy costs, measured in kilocalories per week 

(kcal/week), to create a summary variable that encompasses weekly energy expenditures 

across activity types (Koster et al., 2008; Brach et al., 2004; Havlik et al., 2003; Peterson 

et al., 2009; Visser et al., 2005; Lange‐Maia et al., 2015). This process entails assigning a 

metabolic equivalent to each activity based on the intensity of the activity. The metabolic 

equivalents are derived from a compendium that quantifies the energy costs of a wide 
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variety of physical activity types and that is standard in the field of physical activity 

research (Ainsworth et al., 2011). After the metabolic equivalents have been determined, 

they are multiplied by the amount of time spent doing the activity per week and by the 

participant’s body weight to obtain the kcal/week values. The summary variable includes 

the kcal/week measurements for all the tasks reported by the participant. Based on the 

summary variable, participants were then divided into three different activity level 

categories: 0-499 kcal/week, 500-1,999 kcal/week, and 2000+ kcal/week.  

Joint Sedentary Behavior and Physical Activity Variables  

 The joint associations of sedentary behavior and physical activity with cognitive 

function and dementia were determined by nesting the two sitting time categories into 

each of the three physical activity categories. In other words, within each level of 

physical activity, there were two levels of sedentary behavior. Indicator variables were 

created for each possible combination, for a total of six indicator variables. The indicator 

variables are displayed in Table 4. The same process was completed for the two 

categories of hours spent watching TV per day and the three physical activity categories.  

Cognitive Function and Dementia 

 Global cognitive function in Health ABC was assessed using the 3MS. The 3MS 

measures cognitive function across a range of domains, including orientation, attention, 

Table 4. Joint sedentary behavior and physical activity variables. 
Variable Label Description 

Low PA, low sedentary 0-499 kcal/week PA, 0-8 hrs sitting 

Low PA, high sedentary 0-499 kcal/week PA, 9+ hrs sitting 

Medium PA, low sedentary 500-1,999 kcal/week PA, 0-8 hrs sitting 

Medium PA, high sedentary 500-1,999 kcal/week PA, 9+ hrs sitting 

High PA, low sedentary 2,000+ kcal/week PA, 0-8 hrs sitting 

High PA, high sedentary 2,000+ kcal/week PA, 9+ hrs sitting 
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and recall, among others (Yaffe et al., 2009). Example questions from the 3MS include 

asking the participant where and when they were born, how to spell words, to count from 

1 to 5, to recall words, where they are in space (i.e., city, county, state) and time (i.e., 

date, day of the week, season), and others. Possible scores range from 0-100, with higher 

scores indicating better cognitive function. The 3MS is an enhanced version of the more 

commonly employed Mini-Mental State Examination (MMSE), offering better sensitivity 

and specificity in screening for dementia (Health ABC, n.d.).   

 Health ABC also included the Digit Symbol Substitution Test (DSST), which is a 

polyfactorial measure of cognitive function, but is not considered a measure of global 

cognitive function. In other words, the DSST assesses several subdomains of cognitive 

function, but not all of them. While there is some debate about the specific subdomains 

measured by DSST, most researchers coalesce around the DSST as an assessment of 

motor skills, attention, and executive function (Jaeger, 2018; Lambiase, Kuller, & 

Matthews, 2014; Yaffe et al., 2008; Lin et al., 2014). Notwithstanding this lack of 

specificity, one of the strengths of the DSST is that it is very sensitive to cognitive 

impairment, which is why it was included in the present research – the DSST may 

identify deficits in cognitive function that the 3MS may not (Jaeger, 2018).  

 The DSST is a paper and pencil test, which has a key at the top that matches 

symbols with digits from one to nine. Below the key are four rows of 25 sets of double 

boxes with a digit in the top box and the bottom box empty. The participant is asked to 

draw the symbol in the bottom box that matches the number in the top box.  The score is 

the number of correct symbols provided in 90 seconds. Higher scores indicate better 

performance (Rosano, Newman, Katz, Hirsch, & Kuller, 2008; Lambiase et al., 2014). 
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 Executive function in Health ABC was measured with the CLOX 1. The CLOX 1 

is a clock drawing task wherein participants are asked to draw a clock that shows 1:45. 

Various elements of the clock drawing (e.g., whether the clock is a circle, whether the 

numbering and spacing are correct, whether the hands are in the correct positions, etc.) 

are then assessed by a rater. Possible scores range from zero to fifteen, with higher scores 

indicating better executive function. The CLOX 1 has been determined to be reliable and 

valid as a measure of cognitive function (Royall, Cordes, & Polk, 1998).  

Dementia in Health ABC was assessed using a binary indicator variable (0=no 

dementia, 1=dementia) derived from multiple sources of data, including whether the 

participant has been prescribed a medication used to treat dementia specifically (e.g., 

galantamine, rivastigmine, memantine, donepezil, or tacrine); received a dementia 

diagnosis; or demonstrated a race-adjusted decline in 3MS score of 1.5 or more standard 

deviations. Participants were considered to have dementia if they met one or more of 

these criteria. Dementia cases for Manuscript 1 were pooled across 13 years of follow-up, 

starting on June 1, 2001 (one year after baseline data collection concluded in 2000) and 

ending on September 30, 2014. Dementia cases for Manuscript 2 were pooled across 10 

years of follow-up, starting on June 1, 2004 (one year after data collection for the second 

year used to create the change variables concluded in 2003) and ending on September 30, 

2014.   

Covariables 

Race/ethnicity. Health ABC included a race variable that allows for comparisons 

between Black/African American individuals and White individuals. The data were 

coded such that White=1 and Black=2. By design, other races were not identified in the 
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dataset.  

Demographics. Age, education, and gender were statistical controls in the models. 

Education in Health ABC was measured as 1=less than high school education, 2=high 

school graduate, and 3=postsecondary. Age (measured continuously) was assessed at 

each wave. Gender was a dichotomous variable, coded as Male=1 and Female=2. 

Physical function. The Health ABC investigators created a walking ability index 

as an indicator of physical function (Simonsick et al., 2009). The index was constructed 

from a series of questions that ask participants whether they have any difficulty walking a 

quarter of a mile. Those who reported difficulty were asked the extent of difficulty (i.e., a 

little, some, or unable to walk). Those who did not report difficulty were asked how easy 

it was for them to walk, with possible response options of very, somewhat, or not so easy. 

This set of questions was repeated for walking a full mile. Scores on the index range from 

zero to nine, with zero indicating inability to walk a quarter of a mile and nine indicating 

walking a mile is very easy.  

Self-rated health. Self-rated health is a single item measure: “In general, how 

would you say your health is? Would you say it is excellent, very good, good, fair, or 

poor?” The data were scored as 1=excellent, 2=very good, 3=good, 4=fair, and 5=poor.  

BMI. Body mass index (kg/m2) was calculated based on measured height and 

weight. 

Smoking status. The Health ABC dataset included a calculated smoking status 

variable with categories of 0=never smoker, 1=current smoker, and 2=former smoker  

Depressive Symptoms. Depressive symptoms were measured using the Center for 

Epidemiologic Studies Depression (CES-D 10) short form scale (Williams et al., 2015). 
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Possible scores range from 0-30, with higher scores indicating more depressive 

symptoms. Scores on the CES-D were left continuous to preserve variation.  

Statistical Analysis Plan 

Univariate Analyses 

Univariate analyses were conducted for all variables to derive measures of central 

tendency (mean±SD) and frequencies (%). These analyses helped inform descriptive 

statistics to characterize the study samples. Analyses were conducted using participants 

with non-missing data for the independent and dependent variables.  

Manuscript 1 Analyses 

Logistic regression tested Hypothesis 1a (Health ABC participants who exhibit 

high sedentary time and low physical activity in 1999-2000 will have a higher risk of 

dementia across 13 years of follow-up, compared with older adults with low sedentary 

time and high physical activity) by modeling the relationship between joint associations 

of sedentary behavior and physical activity in 1999-2000 and cumulative odds of 

dementia across June 1, 2001 to September 30, 2014.  

For Hypothesis 1b (odds of dementia will be accelerated among those who sit the 

most and who are the least active), odds ratios for each of the joint associations indicator 

variables were then plotted to determine visually whether the odds ratios increased in a 

dose-response manner as physical activity decreased and sedentary time increased.  

To test Hypothesis 1c (Health ABC participants who exhibit high sedentary time 

and low physical activity in 1999-2000 will have lower cognitive and executive function 

scores in 2006-2007), multivariable linear regression was used to model the relationships 

between the joint associations of sedentary behavior and physical activity in 1999-2000 
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and 3MS, CLOX 1, and DSST scores in 2006-2007.  

Manuscript 2 Analyses 

Linear regression was used to test Hypothesis 2a (time spent sitting upright, 

watching TV, and reading in 1999-2000 will predict global cognitive function and 

executive function in 2006-2007). The regressions modeled the relationships between 

sedentary behavior (time spent sitting upright, watching TV, and reading) in 1999-2000 

and 3MS, CLOX 1, and DSST scores in 2006-2007.  

Similarly, linear regression was used to test Hypothesis 2b (increased sitting and 

TV time between 1999-2000 and 2002-2003 will predict lower cognitive function and 

executive function in 2006-2007 while increased reading time over the same 3-year 

period will predict higher cognitive function and executive function in 2006-2007). The 

regressions modeled the relationships between change in sedentary time between 1999-

2000 and 2002-2003 (operationalized with previously described categorical change 

variables) and 3MS, CLOX 1, and DSST scores in 2006-2007. 

Lasty, logistic regression tested Hypothesis 2c (participants who increased sitting 

and TV time between 1999-2000 and 2002-2003 will have higher odds of dementia 

across 10 years of follow-up while those who increased reading time will have lower 

odds of dementia across the same time period) by modeling the relationship between 

change in sedentary time and odds of dementia.   



27 

 

Chapter 3: Manuscript 1  

Joint associations of physical activity and sitting time on 7-year odds of dementia: 

The Health ABC Study 

Laura Major1, Eleanor M. Simonsick2, Melissa A. Napolitano1,3, and Loretta DiPietro3 

Departments of 1Prevention & Community Health and 3Exercise & Nutrition Sciences, 

Milken Institute School of Public Health, The George Washington University, 

Washington, DC and 2Intramural Research Program, Translational Gerontology Branch, 

National Institute on Aging, Baltimore, MD 

 

Running title: Physical activity, sitting, and dementia 

 

Word count: Abstract 232; Manuscript 3,925 

 

Author contact: Loretta DiPietro, PhD, MPH 
   Department of Exercise and Nutrition Sciences 
   Milken Institute School of Public Health 
   The George Washington University 

950 New Hampshire Ave 
Washington, DC 20052 
 ldp1@gwu.edu 
 
 

  

mailto:ldp1@gwu.edu


28 

 

Abstract 

Background: Physical activity represents one component of daily movement. This study 

aims to examine the combined associations of physical activity and sitting time, as a 

more complete representation of movement, with future odds of dementia. Methods: We 

analyzed prospective data from 1,988 men and women (52%) aged 72-81 years at 

baseline participating in the Health Aging and Body Composition (Health ABC) Study 

between baseline (1999-2000) and study conclusion (2014). Physical activity (kcal/week) 

and sitting time (hours/day) were self-reported in 1999-2000 and dementia status was 

evaluated from June 1, 2001 through September 30, 2014. Multivariable logistic 

regression determined the independent and joint associations of physical activity and 

sitting time with odds of dementia. Results: In the independent associations model, 

neither being in the high sitting group (9+ hours/day; OR=0.94, 95% CI=0.72, 1.23) nor 

being in the low physical activity group (<500 kcal/week; OR=1.06, 95% CI=0.79, 1.42) 

were associated with greater odds of dementia. In the joint associations model, 

participants in the high sitting and low physical activity group did not have a greater odds 

of dementia, compared with participants in the low sitting and high physical activity 

group (OR=1.16, 95% CI=0.74, 1.82). Conclusion: We did not observe a relationship 

between physical activity and sitting time and incident dementia either independently or 

jointly. More research is needed to explicate whether and how daily movement affects 

and/or reflects cognitive decline, including dementia, among older adults.  
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Introduction 

Aging is the primary risk factor for most types of dementia (Wahl et al., 2019). 

Thus, due to aging demographics, the global prevalence of dementia is expected to nearly 

double from 36 million cases in 2010 to 66 million cases in 2030 (Prince et al., 2016; 

Langa et al., 2017). Approximately 7.7%  of adults 50 years and older in the United 

States have dementia (Farina et al., 2022). These estimates of dementia are expected to 

increase by 2050 (Hebert et al., 2013; Friedman et al., 2013) and have significant 

implications for the health and function of older adults, as well as for their families, and 

the healthcare system (Hurd et al., 2013). Currently, there is no cure for dementia 

(Centers for Disease Control and Prevention, 2019), which underscores the importance of 

examining potentially modifiable behaviors that can mitigate both the development and 

progression of this disease.   

A growing body of literature suggests that physical activity may protect against 

dementia (Blondell, Hammersley-Mather, & Veerman, 2014; Baumgart et al., 2015; 

Guure, Ibrahim, Adam, & Said, 2017), with evidence from a meta-analysis of a dose-

response relationship between increasing levels of leisure time physical activity and 

decreasing risk of dementia and Alzheimer’s disease (Xu, Wang, Wan, Tan, Yu, & Tan, 

2017). Recently, the 2018 Physical Activity Guidelines Advisory Committee Scientific 

Report (PAGAC, 2018) concluded that moderate evidence supports the benefit of regular 

physical activity to brain health – even among older people with existing dementia and 

Alzheimer’s disease (Groot et al., 2016). In contrast, a recent review of intervention and 

observational studies in people with mild cognitive impairment or dementia (Demurtas et 

al., 2020) highlighted substantial bias among these studies, which diminishes the 
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certainty of the evidence on the effectiveness of physical activity for altering the 

trajectory of cognitive decline. Among the reasons for the disparate findings were 

numerous methodological issues, including differences between observational and 

intervention studies, in the assessment of physical activity and cognitive function, in the 

dose and timing of physical activity, and in the length of follow-up. It is possible that one 

reason it has been difficult to establish a relationship between physical activity and 

dementia is that physical activity is only one component of daily movement and that the 

joint associations of physical activity and sedentary behavior, as a more complete 

representation of movement, may be more informative. 

Although the existing evidence suggests that physical activity and sedentary 

behavior are independent risk factors for health outcomes (USDHHS, 2018), conceivably 

the interaction of these two behaviors may affect health and function in a way that cannot 

be understood by simply examining each independently from the other (Guallar-Castillón 

et al., 2014). In fact, the 2020 WHO Physical Activity and Sedentary Behavior 

Guidelines Development Group identified the lack of information on the joint association 

between physical activity and sedentary time with health outcomes across the life-course 

as an evidence gap (DiPietro et al., 2020). Although several studies have examined these 

joint associations in older adults (DiPietro, Jin, Talegawkar, & Matthews, 2018; Feter, 

Leite, Smith, Coombes, & Rombaldi, 2020; Blough & Loprinzi, 2019; Yerramalla et al., 

2021), to our knowledge, this study is among the first to consider them with respect to 

cognitive function and dementia.  

Therefore, the purpose of this study was to examine the combined associations of 

physical activity and sitting time with the likelihood of developing dementia over a 
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period of 13 years. The study sample consists of older people participating in the Health, 

Aging and Body Composition (Health ABC) Study. Similar to other studies examining 

these joint effects (Katzmarzyk et al., 2019; DiPietro et al., 2018; Ekelund et al., 2016), 

we hypothesized that the odds of dementia would increase in a dose-response manner 

with decreasing levels of physical activity combined with increasing sedentary behavior. 

We also examined whether physical activity and sedentary behavior were jointly 

associated with scores on cognitive function tests that would indicate cognitive 

impairment below the threshold for dementia.  

Methods 

Study Participants 

Health ABC is a longitudinal cohort study that was conducted by the National 

Institute on Aging between 1997 and 2014. The cohort comprised 3,075 community-

dwelling older adults, 70-79 years of age, living in designated zip code areas in Memphis, 

Tennessee and Pittsburgh, Pennsylvania at the time of recruitment (Penninx et al., 2003). 

Details of the study design, sampling scheme, and recruitment have been described 

previously (National Institute on Aging, n.d.). To be eligible for the study, participants 

had to report no difficulty in walking ¼ mile, climbing 10 steps, or performing any basic 

activity of daily living. In addition, they had to be free of any life-threatening cancers and 

plan to remain in the study area for at least three years. Respondents who were free of 

dementia and who had complete data on physical activity and sedentary behavior in 

1999-2000 (the first year in which both physical activity and sedentary behavior were 

assessed) were eligible to be included in the current analysis. In addition, only those who 

reported being able to walk ¼ mile with no more than some difficulty and who were free 
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of dementia in 1999-2000 were included to ensure the healthiest baseline sample possible 

and rule out potential confounding effects of functional limitations (N=1,988; Figure 5). 

Physical Activity and Sedentary Behavior  

Regular 

physical activity 

over the past week 

was assessed by 

self-report using 

an adapted version 

of the Minnesota 

Leisure Time 

Physical Activity 

Questionnaire 

(MLTPAQ; 

Taylor et al., 

1978; Lange‐Maia 

et al., 2015). 

Participants were first asked whether they had performed a specific activity at least 10 

times in the past year. If they indicated that they had, participants were then asked 

whether they had performed that activity in the last 7 days. If the response was yes, 

participants were asked about the frequency, intensity, and duration of the activity. Each 

activity then was assigned a metabolic equivalent of task (MET) value based on its 

intensity (Ainsworth et al., 2011) and converted into energy costs (kcal) by multiplying 

Figure 5. Participant selection from the Health ABC cohort. Those 
respondents who provided complete data on physical activity, sedentary 
behavior, and dementia and who were free of dementia and had limited 
difficult walking in 1999-2000 were eligible to be included in the 
analysis (N=1,988). 
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the MET value by duration (hours/week) by body weight (kg). The energy costs for each 

reported activity were then summed over all activities for the week to derive a summary 

physical activity variable expressed as kcal/week. This summary variable was next 

divided into three categories (0=≥2000; 1= 1,999-500; and 2=<500 kcal/week) similar to 

those used in other Health ABC analyses to facilitate cross-comparisons (e.g., Beavers et 

al., 2013). Sitting time was assessed by asking respondents how many hours they 

typically spend sitting upright over a 24-h period and was dichotomized (0=0-8 and 1=9-

18 h/day). 

Dementia 

Dementia was assessed using a binary indicator variable that combined multiple 

sources of data, including whether the participant was prescribed medication used to treat 

dementia (galantamine, rivastigmine, memantine, donepezil, or tacrine), received a 

dementia diagnosis from a health care provider, or exhibited race-adjusted decline in 

Teng Mini-Mental State (3MS) score of 1.5 or more standard deviations. An individual 

was determined to have dementia if they met one or more of these criteria. Dementia data 

were pooled across June 1, 2001 to September 30, 2014, representing 13 years of 

cumulative follow-up.  

Cognitive Function 

Cognitive function was measured using the 3MS, the Digit Symbol Substitution 

Test (DSST), and the CLOX 1 in 2006-2007, the last year in which cognitive function 

was assessed on the full sample in Health ABC. The 3MS is a measure of global 

cognitive function, assessing cognitive function across all domains, including orientation, 

attention, and recall, among others (Yaffe et al., 2009). Possible scores range from 0-100, 
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with higher scores indicating better cognitive function. The DSST assesses multiple 

subdomains of cognitive function, including motor skills, attention, and executive 

function (Jaeger, 2018; Lambiase, Kuller, & Matthews, 2014; Yaffe et al., 2008; Lin et 

al., 2014). Notwithstanding this lack of specificity, one strength of the DSST is its high 

sensitivity to cognitive impairment, which is why it was included in the present research 

– the DSST could identify deficits in cognitive function that the 3MS may not (Jaeger, 

2018). The CLOX 1 is a measure of executive function, the cognitive subdomain 

associated with planning and decision-making, and was included because declines in 

executive function may occur before declines in globally assessed cognitive function and 

declines in executive function are predictive of dementia onset (Clark et al., 2012). 

Possible scores range from zero to fifteen, with higher scores indicating better executive 

function. The CLOX 1 has been determined to be reliable and valid as a measure of 

cognitive function (Royall, Cordes, & Polk, 1998). 

Covariables 

Several covariables were included in this analysis, based on their demonstrated 

relationships with physical activity, sedentary behavior, or dementia (Peterson et al., 

2009; Yaffe et al., 2009). These variables include age, sex, race (white vs. black/African 

American), education level (<HS, HS grad, post-secondary), smoking status (never, 

former, current smoker), body mass index (BMI: kg/m2), self-rated health (excellent, very 

good, good, fair, poor), and depressive symptoms. Depressive symptoms were measured 

using the Centers for Epidemiologic Studies Depression (CES-D 10) short form scale 

(Andresen et al. 1994). Possible scores range from 0-30, with higher scores indicating 

more depressive symptoms.  
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Statistical Analysis 

 Univariate statistics [mean±SD; frequencies (%)] first were generated on all 

variables to determine their distributions within the study population. Unadjusted 

relationships between each study variable and dementia status were tested using 

independent t-tests and chi-square tests. Multivariable logistic regression was used to 

examine the independent relationship between physical activity, sedentary behavior, and 

the odds of dementia, while adjusting for the covariables of interest. Multivariable linear 

regression was used to model the independent associations between physical activity, 

sedentary behavior, and 3MS, DSST, and CLOX 1 scores.  

To examine the joint associations between physical activity and sitting time with 

dementia risk, we nested the two categories of sedentary behavior within each physical 

activity category to create six indicator variables. This allowed us to compare directly 

groups with varying amounts of physical activity and sedentary time against those who 

had the most physical activity and also sat the least (referent group). Multivariable 

logistic regression models included these indicator variables, as well as the covariables 

that were statistically significant in the unadjusted analyses. Odds ratios (OR) and 95% 

confidence intervals (CI) are reported from the final logistic regression model to describe 

the odds of dementia within each level of sitting time and physical activity relative to the 

referent group. Multivariable linear regression models also included these indicator 

variables, along with the same set of covariables, to evaluate the association between 

physical activity and sitting time with 3MS, DSST, and CLOX 1 scores. Parameter 

estimates, standard errors, and p values are reported for each level of sitting time and 

physical activity.  
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Results 

 The cumulative incidence of dementia over the follow-up period was 19%. On 

average, participants were 75.4±2.8 years of age and overweight (27.1±4.5 kg/m2; Table 

4). Approximately 52% were women and 66% were white. The majority of the study 

population were fairly well-educated, with 49% reporting some post-secondary level of 

educational attainment. Most participants rated their health as good or very good, and 

there was a low prevalence of current smoking. The mean score from the CES-D 10 was 

4.1±3.8 indicating low levels of depressive symptomology. Table 4 also displays results 

from the simple analysis. As indicated, age, education level, self-rated health, CES-D 10 

score and BMI score at baseline were each significantly associated with dementia at 

Table 4. Descriptive statistics (N=1,988).  
 

  Dementia  
  Yes (n=383) No (n=1,605) p 
Mean age (SD) 75.43 (2.82) 76.16 (2.90) 75.25 (2.77) <0.0001 

Female, n (%) 1,036 (52.11) 206 (53.79) 830 (51.71) 0.82 

Race, n (%)    0.47 

Black  645 (32.44) 131 (34.20) 514 (32.02)  

White  1,343 (67.56) 252 (65.80) 1.091 (67.98)  

Educational attainment, n (%)    <0.05 

Less than high school  320 (16.10) 76 (19.84) 244 (15.20)  

High school graduate  687 (34.56) 136 (35.51) 551 (34.33)  

Postsecondary  981 (49.35) 171 (44.65) 810 (50.47)  

Self-rated health, n (%)    <0.001 

Excellent 260 (13.08) 52 (13.58) 208 (12.96)  

Very good 711 (35.76) 122 (31.85) 589 (36.70)  

Good 752 (37.83) 138 (36.03) 614 (38.26)  

Fair 246 (12.37) 61 (15.93) 185 (11.53)  

Poor 19 (0.96) 10 (2.61) 9 (0.56)  

Smoking status, n (%)    0.21 

Never smoker 910 (45.77) 189 (49.35) 721 (44.92)  

Current smoker 124 (6.24) 19 (4.96) 105 (6.54)  

Former smoker 954 (47.99) 175 (45.69) 779 (48.54)  

Mean CES-D 10 score (SD) 4.13 (3.79) 4.72 (4.16) 3.99 (3.69) <0.001 

Mean BMI (SD) 27.11 (4.55) 26.68 (4.83) 27.22 (4.48) <0.05 
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follow-up, whereas sex, race, and smoking status were not. The sample comprised 

physically active individuals, as more than 2/3 of participants were classified in either the 

high (2000+ kcal/week) or medium (500-1,999 kcal/week) physical activity groups and 

about 75% of participants reported sitting 8 hours or fewer per day (Table 5). Neither 

physical activity level nor sitting time were significantly associated with dementia in the  

 unadjusted analysis (Table 5).  

Multivariable parameter estimates for the independent associations of physical 

activity and sitting time with the odds of dementia are reported in Table 6. Smoking  

status was excluded from the model due to its negligible association with dementia in the 

simple analysis. The relationships between physical activity and dementia and sitting 

time and dementia remained not significant in the presence of the other covariables. The  

only independent predictors of dementia at follow-up were age and poor health.  

 Table 7 displays the results of the analyses of the independent associations of 

physical activity and sitting time with 3MS, DSST, and CLOX 1 scores, respectively. 

Each model was statistically significant and explained 17% of the variance in 3MS score, 

Table 5. Categories of physical activity and sedentary time according to dementia status 
(N=1,988). 
  Dementia  
  Yes (n=383) No (n=1,605) p 
Hours sitting per day, n (%)    0.64 

0-8 hours 1,487 (74.80) 290 (75.72) 1,197 (74.58)  

9+ hours 501 (25.20)  93 (24.28) 408 (25.42)  

Physical activity, n (%)    0.14 

2,000+ kcal/week 766 (38.53) 131 (34.20) 635 (39.56)  

500-1,999 kcal/week 672 (33.80) 136 (35.51) 536 (33.40)  

0-499 kcal/week 550 (27.67) 116 (30.29) 434 (27.04)  
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26% of the variance in 

DSST score, and 7% 

of the variance in  

CLOX 1 score. 

Physical activity and 

sedentary behavior 

were not 

independently 

associated with 3MS, 

DSST, or CLOX 1 

scores, with one 

exception. Reporting 

low physical activity 

(<500 kcal/week) at 

baseline was associated with a 1.18-point lower (p<0.05) 3MS score at follow-up, 

compared to reporting high physical activity (>2,000 kcal/week). In each of the models, 

older age, racial identity of black, lower educational attainment, and poorer self-rated 

health were associated with lower 3MS, DSST, and CLOX 1 scores, while female sex 

was associated with higher scores. Depressive symptoms were also associated with a 

lower 3MS score, such that each 1-point higher score on the CES-D was associated with 

a 0.15-point (p<0.05) lower 3MS score.  

 

 

Table 6. Independent associations of sedentary time and physical 
activity with dementia (N=1,988). 
 OR 95% CI p 
Hours sitting per day    

0-8 hours 1.00   
9+ hours 0.94 0.72, 1.23 0.66 

Physical activity    
2,000+ kcal/week 1.00   
500-1,999 kcal/week 1.18 0.89, 1.54 0.26 
0-499 kcal/week 1.06 0.79, 1.42 0.72 

Age  1.11 1.07, 1.16 <0.0001 
Female 1.07 0.85, 1.42 0.56 
Black race 1.09 0.84, 1.42 0.53 
Educational attainment    

Postsecondary  1.00   

High school graduate  1.13 0.87, 1.47 0.31 

Less than high school  1.34 0.96, 1.87 0.09 

Self-rated health    
Excellent 1.00   
Very good 0.77 0.53, 1.11 0.16 
Good 0.78 0.54, 1.11 0.20 
Fair 1.01 0.63, 1.60 0.98 
Poor 3.08 1.13, 8.44 <0.05 

CES-D 10 score  1.02 0.99, 1.06 0.17 
BMI  0.98 0.95, 1.00 0.16 
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Table 7. Independent associations of sedentary time and physical activity with 3MS, 
DSST, and CLOX1 scores. 

 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Hours sitting per day          
0-8 hours REF   REF   REF   
9+ hours 0.34 0.54  1.27 0.75  -0.02 0.15  

Physical activity          
2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.22 0.54  0.58 0.75  0.18 0.15  
0-499 kcal/week -1.18 0.61 * -0.36 0.84  0.25 0.17  

Age  -.044 0.08 ** -0.83 0.12 ** -0.10 0.02 ** 
Female 1.64 0.48 * 4.44 0.66 * 0.52 0.13 ** 
Black race -3.46 0.55 ** -6.66 0.77 ** -0.30 0.15 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.70 0.72 ** -3.03 0.73 ** -0.59 0.15 ** 
Less than high school  -6.78 0.72 ** -10.61 1.00 ** -1.06 0.20 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.94 0.71  -2.45 0.98 * -0.19 0.20  
Good -1.44 0.74 * -4.69 1.02 ** -0.30 0.21  
Fair -1.69 0.99  -5.96 1.38 ** -0.57 0.28 * 
Poor -2.87 3.24  -10.92 4.49 * -1.05 0.91  

CES-D 10 score  -0.15 0.07 * -0.17 0.09  -0.03 0.02  
BMI  0.07 0.05  0.09 0.07  0.01 0.01  

 
N=1,328               
R2=0.17 

N=1,308 
R2=0.26 

N=1,325 
R2=0.07 

 
F(14, 1313)=19.20   
Model p<.0001 

F(14, 1293)=32.66 
Model p<.0001 

F(14, 1310)=7.07 
Model p<.0001 

**p<.01. *p<.05 
  

       

 The odds ratios for the joint associations of physical activity and sitting time with 

dementia are shown in Figure 6. None of the activity categories carried greater odds of 

dementia when compared to the most active group, those who sat 8 hours or fewer per 

day and who expended 2,000 or more kcal/week. Older age (OR=1.12, 95% CI=1.07, 

1.16), higher CES-D score (OR=1.04, 95% CI=1.01, 1.07), and having less than a high 
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school education (OR=1.39, 95% CI=1.00, 1.94) were associated with greater odds of 

dementia.  

 The parameter estimates for the joint associations of physical activity and sitting 

time with 3MS, DSST, and CLOX 1 scores are shown in Table 8. Similar to the 

dementia logistic regression model, none of the activity categories were associated with 

3MS, DSST, or CLOX 1 performance. In these models, compared with the dementia 

logistic regression model, more of the covariables were significantly associated with 

cognitive function score, with older age, black race, less education, and worse health 

associated with lower scores and female sex associated with higher scores.  

 

 

Figure 6. The joint associations of sedentary time and physical activity with dementia 
(N=1,988). Odds ratios (OR) represent the increased odds of dementia relative to the referent 
group. Multivariable logistic regression model adjusted for age, sex, race, BMI, self-rated 
health, and depressive symptoms. 
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Post hoc statistical power analyses for all models were conducted used G*Power 

3.1.9.7. The analytic sample for the logistic regression modeling the joint associations of 

physical activity and sedentary behavior with odds of dementia was 1,988. A post hoc 

power analysis revealed at least 82.9% power to detect an odds ratio of 1.16, which 

represented the odds of dementia associated with being in the low physical activity and 

high sitting time group compared with being in the high physical activity and low sitting 

Table 8. Joint associations of sedentary time and physical activity with 3MS, DSST, and CLOX 
1 scores. 

 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Joint sedentary time and 
physical activity          
≥2,000+  kcal/week PA and  
0-8 hours sitting REF   REF   REF   
≥2,000+  kcal/week PA and 
 9+ hours sitting 0.84 0.81  2.07 1.13  0.02 0.23  
500-1,999 kcal/week PA and  
0-8 hours sitting 0.24 0.61  0.77 0.86  0.20 0.17  
500-1,999 kcal/week PA and  
9+ hours sitting 1.04 0.94  2.13 1.31  0.15 0.26  
0-499 kcal/week PA and  
0-8 hours sitting -0.69 0.69  0.23 0.97  0.27 0.19  
0-499 kcal/week PA and  
9+ hours sitting -1.85 1.04  -0.08 1.46  0.22 0.29  

Age  -0.44 0.84 ** -0.83 0.12 ** -0.10 0.02 ** 
Female 1.63 0.48 * 4.41 0.67 ** 0.52 0.13 ** 
Black race -3.43 0.55 ** -6.64 0.76 ** -0.30 0.15 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.64 0.52 ** -2.96 0.73 ** -0.59 0.15 ** 
Less than high school  -6.82 0.72 ** -10.65 1.00 ** -1.06 0.20 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.07 0.71  -2.43 0.98 * -0.19 0.20  
Good -1.40 0.74  -4.67 1.02 ** -0.30 0.21  
Fair -1.63 0.99  -5.92 1.38 ** -0.57 0.28 * 
Poor -2.81 3.24  -10.85 4.49 * -1.04 0.91  

CES-D 10 score  -0.15 0.07 * -0.18 0.09  -0.03 0.02  
BMI  0.07 0.05  0.10 0.07  0.01 0.01  

 
N=1,328 
R2=0.17 

N=1,308 
R2=0.26 

N=1,325 
R2=0.07 

 
F(16, 1311)=16.97 
Model p<.0001 

F(16, 1291)=28.66 
Model p<.0001 

F(16, 1308)=6.18 
Model p<.0001 

**p<.01. *p<.05 
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time group. 

The linear regression modeling the joint associations of physical activity and 

sedentary behavior with 3MS score had 14 predictors and R2=0.17. The sample size 

needed to achieve 95% power in this model was N=146, which was surpassed by the 

actual analytical sample size (N=1,328). The linear regression modeling the joint 

associations of physical activity and sedentary behavior with DSST score had 14 

predictors and R2=0.26. The sample size needed to achieve 95% power in this model was 

N=91, which was surpassed by the actual analytical sample size (N=1,308). The linear 

regression modeling the joint associations of physical activity and sedentary behavior 

with CLOX 1 score had 14 predictors and R2=0.07. The sample size needed to achieve 

95% power in this model was N=374, which was surpassed by the actual analytical 

sample size (N=1,325). 

To confirm our findings, we ran a set of robustness checks. The first (Tables 9-

10, Figure 7) coded physical activity in units of time rather than energy expenditure 

because energy expenditure is derived by multiplying METs by body weight, meaning  

Table 9. Categories of physical activity time and sedentary time according to dementia status 
(N=1,988). 
  Dementia  
  Yes (n=383) No (n=1,605) p 
Hours sitting per day, n (%)    0.64 

0-8 hours 1,487 (74.80) 290 (75.72) 1,197 (74.58)  

9+ hours 501 (25.20)  93 (24.28) 408 (25.42)  

Physical activity, n (%)    0.89 

≥75 vigorous minutes or  
150 moderate minutes 1,204 (60.56) 228 (59.53) 976 (60.81)  

<75 vigorous minutes or 
 150 moderate minutes 399 (20.07) 78 (20.37) 321 (20.00)  

0 minutes/week 385 (19.37) 77 (20.10) 308 (19.19)  
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that people who weigh 

more will have a greater 

energy expenditure value 

for the same activity 

performed by someone 

who weighs less. 

Participants were divided 

into three groups based on 

current physical activity 

guidelines: 0 minutes of 

physical activity, some 

amount of activity but not 

meeting the guideline of 

75 vigorous or 150 

moderate minutes, and meeting or exceeding the guideline in the last 7 days. 

Operationalizing physical activity this way led to more participants (61%) being included 

in the high physical activity group (meeting or exceeding 75 vigorous or 150 moderate 

minutes) than when physical activity was classified by energy expenditure (39%), further 

indicating that Health ABC participants were a highly active sample. In these models, 

physical activity and sedentary behavior were neither independently nor jointly 

associated with odds of dementia. 

 

 

Table 10. Independent associations of sedentary time and physical 
activity time with dementia (N=1,988). 
 OR 95% CI p 
Hours sitting per day    

0-8 hours 1.00   
0+ hours 0.94 0.72, 1.23 0.67 

Physical activity    
≥75 vigorous minutes or 
150 moderate minutes 1.00   

<75 vigorous minutes or 
 150 moderate minutes 1.00 0.74, 1.34 0.98 

0 minutes/week 0.92 0.68, 1.25 0.59 
Age  1.12 1.07, 1.16 <0.0001 
Female 1.09 0.86, 1.38 0.47 
Black race 1.07 0.83, 1.40 0.59 
Educational attainment    

Postsecondary  1.00   

High school graduate  1.14 0.88, 1.47 0.34 

Less than high school  1.34 0.96, 1.87 0.09 

Self-rated health    
Excellent 1.00   
Very good 0.77 0.54, 1.12 0.17 
Good 0.79 0.55, 1.15 0.22 
Fair 1.03 0.65, 1.63 0.92 
Poor 3.15 1.16, 8.59 <0.05 

CES-D 10 score  1.04 1.01, 1.07 <0.05 
BMI  0.98 0.95, 1.00 0.06 
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The second robustness check (Tables 11-12. Figure 8) used time spent watching 

TV as a proxy for sedentary behavior, based on findings that individuals may be able to 

better recall TV time than time spent sitting, meaning that it may be a more accurate 

indicator (DiPietro et al., 2018). We created a dichotomous TV variable, with the low TV 

group defined as watching <27 hours of TV per week (or <4 hours/day) and the high 

group defined was watching 28 hours or more per week. Most participants (81%) were in 

the low group and there were no statistically significant relationships between TV 

watching and physical activity, either independently or jointly, and odds of dementia. 

 

  

Figure 7. The joint associations of sedentary time and physical activity time with dementia 
(N=1,988). Odds ratios (OR) represent the increased odds of dementia relative to the 
referent group. Multivariable logistic regression model adjusted for age, sex, race, BMI, 
self-rated health, and depressive symptoms. 
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Table 11. Categories of physical activity and TV time according to dementia status (N=1,994). 
  Dementia  
  Yes (n=386) No (n=1,608) p 
Hours watching TV, n (%)    0.23 

0-27 hours/week 1,599 (80.91) 318 (82.38) 1,281 (79.66)  

28+ hours/week 395 (19.81)  68 (17.62) 327 (20.34)  

Physical activity, n (%)    0.14 

2,000+ kcal/week 1,204 (38.52) 132 (34.20) 636 (39.55)  

500-1,999 kcal/week 674 (33.80) 137 (35.49) 537 (33.40)  

0-499 kcal/week 552 (27.68) 117 (30.31) 435 (27.05)  

Table 12. Independent associations of TV time and physical 
activity with dementia (N=1,994). 
 OR 95% CI p 
Hours watching TV    

0-27 hours/week 1.00   
28+ hours/week 0.81 0.60, 1.10 0.17 

Physical activity    
2,000+ kcal/week 1.00   
500-1,999 kcal/week 1.19 0.90, 1.56 0.22 
0-499 kcal/week 1.08 0.80, 1.45 0.61 

Age  1.11 1.07, 1.16 <0.0001 
Female 1.05 0.83, 1.33 0.66 
Black race 1.10 0.84, 1.43 0.48 
Educational attainment    

Postsecondary  1.00   

High school graduate  1.14 0.89, 1.48 0.31 

Less than high school  1.34 0.96, 1.88 0.08 

Self-rated health    
Excellent 1.00   
Very good 0.77 0.53, 1.12 0.17 
Good 0.80 0.55, 1.17 0.25 
Fair 1.02 0.64, 1.62 0.93 
Poor 3.01 1.10, 8.27 <0.05 

CES-D 10 score  1.04 1.01, 1.07 <0.05 
BMI  0.98 0.95, 1.00 0.08 
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Discussion 

 Our findings indicate that neither sedentary behavior nor physical activity were 

independently associated with dementia or cognitive function, except for individuals in 

the low physical activity group having worse scores on the 3MS compared to individuals 

in the high physical activity group. Furthermore, our hypothesis that odds of dementia 

would increase in a dose-response manner with decreasing levels of physical activity 

combined with increasing sedentary behavior was not supported. The same held true for 

the analyses that used cognitive function as the outcome variable, wherein physical 

activity and sedentary behavior were not jointly associated 3MS, DSST, or CLOX 1 

scores. Lastly, our robustness checks, which used different operationalizations of 

physical activity and sedentary behavior indicated that, indeed, there is no relationship 

between sedentary time, physical activity, and dementia in the Health ABC sample 

analyzed in this study. 

Figure 8. The joint associations of TV time and physical activity with dementia (N=1,994). 
Odds ratios (OR) represent the increased odds of dementia relative to the referent group. 
Multivariable logistic regression model adjusted for age, sex, race, BMI, self-rated health, and 
depressive symptoms. 
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 These findings are not well-aligned with literature that finds physical activity is 

associated with better cognitive function and thereby identifies physical activity to be a 

potentially promising intervention to prevent or slow the progression of dementia 

(Blondell et al., 2014; Baumgart et al., 2015; Guure et al., 2017; Xu et al., 2017). 

However, our findings are aligned with other research that has found no benefit of 

engaging in physical activity for cognitive function and dementia (Young, Angevaren, 

Rusted, & Tabet, 2015; Etnier, Nowell, Landers, & Sibley, 2006; Sink et al., 2015). One 

study that examined the association of physical activity and dementia risk over a 28-year 

follow-up period found no association, except as the length of follow-up decreased, 

suggesting that reverse causation may play a role in other studies that have found a 

relationship (Sabia et al., 2017). In other words, physical activity may not necessarily be 

protective in later life; rather, the capacity to be active is indicative of retained cognitive 

function. 

 One potential reason for the lack of relationship found in this study is that Health 

ABC participants constitute a healthy subset of the population (baseline inclusion criteria 

included reporting no difficulty in walking ¼ mile, climbing ten steps, or performing any 

basic activity of daily living). In addition, we further restricted the sample in this study to 

those who reported little or no difficulty walking and those who were free of dementia 

using a cutoff score of 77/78 on the 3MS at baseline to limit the confounding effects of 

some unmeasured health or social factor related to physical activity, sitting, and 

dementia. The good health of the sample is evidenced by how active participants in the 

study were, with most reporting low levels of sitting and medium or high levels of 

physical activity (e.g., N=148 in the low physical activity and high sitting group 
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compared to N=567 in the high physical activity and low sitting group). Relatedly, some 

research indicates that poor cognitive function is associated with greater risk of death and 

conversely, engaging in healthy behaviors is associated with a longer life expectancy free 

of dementia, meaning that the participants with worse health and/or cognitive function 

who otherwise may have developed dementia would be lost to follow-up and thus 

excluded from the study (Perls, Morris, Ooi, & Lipsitz, 1993; Stewart, Zelinski, & 

Wallace, 2000; Dhana et al., 2022). This selective survival, along with the overall health 

and high activity levels of the participants, may have limited our ability to detect 

independent and/or joint associations between physical activity and sitting time and 

dementia.  

 Another potential explanation for our null findings relates to measurement. For 

example, the physical activity questionnaire assesses only the past seven days of physical 

activity. While this may improve recall of activities among older people, it may not be 

representative of typical activity patterns occurring over several years that may affect 

cognitive function. Additionally, the sedentary behavior question specifically asked about 

sitting upright and did not include time spent reclining or lying down, which may have 

led to lower estimates of sedentary time. For example, a systematic review of objectively 

measured sedentary behavior found that older adults are sedentary for an average of 9.4 

hours per day (Harvey et al., 2015), while in this study, only a quarter of individuals 

reported spending at least 9 hours sitting.  

 The results of this study indicate that more research is needed to examine the 

relationships between movement and risk of dementia or cognitive decline. While Health 

ABC was one of a few studies to prospectively measure physical activity, sedentary time, 
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and cognitive function, future studies should consider using objective measures of 

movement, as self-report measures are prone to bias. Indeed, ample evidence exists that 

people tend to over-report their physical activity and under-report their sitting behavior 

(Sallis & Saelens, 2000; Banda et al., 2010). Individuals typically engage in many 

cognitively stimulating activities (e.g., reading, board/card games, playing a musical 

instrument, crossword puzzles) while seated, which complicates our ability to evaluate 

the effects of sitting on dementia and cognitive function if the benefits of these activities 

to cognitive function outweighs any detrimental effects from lack of movement. Future 

research should aim disentangle whether lack of movement itself may increase risk or 

whether more cognitively demanding sedentary activities positively contribute to brain 

health.  

Studies should also consider using continuous of measures of cognitive function. 

We included three of these measures (3MS, DSST, CLOX 1) to examine whether 

physical activity and sedentary behavior were associated with cognitive impairment that 

does not reach the threshold of dementia. We found an independent association between 

low physical activity and lower 3MS score, suggesting that physical activity may be 

associated with impairment in global cognitive function. The linear regression models 

also indicated that physical activity and sedentary behavior are not jointly associated with 

cognitive function, supporting our findings in the dementia odds model. Our analyses all 

indicate that continuous measures of cognitive function may be particularly useful among 

healthy older adults who are already in their mid-70s and subject to selective survival.  

 Although, our findings did not support our hypothesis, we believe that the 

relationship between movement, including sedentary time, and cognitive function 
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remains a topic that should be investigated further. Given aging demographics and the 

global economic burden associated with dementia-related disability, there is substantial 

public health benefit to understanding how physical activity and sedentary time interact 

to promote brain health in older age. This type of research is particularly timely, as public 

health recommendations move toward holistic considerations of daily movement, with 

physical activity representing one piece of the whole picture (PAGAC, 2018; Ross et al., 

2020).  
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Abstract 

Background: This study aims to examine the associations of different types of sedentary 

behavior and 3-year change in the time spent on those activities with cognitive function 

and dementia. Methods: We analyzed prospective data from 1,677 women (52%) and 

men with a mean baseline age of 75±2.8 participating in the Health Aging and Body 

Composition (Health ABC) Study between 1999-2000 (baseline) and 2014 (study 

conclusion). Sitting time (hours/day), TV time (hours/week), and reading time 

(hours/week) were self-reported at baseline and change in sitting, TV, and reading time 

was measured between 1999-2000 and 2002-2003. Cognitive function (using the Teng 

Min-Mental State [3MS], Digit Symbol Substitution Test [DSST], and CLOX 1) was 

assessed in 2006-2007 and dementia status was cumulatively categorized from June 1, 

2004 through September 30, 2014. Multivariable linear regressions was used to examine 

associations between baseline sitting, TV, and reading time and change in those 

behaviors with cognitive function test scores. Multivariable logistic regression evaluated 

associations between change in sitting, TV, and reading time with odds of dementia. 

Results: More reading time at baseline was associated with a 0.09-point (SE=0.03, 

p<0.05) higher 3MS score and a 0.14-point (SE=0.04, p<0.01) higher DSST score. An 

increase in TV watching time between 1999-2000 and 2002-2003 was associated with a 

1.53-point (SE=0.72, p<0.05) decrease in 3MS score. Conclusion: Some types of 

sedentary behavior may have benefits for cognitive function in older adults, outweighing 

the potential harms associated with lack of movement.  
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Introduction 

Dementia, defined as cognitive decline to the point where it interferes with an 

individual’s daily functioning, is a significant public health problem facing older adults 

(National Institute on Aging, 2017a). Dementia is common among older adults: for 

example, analysis of data from a nationally representative study of adults over 50 in 2016 

found prevalence and incidence estimates of 7.7% and 3.8%, respectively (Farina, Zhang, 

Kim, Hayward, & Crimmins, 2022). Projections indicate that, by 2035, there will be 

more older adults than children in the United States population for the first time in 

history, highlighting the scope of the issue (U.S. Census Bureau, 2018). Dementia 

represents the most severe form of cognitive decline; however, older adults frequently 

experience deficits in cognitive function that do not rise to the level of dementia. Recent 

estimates indicate that cognitive impairment occurs in 11.2% of adults aged 55-69 and 

27.3% of adults aged 65 or older (Choi, Schoeni, Martin, & Langa, 2018; Rajan et al., 

2021). 

Currently no cures for dementia or cognitive impairment exist, thus it is imperative 

that we learn more about potentially modifiable risk factors for these conditions and add 

to the science aimed at uncovering ways to mitigate their impacts on health and 

wellbeing. One such potential risk factor is sedentary behavior, which heretofore has 

been understudied as a predictor of and/or contributor to cognitive decline and dementia. 

Sedentary behavior is defined as energy expenditure less than or equal to 1.5 metabolic 

equivalents (METs) while seated, reclined, or lying down (The Sedentary Behaviour 

Research Network, 2012). 

Sedentary behavior is common among older adults. While prevalence estimates 
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vary, depending on how studies define and measure sedentary behavior, a 2015 

systematic review found that adults 60 years and older adults are sedentary for up to 80% 

of the time that they are awake (Harvey, Chastin, & Skelton, 2015). A 2017 analysis of 

Reasons for Geographic and Racial Differences in Stroke study data corroborated this 

finding with objective measurement, determining that older adults spend 77% of waking 

time sedentary (Diaz et al., 2017). This is problematic for many health outcomes as the 

amount of time that older adults are sedentary is inversely associated with functional 

ability, quality of life and wellbeing, metabolic risk, and mortality (Copeland et al., 2017; 

Madden, Feldman, & Chase, 2021; Ekelund et al., 2019).   

The link between sedentary behavior and cognitive function has yet to be fully 

examined, however. Some research indicates that reducing sedentary time could be 

beneficial for brain health and have even proposed potential mechanistic links to explain 

the association, but studies in older adults to date have been largely cross-sectional 

(Edwards & Loprinzi, 2017a; Edwards & Loprinzi, 2017b; Wheeler et al., 2017). One 

longitudinal study that examined the association between sedentary behavior and 

cognitive function reported that higher amounts of sedentary time were associated with 

declining cognitive function two years later (Ku, Liu, Lo, Chen, & Stubbs, 2017); 

however, another study that combined data across five cohorts of persons without 

dementia did not observe this relationship (Maasakkers et al., 2020). Regarding dementia, 

specifically, a recent meta-analysis of data from 18 cohort studies concluded that being 

sedentary increases risk of dementia by 30 percent, although a critique of the article noted 

that the investigators may have conflated sedentary behavior with physical inactivity 

(Yan et al., 2020; Dillon & Gardiner, 2021). Relatedly, a pair of systematic reviews 
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concluded that results from high quality cohort studies suggest an association between 

sedentary behavior and cognitive impairment, but inconsistent measurement across 

studies makes it difficult to determine the extent of the association (Falck et al., 2017; 

Olanrewaju, Stockwell, Stubbs, & Smith, 2020).  

Some research suggests that certain types of sedentary behavior may benefit 

cognitive function whereas others may have a negative effect (Bakrania et al., 2018; 

Kesse-Guyot et al., 2012), which could possibly or partially explain mixed findings 

across studies. For example, evidence shows that television (TV) watching is associated 

with poor cognitive function in older adults (Copeland et al., 2017; Fancourt & Steptoe, 

2019; Fajersztajn, Di Rienzo, Nakamura, & Scazufca, 2021). However, reading and other 

cognitively stimulating activities performed while sedentary may be positively associated 

with cognitive function (Kurita et al., 2019; Nemoto et al., 2018). The lack of a well-

developed evidence base regarding different types of sedentary behavior and their 

association with cognitive decline in older adults highlights the need for more research in 

this area.  

The study aims were to 1) investigate whether different types of sedentary 

behavior, including sitting time, TV watching, and reading, in 1999-2000 were associated 

with cognitive test performance seven years later (2006-2007) among participants of the 

Health Aging and Body Composition (Health ABC) Study and to 2) examine whether 3-

year change (1999-2000 to 2002-2003) in the sedentary behaviors was associated with 

performance on the same cognitive tests as well as 10-year odds of dementia. We 

hypothesized that participants with the highest duration of sitting and TV time would 

have poorer cognitive test performance than participants with lower amounts of sitting 
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and TV time. Conversely, those with the highest amounts of reading time would have 

better cognitive function than those with less reading time. We also proposed that 

increased sitting and TV time over 3 years would be associated with higher 10-year odds 

of dementia, while increased reading time over that same period would be associated with 

lower odds. 

Methods 

Study Participants 

Health ABC was conducted by the National Institute on Aging Intramural 

Research Program and was a prospective cohort study of older adults aged 70-79 when 

recruitment began in 1997-98 (National Institute on Aging, n.d.). The participants were 

followed for 16 years with data collection occurring through both questionnaires and 

clinical examinations. Potential participants were identified from a random sample of 

white Medicare beneficiaries and all age-eligible community dwelling black residents in 

designated zip code areas surrounding the Pittsburgh, Pennsylvania, and Memphis, 

Tennessee field centers. To be eligible for recruitment, participants had to have been able 

to walk a quarter of a mile, climb ten steps, not use equipment for walking, and report no 

difficulties with activities of daily living (Colbert et al., 2004). In addition, the 

participants could not have been treated for cancer in three years prior to recruitment or 

have plans to leave the area within three years. At least one-third of the 3,075 participants 

were Black/African American (National Institute on Aging, n.d.). The final analytic 

sample for this study was 1,487, after excluding participants with missing data and after 

limiting the sample to individuals free of dementia and with limited or no difficulty 
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walking (≥ score of 2 

on a walking ability 

index) at baseline 

(1999-2000) to ensure 

that participants were 

not sedentary due to 

some functional 

limitation (Figure 9).  

Sedentary Behavior 

Single item 

measures were used to 

assess sitting time, TV 

time, and reading time 

in Health ABC. For 

sitting time, 

participants were asked how many hours they typically spend sitting upright over a 24-

hour period. TV time was assessed by asking participants how many hours per week they 

spent watching TV. Reading time was assessed by asking participants how many hours 

per week they spent reading, including books, newspapers, and magazines. For the 

baseline associations, sitting time and reading time were left continuous. TV time was 

divided into two categories: 0-27 hours and 28+ hours per week. These groupings are 

based on research by Fancourt and Steptoe (2019), which found a threshold effect 

wherein 3.5 hours or more of TV watching per day was associated with poorer cognitive 

Figure 9. Participant selection from the Health ABC cohort. Those 
respondents who provided complete data on sedentary behavior and 
cognitive function or dementia and who were free of dementia and 
had limited difficult walking in 1999-2000 were eligible to be 
included in the analysis. 
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function, but there was no detriment from watching three hours or fewer. 

 Change in sitting and reading time between 1999-2000 and 2002-2003 was 

operationalized by creating categorical change variables that represented whether 

participants maintained, increased, or decreased time spent sitting or reading. For TV 

watching, the change variable was created with four categories: maintaining a low level 

(0-27 hours/week), maintaining a high level (28+ hours/week), decreasing from high to 

low, or increasing from low to high.  

Cognitive Outcome Measures 

 Cognitive function measures occurred in 2006-2007. Global cognitive function in 

Health ABC was assessed using the Teng Mini-Mental State Exam (3MS). The 3MS 

measures cognitive function across a range of domains, including orientation, attention, 

and recall, among others (Yaffe et al., 2009). Possible scores range from 0-100, with 

higher scores indicating better cognitive function. 

 The Digit Symbol Substitution Test (DSST) is a polyfactorial measure of 

cognitive function that assesses motor skills, attention, and executive function (Jaeger, 

2018; Lambiase, Kuller, & Matthews, 2014; Yaffe et al., 2008; Lin et al., 2014). The 

DSST is a paper and pencil test, which has a key at the top that matches symbols with 

digits from one to nine. Below the key are four rows of 25 sets of double boxes with a 

digit in the top box and the bottom box empty. The participant is asked to draw the 

symbol in the bottom box that matches the number in the top box. The score is the 

number of correct symbols provided in 90 seconds. Higher scores indicate better 

performance (Rosano, Newman, Katz, Hirsch, & Kuller, 2008; Lambiase et al., 2014). 

 The CLOX 1 is a clock drawing task wherein participants are asked to draw a 
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clock that shows 1:45. Various elements of the clock drawing (e.g., whether the clock is a 

circle, whether the numbering and spacing are correct, whether the hands are in the 

correct positions, etc.) are then assessed by a rater. Possible scores range from zero to 

fifteen, with higher scores indicating better executive function. The CLOX 1 has been 

determined to be reliable and valid as a measure of cognitive function (Royall, Cordes, & 

Polk, 1998). 

Dementia in Health ABC is coded as a binary indicator variable (0=no dementia, 

1=dementia) derived from multiple sources of data, including whether the participant 

took prescribed medication used to treat dementia (galantamine, rivastigmine, 

memantine, donepezil, or tacrine); received a dementia diagnosis, or experienced a race-

adjusted decline in Teng Mini-Mental State (3MS) score of 1.5 or more standard 

deviations. Participants were considered to have dementia if they met one or more of 

these criteria. Dementia cases were pooled across ten years of follow-up, starting on June 

1, 2004 (one year after data collection for the second year used to create the change 

variables concluded in 2003) and ending on September 30, 2014.   

Covariables 

Covariables were selected based on their relationship to sedentary behavior or 

cognitive function in the literature (Kesse-Guyot et al., 2012; Kurita et al., 2018). 

Sociodemographic variables included age, sex, race (white, black), and education level 

(<HS, HS grad, post-secondary) and health-related variables included smoking status 

(never, former, current smoker), body mass index (BMI: kg/m2), self-rated health 

(excellent, very good, good, fair, poor), physical activity (0-499 kcal/week, 500-1,999 

kcal/week, 2000+ kcal/week) and depressive symptoms. The Centers for Epidemiologic 
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Studies Depression (CES-D 10) short form scale (Andresen et al. 1994), which has a 

possible score range of 0-30 with higher scores indicative of more depressive symptoms, 

was used to measure depressive symptoms.  

Statistical Analysis 

We generated univariate statistics [mean±SD; frequencies (%)] on all variables to 

examine their distributions within the study population and used t-tests and chi-square 

tests to examine unadjusted relationships between each independent variable, including 

the covariables, with dementia. Multivariable linear regression modeled the associations 

between the different types of sedentary behavior (sitting time, TV time, and reading 

time) in 1999-2000 and 3MS, DSST, and CLOX 1 scores in 2006-2007, including 

covariables that were statistically significant in the unadjusted analyses. Parameter 

estimates, standard errors, and p values are reported for each type of sedentary behavior. 

Multivariable linear regression also modeled associations between change from 

1999-2000 to 2002-2003 in each sedentary behavior and 3MS, DSST, and CLOX 1 

scores in 2006-2007. Parameter estimates, standard errors, and p values are reported for 

each sedentary behavior change category (maintained, increased, and decreased for 

sitting and reading time and 0-27 hours/week both years, 28+ hours/week both years, 

increased, and decreased for TV time). Multivariable logistic regression modeled the 

associations between change from 1999-2000 to 2002-2003 in each sedentary behavior 

and odds of dementia. Odds ratios (OR) and 95% confidence intervals (CI) are reported 

for each sedentary behavior change category to describe the odds of dementia relative to 

the referent group.  
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Results 

 Descriptive statistics and univariate analyses are reported in Table 13. The 

cumulative incidence of dementia was 17.7%. Participants at baseline had an average age 

of 75.2±2.8 years old, 52% were female, 69% were white, and 51% reported attaining at 

least postsecondary education. The sample was healthy: 89% reported their health as 

good or better, only 5% were current smokers, and 75% were in the high or medium 

Table 13. Descriptive statistics (N=1,487).   
  Dementia  
  Yes (n=264) No (n=1,223) p 
Mean age (SD) 75.19 (2.77) 75.88 (2.93) 75.04 (2.71) <0.0001 

Female, n (%) 774 (52.05) 136 (51.52) 638 (52.17) 0.85 

Race, n (%)    0.74 

Black  455 (30.60) 83 (31.44) 372 (30.42)  

White  1,032 (69.40) 181 (68.56) 851 (69.58)  

Educational attainment, n (%)    0.21 

Less than high school    234 (15.74) 51 (19.32) 183 (14.96)  

High school graduate  488 (32.82) 82 (31.06) 406 (33.20)  

Postsecondary  765 (51.45) 131 (49.62) 634 (51.84)  

Self-rated health, n (%)    0.12 

Excellent 219 (14.73) 38 (14.39) 181 (14.80)  

Very good 556 (37.39) 88 (33.33) 468 (38.27)  

Good 548 (37.12) 98 (37.12) 450 (36.79)  

Fair 156 (14.02) 37 (14.02) 119 (9.73)  

Poor 8 (0.54) 3 (1.14) 5 (0.41)  

Smoking status, n (%)    0.36 

Never smoker 718 (48.29) 134 (50.76) 584 (47.75)  

Current smoker 74 (4.98) 9 (3.41) 65 (5.31)  

Former smoker 695 (46.74) 121 (45.83) 574 (46.93)  

Physical activity, n (%)    0.48 

2,000+ kcal/week 611 (41.09) 101 (38.26) 510 (41.70)  

500-1,999 kcal/week 503 (33.83) 90 (34.09) 413 (33.77)  

0-499 kcal/week 373 (25.08) 73 (27.65) 300 (24.53)  

Mean BMI (SD) 27.17 (4.51) 26.57 (4.59) 27.29 (4.48) <0.05 

Mean CES-D 10 score (SD) 3.94 (3.66) 4.20 (3.93) 3.88 (3.59) 0.21 

Mean hours sitting per day (SD) 6.76 (3.35) 6.65 (3.35) 6.79 (3.36) 0.54 
Hours watching TV, n (%)    0.71 

0-27 hours/week 1,193 (80.23) 214 (81.06) 979 (80.05)  
28+  hours/week 294 (19.77) 50 (18.94) 244 (19.95)  

Mean hours reading per week 12.46 (8.74) 11.48 (9.48) 12.68 (8.56) 0.06 
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physical activity level categories. Participants on average were overweight, with a BMI 

of 27.2±4.5, and depressive symptomology was low with an average CES-D score of 

3.9±3.7. In terms of sedentary behaviors at baseline, participants reported a low amount 

of sitting (6.8±3.4 hours/day) and TV watching (64% in the 0-20 hours/week group) and 

a high amount of reading (12.5±8.7 hours/week). Table 13 also displays the unadjusted 

analyses, in which age (t=-4.48, p<0.0001) and BMI (t=2.36, p<0.05) were significantly 

associated with dementia status.   

The results of the multivariable linear regressions modeling the associations 

between each sedentary behavior at baseline with 3MS, DSST, and CLOX 1 scores at 

follow-up are reported in Tables 14-16. There were no statistically significant 

associations between sitting time and cognitive function, as measured by the 3MS and 

CLOX 1 but there was a positive association between sitting and DSST score, wherein 

each 1-hour increase in baseline sitting time was associated with a 0.2-point (SE=0.10) 

increase in DSST score (p<.05) 7 years later (Table 14). TV watching at baseline was not 

associated with 3MS, DSST, or CLOX 1 scores at follow-up (Table 15). Reading time at 

baseline was positively associated with 3MS and DSST scores, where increasing the 

amount of time spent reading by 1 hour per week was associated with a 0.09-point 

(SE=0.03) increase in 3MS score (p<0.05) and 0.01-point (SE=0.01) increase in DSST 

score (p<0.01; Table 16). In each model, age, sex, race, and educational attainment were 

associated with cognitive function where older age, black race, and lower educational 

attainment were typically associated with worse cognitive function. Women had 

uniformly better cognitive function test scores than men. In the 3MS and DSST models, 

worse health was associated with worse cognitive function (except in the reading model) 
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and, in the 3MS models for sitting and TV time, depressive symptoms were negatively 

associated with cognitive function. 

 

 

 

 

 

 

 

Table 14. Associations of baseline sitting time with 3MS, DSST, and CLOX 1 scores 7 years 
later. 

 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Hours sitting per day 0.13 0.07  0.21 0.10 * 0.01 0.02  
Physical activity          

2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.22 0.55  0.46 0.77  0.18 0.15  
0-499 kcal/week -1.13 0.62  -0.33 0.88  0.29 0.18  

Age  -0.46 0.09 ** -0.83 0.12 ** -0.10 0.02 ** 
Female 1.70 0.49 ** 4.38 0.68 ** 0.52 0.14 ** 
Black race -3.33 0.56 ** -6.15 0.79 ** -0.31 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.51 0.54 ** -3.11 0.76 ** -0.53 0.15 ** 
Less than high school  -6.91 0.74 ** -10.95 1.04 ** -1.01 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.20 0.78  -2.28 1.00 * -0.15 0.20  
Good -1.52 0.74 * -4.62 1.04 ** -0.32 0.21  
Fair -2.00 1.02 * -6.00 1.44 ** -0.51 0.29  
Poor -1.44 3.45  -9.18 4.82  -1.05 0.97  

CES-D 10 score  -0.14 0.07 * -0.17 0.10  -0.03 0.02  
BMI  0.08 0.06  -0.10 0.08  0.01 0.02  

 
N=1,250 
R2=0.18 

N=1,229 
R2=0.26 

N=1,245 
R2=0.07 

 
F(14, 1235)=18.74 
Model p<.0001 

F(14, 1214)=30.33 
Model p<.0001 

F(14, 1230)=6.46 
Model p<.0001 

**p<.01. *p<.05         
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Table 15. Associations of baseline TV watching with 3MS, DSST, and CLOX 1 scores 7 years 
later. 

 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

TV Watching          
0-27 hours/week REF   REF   REF   
28+ hours/week -0.32 0.61  0.59 0.85  -0.27 0.17  

Physical activity          
2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.21 0.55  0.39 0.77  0.19 0.15  
0-499 kcal/week -1.08 0.63  -0.37 0.88  0.31 0.18  

Age  -0.46 0.09 ** -0.82 0.12 ** -0.10 0.02 ** 
Female 1.67 0.49 ** 4.31 0.69 ** 0.52 0.14 ** 
Black race -3.30 0.57 ** -6.12 0.80 ** -0.31 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.39 0.52 ** -3.31 0.75 ** -0.52 0.15 ** 
Less than high school  -7.01 0.74 ** -11.21 1.04 ** -1.00 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.18 0.71  -2.26 1.00 * -0.15 0.20  
Good -1.50 0.74  -4.61 1.04 ** -0.31 0.21  
Fair -1.98 1.02 * -6.04 1.44 ** -0.50 0.29  
Poor -1.65 3.46  -9.45 4.83 * -1.08 0.97  

CES-D 10 score  -0.14 0.07 * -0.17 0.10  -0.04 0.02  
BMI  0.09 0.06  -0.09 0.08  0.02 0.02  

 
N=1,250 
R2=0.17 

N=1,229 
R2=0.26 

N=1,245 
R2=0.07 

 
F(14, 1235)=18.48 
Model p<.0001 

F(14, 1214)=29.97 
Model p<.0001 

F(14, 1230)=6.64 
Model p<.0001 

**p<.01. *p<.05 
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Table 16. Associations of baseline reading with 3MS, DSST, and CLOX 1 scores 7 years later. 
 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Hours reading per week 0.09 0.03 * 0.14 0.04 ** 0.01 0.01  
Physical activity          

2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.18 0.54  0.40 0.76  0.15 0.15  
0-499 kcal/week -1.07 0.62  -0.24 0.88  0.27 0.17  

Age  -0.47 0.09 ** -0.84 0.12 ** -0.10 0.02 ** 
Female 1.63 0.48 ** 4.29 0.68 ** 0.52 0.14 ** 
Black race -3.29 0.57 ** -6.14 0.79 ** -0.32 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.28 0.54 ** -2.72 0.76 ** -0.47 0.15 ** 
Less than high school  -6.55 0.74 ** -10.39 1.05 ** -0.96 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.22 0.71  -2.30 0.99 * -0.16 0.20  
Good -1.44 0.74  -4.53 1.03 ** -0.30 0.21  
Fair -1.91 1.02  -5.83 1.43 ** -0.50 0.29  
Poor -1.44 3.44  -9.15 4.80  -1.04 0.96  

CES-D 10 score  -0.13 0.07  -0.16 0.10  -0.03 0.02  
BMI  0.08 0.06  -0.10 0.08  0.01 0.02  

 
N=1,252 
R2=0.18 

N=1,231 
R2=0.27 

N=1,247 
R2=0.07 

 
F(14, 1234)=19.33 
Model p<.0001 

F(14, 1216)=31.37 
Model p<.0001 

F(14, 1232)=6.74 
Model p<.0001 

**p<.01. *p<.05 
  

      

 The results of the linear regressions modeling the associations between change in 

each sedentary behavior from 1999-2000 to 2002-2003 with cognitive function in 2006-

2007 are reported in Tables 17-19. Neither of the change in sitting time categories 

(increase or decrease) were associated with 3MS, DSST, or CLOX 1 scores, when 

compared to the referent group, who maintained the same level of sitting (Table 17).  
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Table 17. Associations of change in sitting time with 3MS, DSST, and CLOX 1 scores. 
 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Change in sitting time           
Maintain REF   REF   REF   
Increase -0.60 0.73  -0.53 1.03  0.22 0.20  
Decrease -0.36 0.73  -0.35 1.03  0.07 0.21  

Physical activity          
2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.24 0.55  0.47 0.77  0.16 0.15  
0-499 kcal/week -1.06 0.63  -0.24 0.88  0.28 0.18  

Age  -0.46 0.09 ** -0.83 0.12 ** -0.10 0.02 ** 
Female 1.65 0.49 ** 4.32 0.68 ** 0.52 0.14 ** 
Black race -3.29 0.56 ** -6.15 0.79 ** -0.31 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.58 0.53 ** -3.22 0.75 ** -0.54 0.15 ** 
Less than high school  -6.96 0.73 ** -11.09 1.03 ** -1.05 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.17 0.71  -2.24 1.00 * -0.16 0.20  
Good -1.51 0.74 * -4.64 1.04 ** -0.33 0.21  
Fair -2.03 1.02 * -6.02 1.44 ** -0.50 0.29  
Poor -1.58 3.46  -9.44 4.83 * -1.08 0.97  

CES-D 10 score  -0.14 0.07 * -0.17 0.10  -0.04 0.02  
BMI  0.09 0.06  -0.09 0.08  0.01 0.02  

 
N=1,253 
R2=0.17 

N=1,232 
R2=0.26 

N=1,248 
R2=0.07 

 
F(15, 1237)=17.29 
Model p<.0001 

F(15, 1216)=28.14 
Model p<.0001 

F(15, 1232)=6.16 
Model p<.0001 

**p<.01. *p<.05 
  

      

However, moving from the low TV watching group (0-27 hours/week) at baseline 

to the high TV watching group (28+ hours) 3 years later was associated with a 1.5-point 

(SE=0.7) decrease in 3MS score (p <0.05) at follow-up, when compared to participants 

who maintained a low level of TV watching across both years (Table 18). There were no 

associations between change in TV watching and DSST or CLOX 1 scores. Lastly, there 

were no associations between change in reading time and scores on any of the three 

outcome cognitive measures (Table 19).  
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Table 18. Associations of change in TV watching time with 3MS, DSST, and CLOX 1 scores. 
 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Change in TV watching          
0-27 hours/week both years REF   REF   REF   
28+ hours/week both years -0.12 0.79  1.60 1.11  -0.34 0.17  
Increase Y3 to Y6 -1.53 0.72 * -0.70 1.01  0.07 0.20  
Decrease Y3 to Y6 -1.18 0.85  -0.92 1.20  -0.16 0.24  

Physical activity          
2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.22 0.55  0.37 0.77  0.19 0.15  
0-499 kcal/week -1.04 0.63  -0.38 0.89  0.31 0.18  

Age  -0.46 0.09 ** -0.82 0.12 ** -0.10 0.02 ** 
Female 1.67 0.49 ** 4.37 0.69 ** 0.52 0.14 ** 
Black race -3.29 0.57 ** -6.16 0.80 ** -0.31 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.54 0.54 ** -3.30 0.76 ** -0.52 0.15 ** 
Less than high school  -6.87 0.74 ** -11.10 1.04 ** -1.01 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.22 0.71  -2.29 1.00 * -0.14 0.20  
Good -1.51 0.74 * -4.63 1.04 ** -0.31 0.21  
Fair -2.01 1.02 * -6.02 1.44 ** -0.50 0.29  
Poor -1.78 3.5  -9.67 4.83 * -1.06 0.97  

CES-D 10 score  -0.12 0.07  -0.16 0.10  -0.03 0.02  
BMI  0.10 0.06  -0.09 0.08  0.02 0.02  

 
N=1,250 
R2=0.18 

N=1,229 
R2=0.26 

N=1,245 
R2=0.07 

 
F(16, 1233)=16.56 
Model p<.0001 

F(14, 1212)=26.45 
Model p<.0001 

F(16, 1228)=5.83 
Model p<.0001 

**p<.01. *p<.05 
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Table 20 displays the results of the logistic regressions modeling the associations 

between change in the three sedentary behaviors with odds of dementia. Neither change 

in sitting time, TV time, nor reading time was associated with odds of dementia. Older 

age was associated with increased odds of dementia in each of the models (OR=1.10, 

95% CI=1.05, 1.16). Higher BMI was associated with lower odds of dementia in each the 

models (OR=0.97, 95% CI = 0.93, 0.99). The lack of associations in these models can 

likely be attributed to insufficient statistical power leading to imprecise estimates. 

Table 19. Associations of change in reading time with 3MS, DSST, and CLOX 1 scores. 
 3MS Score DSST Score CLOX 1 Score 
 Coefficient Std. 

Err p Coefficient Std. 
Err p Coefficient Std. 

Err p 

Change in reading time           
Maintain REF   REF   REF   
Increase -.59 0.68  -1.09 0.96  -0.08 0.19  
Decrease -0.80 0.68  -0.35 0.96  0.15 0.19  

Physical activity          
2,000+ kcal/week REF   REF   REF   
500-1,999 kcal/week 0.22 0.55  0.42 0.77  0.16 0.15  
0-499 kcal/week -1.12 0.63 * -0.36 0.88  0.28 0.18  

Age  -0.45 0.09 ** -0.82 0.12 ** -0.10 0.02 ** 
Female 1.66 0.49 ** 4.34 0.69 ** 0.52 0.14 ** 
Black race -3.27 0.57 ** -6.12 0.80 ** -0.32 0.16 * 
Educational attainment          

Postsecondary  REF   REF   REF   
High school graduate  -2.62 0.53 ** -3.26 0.75 ** -0.53 0.15 ** 
Less than high school  -7.08 0.73 ** -11.15 1.04 ** -1.01 0.21 ** 

Self-rated health          
Excellent REF   REF   REF   
Very good -0.24 0.71  -2.29 1.00 * -0.13 0.20  
Good -1.54 0.74 * -4.54 1.04 ** -0.30 0.21  
Fair -2.01 1.02 * -6.00 1.44 ** -0.51 0.29 * 
Poor -1.75 3.46  -9.57 4.83 * -1.05 0.97  

CES-D 10 score  -0.14 0.07 * -0.17 0.10  -0.03 0.02  
BMI  0.09 0.06  -0.09 0.08  0.01 0.02  

 
N=1,253 
R2=0.17 

N=1,232 
R2=0.26 

N=1,248 
R2=0.07 

 
F(15, 1234)=17.32 
Model p<.0001 

F(15, 1213)=28.06 
Model p<.0001 

F(15, 1229)=6.20 
Model p<.0001 

**p<.01. *p<.05 
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Table 20. Associations of change in sitting time, TV watching, and reading with dementia (N=1,487). 
 Change in sitting Change in TV Change in reading 

 OR 95% CI p OR 95% CI p OR 95% CI p 
Change in sitting time           

Maintain 1.00         
Increase 0.96 0.63, 1.47 0.86       
Decrease 1.01 0.67, 1.54 0.95       

Change in TV watching          
0-27 hours/week 
both years    1.00      

28+ hours/week 
both years    0.80 0.03, 1.28 0.36    

Increase Y3 to Y6    1.09 0.73, 1.63 0.68    
Decrease  Y3 to Y6    1.13 0.70, 1.83 0.62    

Change in reading time           
Maintain       1.00   
Increase       1.05 0.70, 1.58 0.81 
Decrease       1.18 0.79, 1.76 0.42 

Physical activity          
2,000+ kcal/week 1.00   1.00   1.00   
500-1,999 

kcal/week 1.07 0.78 1.47 0.69 1.07 0.78 1.48 0.66 1.06 0.77, 1.46 0.71 

0-499 kcal/week 1.09 0.77, 1.55 0.63 1.10 0.78, 1.56 0.59 1.09 0.77, 1.54 0.63 
Age  1.10 1.05, 1.16 <0.001 1.10 1.05, 1.16 <0.001 1.10 1.05, 1.16 <0.001 
Female 0.99 0.75, 1.31 0.94 0.98 0.74, 1.30 0.90 0.99 0.75, 1.31 0.94 
Black race 1.07 0.78, 1.48 0.66 1.10 0.82, 1.47 0.65 1.07 0.77, 1.47 0.70 
Educational attainment          

Postsecondary  1.00   1.00   1.00   
High school 
graduate  1.08 0.81, 1.43 0.94 0.99 0.72, 1.35 0.94 0.98 0.72, 1.35 0.92 

Less than high 
school  1.50 1.05, 2.15 0.20 1.29 0.87, 1.91 0.21 1.29 0.87, 1.92 0.20 

Self-rated health          
Excellent 1.00   1.00   1.00   
Very good 0.88 0.58, 1.34 0.55 0.88 0.58, 1.35 0.57 0.89 0.58, 1.36 0.58 
Good 0.99 0.64, 1.52 0.95 0.99 0.64, 1.53 0.97 0.99 0.65, 1.53 0.98 
Fair 1.32 0.75, 2.31 0.34 1.32 0.75, 2.32 0.33 1.33 0.76, 2.33 0.32 
Poor 2.63 0.57, 12.10 0.22 2.73 0.59, 12.54 0.20 2.64 0.57, 12.22 0.21 

CES-D 10 score  1.01 0.97, 1.05 0.55 1.01 0.97, 1.05 0.59 1.01 0.97, 1.05 0.56 
BMI  0.97 0.94, 0.99 <0.05 0.97 0.93, 0.99 <0.05 0.97 0.93, 0.99 <0.05 
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Post hoc statistical power analyses for all models were conducted used G*Power 

3.1.9.7. The linear regression modeling sitting time with 3MS score had 14 predictors and 

R2=0.18. The sample size needed to achieve 95% power in this model was N=137, which 

was surpassed by the actual analytical sample size (N=1,250). The linear regression 

modeling sitting time with DSST score had 14 predictors and R2=0.26. The sample size 

needed to achieve 95% power in this model was N=91, which was surpassed by the 

actual analytical sample size (N=1,229). The linear regression modeling sitting time with 

CLOX 1 score had 14 predictors and R2=0.07. The sample size needed to achieve 95% 

power in this model was N=374, which was surpassed by the actual analytical sample 

size (N=1,245). Similar R2 and analytic sample size values were observed for the TV and 

reading time linear regression models, indicating sufficient statistical power for those as 

well.  

The linear regression modeling change in sitting time with 3MS score had 15 

predictors and R2=0.17. The sample size needed to achieve 95% power in this model was 

N=149, which was surpassed by the actual analytical sample size (N=1,253). The linear 

regression modeling sitting time with DSST score had 15 predictors and R2=0.26. The 

sample size needed to achieve 95% power in this model was N=93, which was surpassed 

by the actual analytical sample size (N=1,232). The linear regression modeling sitting 

time with CLOX 1 score had 15 predictors and R2=0.07. The sample size needed to 

achieve 95% power in this model was N=383, which was surpassed by the actual 

analytical sample size (N=1,248). Similar R2 and analytic sample size values were 

observed for the change in reading time linear regression models, which had the same 

number of predictors, indicating sufficient statistical power. The change in TV time linear 
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regression models contained 16 predictors. The 3MS score model needed a sample size of 

N=144 to achieve 95% power, given R2=0.18, which was surpassed by the analytical 

sample size of N=1,250. The DSST score model needed a sample size of N=95 to achieve 

95% power, given R2=0.26, which was surpassed by the analytical sample size of 

N=1,229. The CLOX 1 score model needed a sample size of N=392 to achieve 95% 

power, given R2=0.07, which was surpassed by the analytical sample size of N=1,245.  

The analytic sample for the three logistic regressions modeling change in sitting 

time, TV time, and reading time with odds of dementia was 1,487. A power analysis of 

the sitting time change model revealed insufficient power (15%) to detect an odds ratio of 

0.96, which represented the odds of dementia associated with increased sitting compared 

to maintaining sitting time over the 3-year period. A power analysis of the TV change 

model revealed insufficient power (35%) to detect an odds ratio of 1.09, which 

represented the odds of dementia associated with increased TV time compared to 

maintaining a low level of TV watching over the 3-year period. A power analysis of the 

reading time change model revealed insufficient power (19%) to detect an odds ratio of 

1.05, which represented the odds of dementia associated with increased reading time 

compared to maintaining reading time over the 3-year period. 

Discussion 

 This study is among the first to examine how different types of sedentary 

behavior as well as trajectories of those behaviors over time are associated with cognitive 

function in generally well-functioning older adults. Our hypotheses were partially 

supported. While reading was protective against cognitive decline seven years later as we 

expected, lower sitting time was also protective and there was no deleterious association 



72 

 

with excessive TV watching. In terms of change in sedentary behavior, we found that 

increased TV watching was associated with poorer cognitive function as anticipated but 

change in sitting or reading time was not associated with cognitive function. This 

suggests that sedentary behavior may have important contributions to cognitive function 

in older age, but that these relationships are complex. Lastly, change in any of the 

sedentary behaviors was not associated with dementia risk, which was likely due to 

insufficient statistical power.  

 We expected that participants who sat more at baseline or who increased their 

amount of sitting time would exhibit worse cognitive function due to lack of movement 

because physical activity has been demonstrated to improve brain health (PAGAC, 

2018). Additionally, excess sedentary behavior has been associated with other negative 

health outcomes (Copeland et al., 2017; Madden, Feldman, & Chase, 2021; Ekelund et 

al., 2019). Our findings together with other work suggest that the relationship between 

sitting and cognitive function is necessarily more complex. Previous research on this 

topic has yielded mixed results (Falck et al., 2017; Olanrewaju, et al., 2020) and one 

potential explanation is that while lack of movement may be generally worse for 

cognitive function, many cognitively stimulating activities are typically performed while 

seated. The question about sitting time in Health ABC asked participants about all time 

spent sitting, including both cognitively stimulating and other activities, which makes it 

difficult to interpret our finding that participants who sat more at baseline had better 

cognitive function at follow-up. 

 In light of this complexity, we also investigated reading and TV time to examine 

the relationships between one typically sedentary activity considered to be cognitively 
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stimulating and the other not. We found TV watching (an activity that we did not expect 

to be cognitively stimulating) at baseline was not associated with cognitive function. 

These findings do not necessarily contradict existing literature because while some 

studies found a link between TV watching and cognitive function, there were key 

differences between those studies and the present study. Kesee-Guyot and colleagues 

(2012) examined these associations in a younger cohort (mean age of 55); Da Ronch and 

colleagues (2015) employed a cross-sectional analysis; and Fancourt & Steptoe (2019), 

Hamer and Stamatakis (2014), and Bakrania and colleagues (2017) analyzed different 

subdomains of cognitive function than those included here. In addition, Fajersztajn and 

colleagues (2021) did not find an association with global cognitive function, which was 

included in this study through use of the 3MS. The variability in study population 

characteristics, cognitive assessment approach, and length of follow-up suggests the need 

for more research in this area. 

 We found that increased reading time was associated with small improvements on 

the 3MS and DSST seven years later. This finding aligns with results from previous 

research, which have demonstrated positive associations between reading and cognitive 

function, although, similar to the literature on TV watching and cognitive function, there 

is variability in the samples and measurement of constructs (Kurita et al., 2018; Nemoto 

et al., 2018). While more work is needed to improve rigor and reproducibility in this line 

of research, it would appear that encouraging and facilitating reading may be a promising 

area for intervention development to promote brain health in old age.  

 Our analyses did not uncover associations between trajectories of the different 

sedentary behavior measures and cognitive function, excepting TV watching, in which 
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moving from the low category (0-27 hours/week) at baseline to the high category (28+ 

hours/week) three years later was associated with a 1.5-point decrease in 3MS score 

compared to remaining in the low category across the 3-year period. To our knowledge, 

Kesse-Guyot and colleagues’ (2012) study is the only other attempt to examine whether 

change in different types of sedentary behavior is associated with cognitive function. 

Although they did not find a relationship between increased TV viewing and cognitive 

decline, the average age of participants in their study was 55 years. It is possible that we 

observed an effect because our study sample was substantially older (75 years old on 

average), suggesting that increased time spent watching TV could be an indicator of 

declining cognitive function, rather than a cause of it. As cognitive function declines, 

older adults may begin to spend more time in passive activities such as TV watching 

rather than engaging in more cognitively demanding activities. Future research should 

consider examining how the habits of older adults change over time, including the 

amount of time allotted to different leisure activities, to determine whether this could help 

loved ones of older adults and clinicians better monitor age-related cognitive decline. In 

addition, studies seeking to analyze associations of these factors with odds of dementia 

will likely need larger samples than we had available in this study to have adequate 

statistical power. 

The strengths of this analysis include the prospective design, relatively large 

sample size that was balanced by sex, and inclusion of physical activity as a control 

variable, which is often not typical in research on sedentary behavior (Olanrewaju et al., 

2020). We also tried to reduce the possibility of reverse causality by removing all 

participants who screened positive for dementia at baseline based on a cutoff score of 
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77/78 on the 3MS. However, 69% of the study population were white and 51% had some 

post-secondary level of educational attainment, which may diminish the generalizability 

of the findings. Also, information on physical activity and sitting time was self-reported, 

which could lead to bias as physical activity tends to be over-reported and sedentary 

behavior tends to be under-reported compared to objective measurements (Sallis & 

Saelens, 2000; Banda et al., 2010). This dynamic may have occurred in this study, where 

40% of participants reported high amounts of physical activity and the average time spent 

sitting was 6.8 hours per day. Another limitation of this work is that the sedentary 

behavior assessments were single item measures.  

Our findings and those of others indicate that the relationship between sedentary 

behavior and cognitive function is likely to be complex. Researchers should continue to 

investigate the pathways through which sedentary behaviors may affect brain health and 

whether interventions aimed at promoting cognitively stimulating activities and/or 

reducing the time spent on non-stimulating seated activities may improve cognitive 

function or slow cognitive decline among older adults. In addition, future research should 

consider examining whether changes in time spent on different leisure activities in old 

age are indicative of cognitive decline, with the goal of enabling loved ones and care 

providers to intervene early. Given aging demographics and the fact that older adults may 

spend up to 60% of their waking hours sitting or reclining (Matthews et al., 2008), there 

is a substantial public health benefit to understanding how sedentary behavior affects 

brain health in older age. 
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Chapter 5: Conclusion 

Overview  

 This dissertation aimed to explore the different ways that movement is 

longitudinally related to cognitive function and dementia among older adults making use 

of the data available in the Health ABC study. Manuscript 1 examined the independent 

and joint associations between physical activity and sitting time with dementia and 

cognitive function. The findings from this study revealed that neither excessive sitting 

nor low physical activity were independently associated with increased odds of dementia. 

In addition, the joint associations models indicated that the odds of dementia was no 

greater among participants who moved the least, that is, those who sat more than nine 

hours per day and expended fewer than 500 kcal/week in physical activity. The 

hypothesis that the odds of dementia would increase in a dose-response manner along 

with decreasing levels of movement was also not supported. Low physical activity was 

independently associated with poorer global cognitive function, as measured by the 3MS, 

but the independent association of sitting time and the joint associations of physical 

activity and sitting time with cognitive function were not statistically significant.  

 Manuscript 2 investigated the hypothesis that some types of sedentary behavior 

may be less harmful and potentially even beneficial to cognitive function by analyzing 

whether and how different sedentary behaviors as well as change in those behaviors over 

time are longitudinally related to cognitive outcomes after controlling for physical 

activity. Specifically, the study modeled the relationships between time spent sitting, 

watching TV (a non-cognitively stimulating activity), and reading (a cognitively 

stimulating activity) at one time point and then again across two time points with 

cognitive function and dementia. Results indicated that TV watching was not associated 
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with cognitive function, but that increased time spent sitting was associated with better 

performance on the DSST. In addition, reading time had a slight protective effect, leading 

to improved scores on two of the cognitive function measures, the 3MS and the DSST. In 

terms of trajectories of these behaviors, change in either direction of sitting or reading 

time was not associated with cognitive function or dementia. However, increased TV 

time over a period of three years was associated with a 1.5-point decrease on the 3MS, 

compared those who maintained a low level of TV watching over the same period. There 

was no association between change in TV watching with odds of dementia, which can 

likely be attributed to a low number of dementia cases in the study.  

Limitations 

 While Health ABC is one of a few studies to include items measuring all the 

constructs studied here, the sample constituted a healthy subset of the population; that is, 

individuals with no reported mobility limitations at study enrollment. The sample was 

further restricted to those who reported little or no difficulty walking and those who were 

free of any evidence of dementia three years after Health ABC began, which was baseline 

for the present research. The better than average health of the sample is further evidenced 

by the atypically high rates of activity among participants, with most reporting low levels 

of sitting and medium or high levels of physical activity. Relatedly, some research 

indicates that poor cognitive function is associated with greater risk of death and 

conversely, engaging in healthy behaviors is associated with a longer life expectancy free 

of dementia, meaning that the participants with worse health and/or cognitive function 

who otherwise may have developed dementia would be lost to follow-up and thus 

excluded from the study (Perls, Morris, Ooi, & Lipsitz, 1993; Stewart, Zelinski, & 
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Wallace, 2000; Dhana et al., 2022). This selective survival, along with the overall health 

and high activity levels of the participants, may have diminished the ability to detect 

associations between physical activity, sedentary behavior, and dementia.  

 A key limitation of the second manuscript was that the study likely had 

insufficient statistical power to detect associations of the independent variables with odds 

of dementia. We used continuous measures of cognitive function as outcome variables in 

both manuscripts to address this limitation as well as to examine whether physical 

activity and sedentary behavior were associated with cognitive decline that did not reach 

the threshold of dementia. The findings for Manuscript 1, that physical activity and 

sedentary behavior are not jointly associated with dementia, did not change when using 

the cognitive function measures. However, for Manuscript 2, increasing TV time over a 

period of three years was associated with a lower score on the 3MS, an effect that was not 

observed in the dementia model, indicating that the association between change in TV 

watching and dementia should be investigated further in studies with more cases of 

dementia. 

 Another limitation of this body of work was the measurement of the movement 

constructs. For example, the physical activity questionnaire assessed only the past seven 

days of physical activity. While this may improve recall of activities among older people, 

it may not be representative of typical activity patterns occurring over several years that 

may affect cognitive function. Additionally, the sedentary behavior questions were single 

item measures. The sitting time question specifically asked about sitting upright and did 

not include time spent reclining or lying down, which may have led to underestimates of 

actual sedentary time. The TV watching and reading questions did not specifically 
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reference sitting and so may have included standing or active time, for example, 

individuals watching TV while walking on a treadmill.  

 Lastly, the majority of the study population was white and had some post-

secondary level of educational attainment, which may diminish the generalizability of the 

findings. Also, information on physical activity and sitting time was self-reported, which 

could lead to bias as physical activity tends to be over-reported and sedentary behavior 

tends to be under-reported compared to objective measurements (Sallis & Saelens, 2000; 

Banda et al., 2010). This dynamic may have occurred in this study, where a large 

proportion of participants reported high amounts of physical activity and low amounts of 

sitting time. 

Strengths 

The strengths of these studies include that they are among the first to provide a 

nuanced examination into how different components of movement are associated with 

cognitive function and dementia in older age. While much research has explored the 

relationship between physical activity and/or dementia, the potential of joint association 

models of physical activity and sitting time has not been fully realized. In addition, some 

research has examined how different types of sedentary behavior, including those are 

cognitively stimulating and those that are not, are prospectively associated with cognitive 

function and dementia, but none have investigated how change in the amount of time 

spent performing these activities is associated with cognitive function in older adults.  

Additional strengths include the longitudinal cohort design of Health ABC, which 

provided the ability to use exposure variables that occurred up to fourteen years earlier 

than the outcome variables. In both studies, to strengthen causal inference, the possibility 
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of reverse causality was reduced by removing all participants who screened positive for 

dementia or who reported difficult walking at baseline to limit the confounding effects of 

some unmeasured health or social factor related to physical activity, sitting, cognitive 

function, and/or dementia. Lastly, Health ABC also had a relatively large sample size that 

was balanced by sex and assessed the constructs of interest to these two manuscripts, 

which is not common among studies today, let alone one that was initiated over two 

decades ago.  

Implications for Future Research 

 Future research should build upon the work described here by improving 

measurement to better elucidate the pathways through which movement may be related to 

cognitive function among older adults. For example, objective measures of physical 

activity and sedentary time are likely to be more accurate than self-report measures and 

may allow for more precise estimates. This is especially important because some 

participants may have been misclassified (e.g., in the low sitting time category as 

opposed to high sitting category) due to the bias inherent in self-report assessments. In 

addition, longitudinal studies should develop and employ valid and reliable measures of 

different types of sedentary behavior to help explicate whether performing cognitively 

stimulating activities, even while in a seated or reclined position, can offset the 

potentially deleterious effects of lack of movement. Studies should also examine the 

associations of movement with cognitive function over longer follow-up periods to better 

disentangle whether decreased movement in older age is a cause or an indicator of 

cognitive impairment and/or dementia. Lastly, it will be important for future research to 

try to estimate the cumulative lifelong benefits of engaging in physical activity or 
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reducing sedentary time. It may be the case that these behaviors do affect cognitive 

function, but that they need to be performed early and often to have a benefit. 

 Moving forward, studies should also consider how cognitive function and 

dementia are assessed. In the present research, the associations between independent 

variables that are typically powerful predictors of dementia, like education, were not 

statistically significant in the logistic regression models, which used a binary indicator 

variable for dementia. The associations were stronger in models that used continuous 

outcome measures of cognitive function. This may be because of the increased variability 

and statistical power afforded by the continuous variables, but on the other hand, it may 

be because the cognitive function measures are able to detect cognitive decline that does 

not meet or surpass the threshold for dementia. These continuous measures can 

potentially serve as early warning indicators of dementia. Additionally, the extant 

literature utilizes measures of various subdomains of cognitive function, which increases 

the difficulty in making cross-study comparisons. This dissertation research employed a 

global cognitive function measure; a polyfactorial measure of motor skills, attention, and 

executive function; and an executive function measure, where other researchers have 

used assessments of other subdomains, such as verbal fluency and recall. This is 

important because movement may affect some of these subdomains differently than 

others and without that nuance, understanding these relationships is challenging. If 

investigators were able to agree on a common set of assessments that includes as broad a 

representation of the different subdomains (and combination thereof) as possible, it 

would also enhance rigor and reproducibility.  
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Implications for Public Health Practice 

 While the findings from Manuscript 1 were null and those from Manuscript 2 

were mixed, they still carry several public health practice implications. For example, the 

fact that there were no associations, independently or jointly, between physical activity 

and sitting time and dementia within a healthy sample of older adults could inform 

movement guidelines for this population. If healthy older adults do not experience an 

additional benefit from movement on cognitive function, then perhaps recommendations 

could focus on other activities to improve cognitive function. Of course, increasing 

physical activity and reducing time spent sedentary is important for other health 

outcomes, but in terms of improving cognitive function or preventing or delaying 

cognitive decline, efforts may be better directed in other directions. This may not be the 

case for older adults who are less healthy or younger than those included in the present 

research, but more complexity in recommendations may be necessary as opposed to 

blanket statements, particularly as some older adults view needing to sit more for reasons 

of their age and/or ability as a moral failing due to stigma around being sedentary 

(Palmer et al., 2021). 

 The findings from Manuscript 2 offer insight into potential interventions to 

promote brain health among older adults. While older adults tend to be more sedentary 

than other segments of the population, it appears that some forms of sedentary behavior 

are worse than others for cognitive function. For example, the fact that reading was 

associated with better cognitive function may indicate that potential interventions should 

focus on replacing seated non-cognitively stimulating activities with those that are 

stimulating. This may be particularly relevant for those who are not sedentary by choice 
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and who are interested in ways to improve their cognitive function. In addition, the 

association between increased TV watching over time and worse cognitive function may 

not be an indication that watching more TV over time is bad for the brain, but rather that 

change in the time that older adults spend doing non-cognitively stimulating leisure 

activities could be a prodromal signal of cognitive decline or dementia, which could help 

early intervention efforts. 

Conclusion 

 The relationship between movement and cognitive function in older adults is 

complex and difficult to study, highlighting the need for further investigation in this line 

of research. However, given aging demographics and the global economic burden 

associated with dementia-related disability, there is a substantial public health benefit to 

understanding how movement affects cognitive function, including dementia, in older 

age. This is particularly important as older adults tend to be less physically active and 

more sedentary than other age groups, although some types of sedentary behavior may 

have benefits for cognitive function in older adults, outweighing the potential harms 

associated with lack of movement. This work takes preliminary steps to uncover the 

different ways in which movement and lack thereof are associated with the cognitive 

health of older adults.  
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