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Background & Objectives: Participation in cognitive, social and physical activity (PA)
may play a role in prevention of cognitive decline in older adults. Literature supporting
the benefits of healthy lifestyle behaviours, especially PA, on cognition continues to
accumulate. Moreover, a strong association between gait and cognitive health is
increasingly being recognized. Yet, a firm understanding of the individual differences
and between-person effects of PA on cognition and gait of older adults is lacking. Thus,
the primary objective of the main study was to distinguish the within- and between-
person sources of variation in PA on cognition in a group of inactive older adults. Study 2
examined the within- and between-person effects of a) PA on gait and b) gait on

cognition. Study 3 examined the social cognitive predictors of walking.

Methods: The between- and within-person of PA on cognition were examined in a
single-group longitudinal design. Participants (n=159) were enrolled in a four-month
supervised walking program and provided with materials and coaching to promote the
adoption of behaviours to enhance and maintain their cognitive health. Group participants
walked at least 3 times per week at a brisk intensity and were encouraged to get 150
minutes of moderate-to-vigorous PA per week. At baseline, participants completed
measures of social cognitive predictors of walking. Assessments of cognition, diet,
fitness, gait, PA and other health behaviours occurred at baseline, and at 6, 9, 12, and 16

weeks follow-up.

Results and Discussion: Multilevel models revealed significant: 1) within-person effects

of PA on select measures of executive functioning and 2) consistent between-group



effects of cognitive activity, but not other lifestyle behaviours, on cognition. Study 2
revealed consistent significant 1) within-person effects of PA on gait velocity and stride
time variability during dual task walking, 2) between-person effects of PA on gait
velocity during both dual task and normal walking, and 3) between-person effects of gait
velocity and stride time variability on cognition during both normal and dual task
walking. Significant within-person effects of gait on cognition were limited. In study 3,

self-monitoring emerged as a significant predictor of change in walking.

Conclusion: Distinct patterns of within- and between-person effects on the PA, cognition
and gait were observed. Further work will need to continue to clearly elucidate the
within- and between-person sources of variation in relations between PA, gait and

cognition using well-designed longitudinal and experimental designs.
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Chapter 1. General Introduction
Background

Due to the rapid aging of our population and the increased prevalence of age-
related cognitive diseases (e.g., Alzheimer’s disease and related dementias) with
advancing age (Desai, Grossberg, & Chibnall, 2010; Lindsay, Sykes, McDowell,
Verreault, & Laurin, 2004), strategies aimed at preventing cognitive decline and
promoting healthy cognitive aging are important public health priorities (Desai et al.,
2010; Hertzog, Kramer, Wilson, & Lindenberger, 2008; Lustig, Shah, Seidler, & Reuter-
Lorenz, 2009). Healthy cognitive aging includes language, thought, memory, executive
function, judgment, attention, perception, remembered skills, and the ability to live a
purposeful life (Centers for Disease Control and Prevention and the Alzheimer's
Association; 2007). It is not synonymous with absence of disease, but rather “the
development and preservation of [a] multidimensional cognitive structure that allows the
older adult to maintain social connectedness, and ongoing sense of purpose, and the
abilities to function independently, to recover functionally from illness or injury, and to
cope with residual deficits” (Desai et al., 2010, p. 3).

Dementia and related cognitive disorders have serious consequences not only to
the individual and his or her friends and family (e.g., cognitive impairments, poorer
quality of life, caregiver burden), but also to society in general (e.g., increased
institutionalization, and mortality, health care costs; Larson et al., 2006). With
improvements in health care in industrialized nations, individuals are living longer
(Statistics Canada, 2010; Health Canada, 2002). As such, it is important to ensure that

while prolonging the lifespan of older adults, we are also maximizing their quality of life



and years of independent functioning (Hertzog et al., 2008). Although major causes of
death are on the decline (i.e., heart disease, stroke, prostate cancers), deaths from
Alzheimer’s disease continue to climb, especially in adults aged 65 years of age and over
(Alzheimer's Association, 2014).

Theories of cognitive enrichment, including the “use it or lose it” hypothesis,
suggest that that leading an engaged lifestyle, including participating in intellectual,
social, and physical activities, has a positive impact on cognitive performance throughout
the lifespan (Hertzog et al., 2008) and may prevent cognitive decline by “exercising”
cognitive abilities (Bielak, 2010). Likewise, theories of cognitive or brain reserve suggest
that engagement in intellectual, social and physical activities enhances the cognitive
reserve needed to cope with dementia-related pathology. In support of cognitive reserve,
a lack of association between degree of pathology and clinical manifestations of dementia
has consistently been found (Briones, 2006; Daffner, 2010; Fratiglioni, Paillard-Borg, &
Winblad, 2004; Fratiglioni & Wang, 2007; Nithianantharajah & Hannan, 2009;
Scarmeas, 2007).

Within their cognitive enrichment hypothesis, Hertzog and colleagues view
cognitive development within a lifespan perspective, where cognitive performances are
seen as malleable and can be enhanced throughout the lifespan (Hertzog et al., 2008).
According to their hypothesis, an individual operates at a suboptimal level within a range
of cognitive functioning that is constrained by both genetics and biological aging. With
advancing age, biological aging puts greater constraints on an older adult’s functioning,
yet it is not fixed. Instead, they suggest that upward or downward movement in cognitive

performance can occur within these set boundaries as the result of various biological,



environmental and behavioural factors. Engaging in physical activity (PA) and other
healthy lifestyle behaviours (e.g., eating healthy, staying socially engaged, participating
in intellectually stimulating activities) are behavioural factors that can move an individual
within their predetermined range of functioning.

In line with these theories, in recent years, there has been a paradigm shift in
cognitive health research and programming whereby scientists and public health experts
have focused their efforts on maintenance of cognitive health and prevention of decline,
rather than on the treatment of cognitive dysfunction in aging (Albert et al., 2007). This
paradigm shift has come in response not only to the rapid aging of the population, but
also to a growing body of evidence that supports a link between healthy lifestyle
behaviours, most notably PA (and exercise), and cognitive health in later life (e.g., Albert
et al., 2007; Butler, Forette, & Greengross, 2004; Depp, Vahia, & Jeste, 2010; Fillit et al.,
2002; Hertzog et al., 2008). Although the literature supporting the positive relationship
between PA and cognitive health is growing, the findings are mixed and the current body
of research is fraught with methodological limitations. Briefly, four of the key
methodological issues include:

1) Existing studies often include small sample size/are under-powered.

2) Existing studies frequently involve interventions targeting less than minimum

recommended levels of PA to confer health benefits.

3) Poor description and/or selection of cognitive domains under investigation.

Neuropsychological measures used in the existing literature often: a) include

measures of general cognition rather than focus on specific cognitive domains of



interest, b) are chosen based on popularity rather than driven by hypothesis,

and/or ¢) examine only a limited number of cognitive measures.

4) Existing research has focused almost exclusively on between-group effects

while neglecting the individual differences that may contribute to the complex

relations between PA and cognition.
Moreover, in addition to these key limitations, it has been suggested that mixed findings
may in part be due to the influence of moderator variables that may influence an
individual’s responsiveness to the beneficial effects of PA on cognition.
Rationale and Study Purpose

It is imperative, given the current and emerging demographic, that further
research and public health priorities focus on methodologically rigorous research
examining the relations of modifiable risk factors to cognitive functioning and other
aspects of health and well-being in older adults (Desai et al., 2010; Hertzog et al., 2008;
Lustig et al., 2009; Rikli, 2000). It is also critical that this research focus on the
development and evaluation of programs supporting the adoption and maintenance of
attitudes, beliefs and behaviours believed to promote healthy cognitive aging (Logsdon,
Hochhalter, Sharkey, & Promoting Healthy Aging Research Network, 2009) and to
prevent disease and disability in the older adult population (Lustig et al., 2009).

Given the key limitations discussed above and the growing body of literature
supporting the beneficial effects of healthy lifestyle behaviours, in particular PA, on
cognitive health, the primary purpose of this study was to examine the influence of PA on
the cognitive health of apparently healthy inactive older adults using a brief longitudinal,

single group design with 5 waves of measurement (Chapter 3: Main Study). To reach this



aim, participants were enrolled in a four-month supervised walking program and
provided with materials and coaching to promote the adoption and maintenance of
behaviours to enhance and maintain their cognitive health. To improve on some of the
methodological limitations of existing literature, the current study:

1) Enrolled a sufficient sample size to detect medium effects;

2) Assessed multiple measures of cognitive function with an emphasis on
measures of higher-order cognitive function (executive function, attention,
and working memory), given the evidence that they may be preferentially
affected by physical activity;

3) Included an intervention that targeted the current minimum PA guidelines for
older adults; and

4) Employed multilevel models (i.e., time-varying covariation models) that
separated the between-group (difference in mean levels among individuals
across the four-month program) and within-group sources of variation
(changes relative to an individual’s own mean levels across the four-month
program) in PA and examined their distinct effects on cognitive function in
older adults.

Secondary aims were: 1) to examine the relations between PA, gait and cognition

in walking group participants (Chapter 3: Gait and Cognition Paper); and 2) to examine
social cognitive and self-regulatory factors that influence supervised walking program

attendance and regular leisure time walking (Chapter 4: Adherence Paper).



Research Objectives

Main Study
The primary objectives of this program of research were to determine if changes

in PA (moderate to vigorous physical activity and walking) were associated with changes
in cognitive outcomes (executive function, attention, working memory, episodic memory)
in older adults over a four-month period. An additional primary objective was to examine
moderating variables (age, gender, education, cardiovascular disease, midlife PA) that
may influence the strength of the relations between changes in PA and cognitive
performance in older adults. Secondary objectives were to examine the impact of changes
in other health behaviours (i.e., diet, intellectually stimulating activities, and social
engagement) on changes in cognitive function over the four-month program. In addition,
we examined if changes in PA were also associated with changes on a very brief battery
of fitness measures (6 minute walk test, body mass index (BMI), waist circumference)
over the four-month program.
Gait and Cognition Paper

Gait characteristics and variability (e.g., gait speed, stride length, stride width,
swing time, stance time, normalized velocity, cadence, stride tide time variability) have
been linked with cognitive function, incident dementia, mortality, and other important
indicators of health and well-being including mobility disability and risk of falls (Brach,
Berlin, VanSwearingen, Newman, & Studenski, 2005; Hausdorff, Rios, & Edelberg,
2001; Studenski et al., 2011; Verghese, Wang, Lipton, Holtzer, & Xue, 2007). Despite
the vast body of literature on the PA, gait and cognition in older adults, longitudinal
studies distinguishing between between-group and within-person sources of variation in

the relations between PA, gait and cognition in older adults are non-existent. As such, the



primary objectives of the second paper were to examine between- and within-person
effects on the relations between: 1) changes in gait and changes in cognition and 2)
changes in PA and changes in gait in a sample of older adults participating in the four-
month supervised walking program.
Adherence Paper

Greater understanding of the relations between PA, gait and cognition (Chapters 2
and 3) is of limited use if older adults do not adopt or maintain a physically active
lifestyle. The Canadian Physical Activity Guidelines for Older Adults 65 years and over
(Canadian Society of Exercise Physiology, 2011) recommends that older adults get 150
minutes of moderate to vigorous PA per week, but most older Canadians fail to meet
these guidelines. Research has consistently demonstrated that the majority of older adults
are inactive and that the prevalence of inactivity increases with advancing age (Azagba &
Sharaf, 2014; Canadian Fitness & Lifestyle Research Institute, 2010; Paterson, Jones, &
Rice, 2007; Shaw, Liang, Krause, Gallant, & McGeever, 2010). Understanding the
predictors of engagement in PA and other health behaviours associated with reduced risk
of dementia is an important piece in the design of interventions to promote the adoption
and maintenance of attitudes, beliefs and behaviours believed to promote healthy
cognitive aging. Therefore, the third paper examined social cognitive and self-regulatory
predictors of overall program attendance and regular leisure time walking within two
theoretical frameworks: 1) the Theory of Planned Behaviour (Ajzen, 1985, 1991) and 2)
the Multi-Process Action Control Model (Rhodes & de Bruijn, 2013). The former has
been studied extensively to predict intention and PA behaviour, while the latter is a new

and emerging post-intentional theory stemming from research on the weak association



8
between intention and behaviour. Predictors of change in program attendance and regular

leisure time walking over the 5 waves of measurement were also examined within the

same theoretical frameworks.
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Chapter 2: Main Study

Introduction
Engaging in physical activity (PA) contributes to physical and psychological well-

being and quality of life. The benefits of PA are numerous, including reduced risk of
more than 25 chronic diseases (e.g., coronary heart disease, stroke, hypertension, breast
cancer, colon cancer, type 2 diabetes, and osteoporosis), improved fitness, mobility (e.g.,
cardiovascular fitness, body composition, musculoskeletal strength and endurance
functional capacity), and psychological health (e.g., improved mood, reduced anxiety and
depression), and prevention of weight gain (Colcombe & Kramer, 2003; Hautier &
Bonnefoy, 2007; Paterson, Jones, & Rice, 2007; Warburton, Nicol, & Bredin, 2006).
Despite these widespread benefits, our population is overwhelmingly inactive, with
research demonstrating that physical inactivity is highest among older age groups
(Canadian Fitness and Lifestyle Research Institute, 2009; Chodzko-Zajko et al., 2009;
Paterson et al., 2007).

The alarming rate of physical inactivity in older adults is a serious public health
concern. With advancing age, not only does physical inactivity increase, but so too does
the prevalence of age-related cognitive impairments, such as Alzheimer’s disease and
related dementias (Alzheimer's Association, 2013; Alzheimer's Society of Canada, 2012;
Health Canada, 2002; Desai, Grossberg, & Chibnall, 2010; Lindsay, Sykes, McDowell,
Verreault, & Laurin, 2004; World Health Organization, 2012). To compound the
problem, the risk of developing dementia is significantly associated with physical
inactivity (Ahlskog, Geda, Graff-Radford, & Petersen, 2011; Fratiglioni, Paillard-Borg,

& Winblad, 2004; Sofi et al., 2011; Yunhwan et al., 2010). Moreover, with age older
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adults experience declines in cognitive function as part of the natural aging process

(Beurskens & Bock, 2012; Borel & Alescio-Lautier, 2014; Glisky, 2007; Park, 2000).
Age is associated with declines in a broad range of cognitive tasks, including attention,
memory, verbal reasoning and processing speed (Park, 2000). Older adults are especially
vulnerable to decays in higher-level cognitive functions, including executive function and
working memory. These age-related cognitive changes vary not only among individuals
(i.e., between-person), but also within individuals (within-person, Borel & Alescio-
Lautier, 2014; Glisky, 2007). Between-person sources of variation reflect differences
between groups (e.g., cognitive status groups, individuals high on PA engagement and
low on PA engagement, treatment and control groups, demographic groups); while,
within-person sources of variation reflect changes in an individual’s performance relative
to their own performance (e.g., fluctuations, both short and long-term, in one’s own PA
relative to their usual behaviour). Due to the increased prevalence of both inactivity and
cognitive impairment in old age, it is important to ensure that while prolonging the
lifespan of older adults, we are also developing programs to reduce age-related cognitive
and physical impairments, and maximize quality of life and years of independent
functioning (Hertzog, Kramer, Wilson, & Lindenberger, 2008).

As of yet, dementia has no cure; engaging in healthy lifestyle behaviours (PA,
diet, intellectual stimulation, social engagement) holds promise for promoting cognitive
health and preventing age-related cognitive decline or the onset of dementia. PA
programs are one such lifestyle intervention target with the potential to impact not only
cognitive function and disability, but also broader aspects of the overall health and well-

being of older adults. In fact, there is a growing body of evidence for the beneficial
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effects of PA and exercise on cognitive abilities and cognitive status in older adults. This

includes a variety of populations (healthy older adults, mild cognitive impairment (MCI),
dementia, stroke) and research designs including meta-analyses/systematic reviews (e.g.,
Carvalho, Rea, Parimon, & Cusack, 2014; Colcombe & Kramer, 2003; Gregory, Gill, &
Petrella, 2013; Guiney & Machado, 2013; Hamer & Chida, 2009; Heyn, Abreu, &
Ottenbacher, 2004; Sofi et al., 2011), quasi-experimental/experimental (e.g., Baker,
Frank, Foster-Schubert, Green, Wilkinson, McTiernan, Plymate, et al., 2010; Brown, Liu-
Ambrose, Tate, & Lord, 2009; Klusmann et al., 2010; Lautenschlager et al., 2008; Liu-
Ambrose et al., 2010; Muscari et al., 2010; Ruscheweyh et al., 2011; Scherder et al.,
2005), prospective observational (e.g., Abbott et al., 2004; Buchman et al., 2012; de
Bruijn et al., 2013; Larson et al., 2006; Middleton et al., 2011; Weuve et al., 2004; Y affe,
Barnes, Nevitt, Lui, & Covinsky, 2001) and cross-sectional designs (e.g., Boucard et al.,
2012; Brown et al., 2012; Farina, Tabet, & Rusted, 2014; Floel et al., 2010; Kerr et al.,
2013; Prohaska et al., 2009). Effect sizes from meta-analyses of experimental designs
have generally been small to moderate (ES=0.17 to 0.68), with larger estimates being
reported for higher-order cognitive functions/executive functions (ES = 0.68; Colcombe
& Kramer, 2003) and cognitively impaired samples (ES = 0.57; Heyn et al., 2004)
compared to healthy older adult samples (ES = 0.23; Angevaren, Aufdemkampe,
Verhaar, Aleman, & Vanhees, 2008).

Recent meta-analytic work of prospective studies has demonstrated that PA is
significantly inversely related to cognitive impairment (Hamer & Chida, 2009; Sofi et al.,
2011). Sofi and colleagues (2011) found that PA offered significant protection against

cognitive decline in individuals without a diagnosis of dementia (i.e., when comparing
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high versus low active groups HR= 0.62). Hamer and Chida (2009) restricted their meta-

analysis to prospective studies of dementia risk and found that compared to the low active
group, high PA offered significant protection against Alzheimer’s disease (RR=0.72) and
dementia (RR= 0.55).

However, not all literature is supportive. Some research has found no benefits of
PA/exercise on cognition (e.g., Hill, Storandt, & Malley, 1993; Kooistra et al., 2014;
Okumiya et al., 1996; Podewils et al., 2005; Steinberg, Leoutsakos, Podewils, &
Lyketsos, 2009; Sturman et al., 2005; van Uffelen, Chinapaw, Hopman-Rock, & van
Mechelen, 2009; Verghese et al., 2003; Yamada et al., 2003), while some of the literature
reporting positive effects of physical activity/exercise on cognitive function has found
benefits on only a select number of cognitive domains/specific tests from those which
were examined (e.g., Angevaren et al., 2008; Blumenthal et al., 1991; Gates, Singh,
Sachdev, & Valenzuela, 2013; Kramer et al., 1999; Snowden et al., 2011). For instance,
although the meta-analysis conducted by Angevaren et al. (2008) found that aerobic PA
had significant effects on motor function, processing speed, and auditory and visual
attention in healthy older adults; the authors note that the majority of the comparisons
examined were non-significant. Likewise, in a meta-analysis of randomized clinical trials
in individuals with mild cognitive impairment, PA had only small significant effects on
verbal fluency (ES=0.17), but none of the other cognitive measures (i.e., other measures
of executive functioning, information processing or memory) under examination (Gates
et al., 2013). For an extensive review of this body of literature, the reader is directed to

Appendix 1: Expanded Literature Review.
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It has been suggested that mixed findings are largely due to the vast heterogeneity

in the methodology (type, duration, and intensity of PA, definitions of PA, length of
follow-up, appropriateness of the cognitive functions under investigation, the description
of the neuropsychological domains under investigation, the quality of the neurocognitive
tests used in the assessment, choice of PA measures) and characteristics of the samples
(e.g., sample size, age, gender, health conditions) under investigation. The current
research program was designed to address four specific limitations discussed in the
current literature.

First, many of the existing studies have small samples sizes and were under-
powered for their comparisons (e.g., Amoyal & Fallon, 2012; Farina, Rusted, & Tabet,
2014; Hertzog et al., 2008). Across the literature reviewed, expert consensus has been
that larger samples are needed to advance our understanding of the relations between
PA/exercise and cognition. There is some evidence that higher quality studies (of which
sample size is an important criterion) produce larger effects (Etnier et al., 1997; Hamer &
Chida, 2009). Previous literature examining the effects of PA on cognition has found that
PA has medium effects on higher order cognitive functions (e.g., ES = 0.68; Colcombe &
Kramer, 2003). This study focused on the relations of PA with higher-order cognitive
functions, including executive function, working memory, and attention. As such, n=100-
150 older adults were recruited in order to detect medium effects.

Second, existing studies have received some criticism because they frequently
involve interventions that do not target at least the minimum recommended levels
(intensity and duration) of PA to confer health benefits (Kruger, Buchner, & Prohaska,

2009). Current national guidelines for minimum PA levels recommend that older adults
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engage in 150 minutes of moderate to vigorous physical activity (MVPA) per week

(Canadian Society for Exercise Physiology, 2011). Thus, participants were enrolled in a
four-month supervised walking program, asked to attend three or more supervised
walking groups per week, and encouraged to engage in 150 minutes of MVPA per week.
A walking program was chosen to due to its popularity and ease (i.e., cost, minimal/no
equipment, accessibility). Although the cognitive benefits of other non-aerobic activity,
such as strength training (e.g., Chang, Pan, Chen, Tsai, & Huang, 2012; Liu-Ambrose &
Donaldson, 2009) is accumulating, to date a larger body of evidence exists for the
beneficial effects of aerobic activities, including walking, on cognition in older adults
(e.g., Miller, Taler, Davidson, & Messier, 2012).

Third, the description of neuropsychology domains under investigation and the
selection of neuropsychological tests in the existing studies of PA/exercise and cognition
have been highly criticized across the literature (e.g., Etnier & Chang, 2009; Miller et al.,
2012; Salthouse, 2008; Tomporowski, 2009). Studies have often examined: 1) measures
of general cognitive function rather than focus on specific cognitive domains of interest,
2) tests chosen based on popularity rather than on hypothesis driven test selection, and/or
3) only a limited number of measures of cognition. In their reviews of methodological
limitations in the field, Etnier & Chang (2009) and Salthouse (2008) both advocate for
the use of multiple measures of cognition (and in particular executive functioning) to the
advance our understanding of relations between PA and cognition. Thus, for the current
study we carefully selected multiple measures of executive function, attention, and
working memory, using both traditional paper and pencil tasks and newer, computerized

measures, along with measures of episodic memory. An emphasis was placed on higher
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order cognitive functions because considerable research with both humans and animals

suggests that PA may preferentially affect executive functioning, working memory, and
attention (e.g., Colcombe & Kramer, 2003; Hertzog et al., 2008).

Fourth, it is also very likely that researchers in the field are missing part of the
picture by focusing their research efforts almost exclusively on between-group effects of
PA on cognition (e.g., high exercisers versus low exercisers, individuals who were active
throughout their lives versus those who were inactive, and exercise groups versus
controls), while neglecting to acknowledge the within-person differences (i.e., changes in
one’s PA levels relative to their own mean) that may contribute to the complex relations
between PA/exercise and cognitive function in older adults. Longitudinal observational
designs with repeated measurement waves are an optimal method to examine the
relations between intra-individual changes in PA and cognition. The need for multiple
waves rather than simple pre- post comparisons of cognitive performance has been
recognised in the recent literature (Farina, Rusted, et al., 2014). Lifespan developmental
researchers often employ multi-level models with time-varying predictors to achieve a
greater understanding of the relations between variables over time. Yet, choice of models
and failure to separate constant between-person sources of variation from time-specific
within-person sources of variation within these multilevel models has been identified as a
source of bias and can obscure results (Hoffman & Stawski, 2009; Morrell, Brant, &
Ferrucci, 2009; Thorvaldsson et al., 2012).

Although the need to examine intra-individual variability on the activity-cognition
relations has been highlighted in the literature (Hertzog et al., 2008; Salthouse, 2008), it

has rarely been examined. To the author’s knowledge, only a few studies have examined
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the dynamic coupling/time-varying covariation models of leisure activities, including PA

and cognitive function in older adults (Lovden, Ghisletta, & Lindenberger, 2005; Small,
Dixon, McArdle, & Grimm, 2012). For example, using latent change score models, Small
and colleagues examined the dynamic relations between self-reported participation in
social, cognitive and physical activities and changes in age-related cognitive declines in a
large sample of older adults (n=952) over a twelve-year period. Results indicated that
reductions in cognitive activities were significantly associated with subsequent declines
in verbal processing speed, episodic memory, and semantic memory and declines in
cognitive abilities were significantly related to further declines in engagement leisure
activities, especially social activities.

These prospective observational studies examined the dynamic relations and time
lag between long-term engagement in lifestyle activities on age-related declines in
cognitive skills (i.e., over the long term), rather than examining the time-varying
association between PA and cognitive performance due to formal intervention (i.e., more
short term). Moreover, these studies also failed to separate between- and within-person
sources of variation in PA in their models, which, as noted earlier, can lead to biased
results (Hoffman & Stawski, 2009). Based on the current literature review, studies of the
effects of PA or walking programs on cognition in older adults that made this distinction
were not identified. Thus, the current study used advanced statistics methods to
distinguish between the effects of between-group differences (i.e., differences in mean
levels of PA or walking across individuals) from within-person sources of variation (i.e.,
changes in PA or walking relative to one’s own mean level of PA or walking) on

cognitive function.
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It has also been suggested that mixed/inconsistent results for the effects of

PA/exercise on cognition are in part due to the influence of moderating variables, such as
age, gender, education, adherence, and genetics (Bielak, 2010; Clifford, Bandelow, &
Hogervorst, 2010). Outside of demographics, adherence and genetics, it seems likely
cardiovascular disease status/risk factors and midlife history of PA, for example, might
moderate the relations between PA and cognition. In fact, in the existing literature both
midlife PA and cardiovascular risk have been associated with reduced risk of cognitive
decline and Alzheimer’s disease and related dementia in later life (Buchman et al., 2012;
de la Monte, 2014; DeFina et al., 2013; Dregan & Gulliford, 2013; Elwood et al., 2013;
Feng et al., 2013; Flicker, 2010; Gallucci et al., 2013; Ku, Stevinson, & Chen, 2012;
Middleton, Mitnitski, Fallah, Kirkland, & Rockwood, 2008; Morgan et al., 2012;
Rockwood & Middleton, 2007; Rovio et al., 2005; Verhaeghen, Borchelt, & Smith, 2003;
Yaffe et al., 2004). Cardiovascular disease (glucose intolerance, diabetes, hyperlipidemia,
hypertension) is a risk factor for both vascular dementia and Alzheimer’s disease
(Ahlskog et al., 2011; Barber, Clegg, & Young, 2012). Elucidating the factors that make
an individual more responsive to the effects of PA/exercise on cognition is an important
step in designing effective interventions to promote healthy cognitive aging and prevent
cognitive decline (Etnier, Bielak, 2010; Clifford et al., 2010; 2008; Salthouse, 2008).
Primary Research Objectives

The present study sought to address these four issues by enrolling a sample of
community dwelling, apparently healthy older adults in a four-month supervised walking
program and providing them with materials and coaching to promote the adoption and

maintenance of health behaviours (healthy diet, PA, social and cognitive engagement) to
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enhance and maintain their cognitive health. The overall purpose of the study was to

examine the dynamic relations between changes in PA and cognitive function in
apparently healthy, inactive older adults using multilevel models/hierarchical linear
modelling (HLM). HLM allowed for the simultaneous examination of the effects of both
between-person and within-person sources of variation in PA on cognitive performance
to be examined. Age, gender, education, family history of dementia or other serious
cognitive impairment, cardiovascular disease status at baseline and history of midlife PA
were included as additional 