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Therisk of minor cognitive decline and dementia increases with advancing
age. Thus, asthe average lifespan of humans continues to rise the number of people
that are affected by dementiawill rapidly increase. Dementiais described as multiple
cognitive deficits that adversely impact activities of daily living. Lifestyle behaviors
may prove critical in delaying or preventing the onset of cognitive decline and
dementia. Specifically, exercise has been shown to decrease reaction time, improve
executive function, and maintain performance on gross measures of cognitive ability
in an aging population. Further, physical activity becomes even more important when
the genetic susceptibility for dementiarises. Apolipoprotein (APOE) €4 is one such
risk factor and is associated with the development of Alzheimer’s disease (AD).
Severe memory loss is one defining symptom of AD and greatly reduces quality of
life for afflicted individuals. The purpose of thisinvestigation is to determine the

specific behavioral impact of physical activity on those who are genetically at risk for



AD compared to those who are not. Sixty cognitively normal individuals between 50
— 70 years old were assessed on medical history, gross cognitive function, physical
activity, memory performance (Sternberg memory task), executive control function
(Eriksen flanker task), and finally APOE genotype. Using hierarchical regression
techniques, memory and executive function scores were regressed on age, education,
genotype, physical activity, and the interaction between genotype and physical
activity. Analysisreveaed that on the more difficult conditions of the memory task
as physical activity level increased, reaction time significantly decreased for APOE
€4 carriers. No such relationship existed for noncarriers. These resultsimply,
compared with other cognitive challenges, physical activity serves a protective role
for maintaining memory, particularly in those who are at a genetic risk for developing

dementia
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Chapter 1

I ntroduction

By the year 2050, an estimated 14 million Americans will be affected by
dementia (Bookheimer et a., 2000). Characterized by significant memory loss, poor
judgment, and decreased reasoning ability, dementia poses a major threat to one’s
health and wellbeing. Alzheimer’s disease (AD), the most common form of
dementia, requires extensive patient care and significantly compromises interpersonal
relationships. In fact, because of the growing elderly population, AD israpidly
becoming a serious public health concern. In order to attenuate the vast impact of
AD, intervention and treatment options need to be optimized. Pharmacological
treatments can reduce the severity of AD symptoms but do not provide a cure.
Simple intervention, such as proper diet, frequent exercise, and cognitive stimulation
may prove critical in delaying the onset of cognitive decline, especially for
individuals who are more susceptibl e to the development of dementia (Fritsch et al.,
2005).

Most individual s experience some cognitive decline as they age. Cross-
sectional and longitudinal studies of cognitive aging consistently demonstrate
decreased performance in avariety of different perceptual and cognitive processes
throughout the adult life span (Kramer et al., 2004). Certain cognitive abilities tend
to decline before others. Executive control, characterized by planning, scheduling,
inhibition, and working memory, islikely to decline before any signs of memory

impairment (Kramer et al., 1999). The specific cause of these behavioral symptoms



is unknown; however, alikely candidate is the natural deterioration of specific brain
regions. For example, Head (2004) and colleagues showed age-dependent volume
differences in the corpus callosum, an area of the brain supporting executive control.
Additional neuroimaging studies revealed marked volume differences in the tissue
density of the frontal, parietal, and temporal cortices as early as the third decade of
life (Colcombe et al., 2003; Salat et a., 2004). The rate and severity of
neurodegeneration and cognitive decline are not universal for al individuals. Various
mitigating factors, including socioeconomic status, level of education, a history of
head trauma, genetic predisposition, and lifestyle, influence the development of
cognitive dysfunction (Kempler, 2005).

One important lifestyle characteristic recently associated with enhanced
cognitive performance is aerobic exercise. Asfew as 6 months of cardiovascular
training improved executive control function in humans (Colcombe et al., 2004).
Further research shows that tissue density loss in the frontal, parietal, and temporal
cortices is ameliorated by cardiovascular fitness. Strikingly, the areas of the brain
that benefit most from exercise are also the areas that show the greatest decline early
inlife (Colcombe et al., 2003). Based on these results, the benefits of exercise appear
to have a measurable biological basis.

Animal research further illuminates the possible mechanisms underlying the
protective nature of exercise. Specific growth factorsin the brain, neurotrophic
factors, protect neurons, increase neural plasticity, enhance learning, and assist in the
overall maintenance of the brain (Cotman & Engesser-Cesar, 2002). Voluntary

exercise has been shown to significantly increase brain derived neurotrophic factor



(BDNF) in therat brain. Following wheel running, BDNF activity is most prominent
in the hippocampus, a structure central to learning and memory and also the area most
affected by AD (Johnson, et al., 2003; Cotman & Berchtold, 2002; Neeper et dl.,
1996). Several studiesindicate that BDNF production and expression are positively
correlated with physical activity level, thus, more aerobic exercise leads to greater
brain protection (Johnson et al.; Cotman & Berchtold). In addition to BDNF,
physical activity also promotes angiogenesisin therat brain. In thisregard prolonged
exercise (i.e., wheel running) has been found to increase blood profusion and blood
vessel density in the primary motor cortex (Swain et a., 2003; Black et al., 1990).
Similar findings have aso appeared in human studies. In alongitudinal investigation
comparing physically active and sedentary retirees, those who were sedentary
exhibited significant declinesin cerebral blood flow (CBF) over four years of follow-
up. Activeretirees, however, showed greater CBF and performed significantly better
on atest of cognitive function than their sedentary counterparts (Rogers et al., 1990).
Greater blood supply enables greater oxygenation of the brain that enhances learning
and promotes neuronal health.

Factors promoting brain health become even more important when genetic
risk for dementia accel erates the rate of neurobiological and cognitive decline. The
apolipoprotein E (APOE) €4 allele is recognized as a common Alzheimer’s
susceptibility gene. Using positron emission tomography (PET), €4 carriers show
hypoactivation in the same areas of the brain that exhibit remarkable deterioration in
AD, namely the hippocampus (Reiman et al., 2001). APOE &4 carrierslack the

ability to repair or maintain minor abnormalitiesin the brain. Itislikely that asthese



insults accrue, brain function becomes significantly compromised, possibly to the
point of dementia. Therisk for dementiais significantly higher for €4 carriers than
noncarriers and even greater yet for those expressing the homozygous €4 genotype
(Reiman et a., 2005; Strittmatter et al., 1994). Despite their increased risk, not all €4
carriers will develop dementia.

In this regard a recent investigation comparing APOE €4 carriers and
noncarriers demonstrated the protective role of physical activity in humans. The
relationship between the amount of physical activity and the risk of cognitive decline
in €4 carriers and noncarriers was assessed in a cohort of 347 elderly Dutch men with
amean age of 74.6 = 4.3 yr. In thisstudy, participants were grouped by exercise
behavior (high-active > 1 hour aday or low-active < 1 hour aday) and genotype (¢4
carriers and noncarriers). Cognitive function was measured using the Mini Mental
State Examination (MM SE), a gross assessment of mental ability. Cognitive decline
was defined as adrop of 3 or more points on the MM SE over a 3 year period. Asthe
results indicated, the risk of cognitive decline was significantly reduced in high-active
€4 carriers compared to low-active carriers. Risk of cognitive decline was similar in
al noncarriers. Thus, exercise seems to be an important factor allowing €4 carriersto
decrease the risk of accelerated cognitive decline (Schuit, et al., 2001).

Although the neurobiological effects of APOE €4 are vast, the hippocampus,
more than the frontal region, may show earlier deterioration as aresult of ¢4 (Reiman
et a., 2001). Because the hippocampus is associated with memory function, €4

carriers are likely to exhibit compromised memory performance. Therefore, the



biological benefits of exercise are likely to be most apparent in tasks involving the
hippocampus (memory tasks).

The purpose of the current study is to determine what specific areas of
cognition are most affected by physical activity in those with an increased risk for
cognitive decline. Specifically, the two areas of cognition that will be measured are
executive control function and memory. Kempler (2005) describes executive control
asthe cognitive abilities that direct and organize behavior, including anticipation,
goal selection, planning, initiation of activity, self-monitoring, and use of feedback.
Executive function is governed by the frontal lobe. Because the frontal region
declines with age, physical activity is expected to show a positive relationship with
performance on executive tasks for all participants. Memory issimply the ability to
recall previous events or knowledge in atimely manner. The hippocampus plays a
significant role in memory and is greatly compromised by APOE €4. Because brain
function is different in €4 carriers and noncarriers, physical activity is morelikely to
positively influence memory function in those genetically at-risk for cognitive

decline. (i.e.,, APOE €4 carriers).

Hypotheses
Each of the dependent measures derived from the Eriksen flanker task and those
derived from the Sternberg letter-memory task will be subjected to the following

hypotheses.

1) Physical activity will be positively associated with executive functioning,

regardless of genotype.



2) Physical activity will be positively associated with memory performance,
regardless of genotype.

3) When considering the APOE ¢4 allele, the carriers are expected to show a
more positive relationship with physical activity on the memory task than

the noncarriers.



Chapter 2

Review of Literature

Introduction

Thereview of literature in chapter |1 is subdivided into six sections. Thefirst
section summarizes the historical context of physical activity and cognition. Starting
with early reaction time studies in the 1970s and moving to current epidemiol ogical
research, section one establishes the relationship between physical activity and the
central nervous system. In section two, dementia and mild cognitive impairment
(MCI) are defined and compared to normal aging. Debate persists on whether normal
aging leads to dementia or if dementiais a unique entity that is independent of the
normal aging process. Section three discusses the genetic influence of apolipoprotein
(APOE) €4 on the development of dementia. APOE €4 iscommonly referred to asa
susceptibility gene for Alzheimer’ s disease (AD) and, therefore, highly related to
memory function. Section four provides an in-depth analysis of the relationship
between physical activity and the neurobiological mechanisms associated with
Central Nervous System (CNS) integrity. In many different ways, physical activity is
thought to ameliorate cognitive decline by directly impacting the biology of the brain.
The focus of section fiveisto assess the impact of physical activity on cognitive
declinein at-risk populations, namely APOE €4 carriers. Physical activity may prove
more important for those with a greater risk for cognitive impairment. Finaly,
section six summarizes the major points from each of the previous topics and

reiterates the relationship between physical activity and risk of cognitive decline.



Historical Context of Physical Activity and the Aging Brain

Physical activity is adefining characteristic of a healthy lifestyle. It has been
well established that regular exercise maintains the structural and functional capacity
of many bodily systems including muscular, skeletal, cardiac, and respiratory.
However, the relationship between physical activity and the CNSis less established.
In 1975, Spirduso assessed reaction and movement time as a function of age and level
of physical activity. Participantsincluded young and older men who were either
physically active or sedentary. In this cohort, physical activity was defined as the
participation in racket sports 3 or more times per week. Results indicated that
physical activity was a better predictor than age of reaction and movement times. Ina
later investigation, Spirduso and Clifford (1978) extended these results with the
addition of arunning group. Again, older participants who ran or played racket sports
reacted and moved faster than their sedentary peers. In addition, older active
participants displayed comparable reaction and movement times with sedentary
participants 40 years younger. Since reaction timeisrelated to CNS integrity, these
results implicate physical activity as a plausible method for maintaining CNS
functioning as one ages.

Expanding on the relationship between physical activity and reaction time,
Dustman et al. (1984) assessed the impact of aerobic training on cognitive function.

A sedentary cohort of 55-70 year old participants was evaluated on
neuropsychological tests, depression indices, sensory thresholds, and visual acuity.
Following the initial screening process, participants were assigned to either an aerobic

training group or one of two control groups. Those who were assigned to the control



groups experienced either strength and flexibility training or had no organized
exercise program. Following four months of training, participantsin the exercise
group performed significantly better on cognitive tests than both control groups. This
finding isimportant because exercise isidentified as a primary candidate for
improving cognitive function in a cohort of older adults, and further strengthening the
link between physical activity and CNS health.

Although behavioral differences in those with varying fitness levels had been
observed, the underlying neural differences had not been investigated. Using
el ectroencephal ography (EEG), a psychophysiological measure of brain function,
Dustman et al. (1990) showed that high-fit older men demonstrated more efficient
brain function, better neurocognitive performance, and enhanced visual sensitivity
compared with low-fit older adults. Thisstudy is one of thefirst to show
neurobiological differencesin those with varying fitness levels. It isreasonable to
assume that these neurobiological differences underlie the variability in cognitive
function seen in older adults.

Subsequent research reveal ed the specific behavioral impact of physical
activity on aging. In Chodzko-Zajko and Moore's (1994) review paper, they
supported the hypothesis that physical fitnessis associated with more efficient
cognitive processing in older adults when compared with less-fit individuals of the
same ages. The relationship, however, is highly task specific. Chodzko-Zajko and
Moore identified a continuum of cognitive processing moving from effortful to
automatic saying that, “ Effortful cognitive processes are conceived of asthose

requiring the alocation of considerable attentional resources for their successful



performance, whereas automatic cognitive processes are thought to be only minimally
dependent upon attentional resources’ (p. 197). Because of the inherent variability
present in effortful tasks, the impact of physical activity is stronger among more
challenging behaviors. Automatic processes however require little effort and
therefore have less of an opportunity to benefit from physical activity.

Further considering the specific impact of physical activity on effortful
cognitive tasks, Kramer et a. (1999) assessed the relationship between ageing, fitness
and executive control processes. Executive function is mediated by prefrontal and
frontal brain regions and involves tasks related to planning, scheduling, inhibition,
and working memory. Furthermore, the frontal |obe has been identified as the first
brain region to experience neural and cognitive changes as one grows older (West,
1996). Resultsindicated a substantial improvement in executive tasks over six
months of aerobic fitness training. Thisfinding is very important becauseit isthe
first to highlight the relationship between exercise and performance on a specific
cognitive task. Again, the positive relationship between executive task performance
and cardiovascular fitness training reiterates the role of physical activity in preserving
or improving brain function in an aging population. A recent meta-analysis by
Colcombe and Kramer (2003) supported the finding from above. They found that
with exercise, executive function benefited more than other cognitive tasks, which
again suggests a specificity affect of physical activity on mental function.

As people continue to live longer and longer the risk of serious heath
problems, including incident dementia, rises considerably. Therefore, beyond task

specificity, there appears to be a need to consider the impact of physical activity on
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specific populations, namely the aging population. In large epidemiological studies,
physical activity has been shown to protect against cognitive decline and dementiain
elderly persons (Laurin et al., 2001; Friedland et a., 2001). Because the elderly
cohort is growing rapidly, the need to understand how lifestyle behaviors interact
with aging is very important.

Laurin (2001) and colleagues conducted a study in order to explore the
relationship between physical activity and cognitive decline. Theinitial pool of
participants included 9008 randomly selected men and women over the age of 65 who
were al involved with the Canadian Study of Health and Aging (CSHA).
Participants underwent health history screening and were assessed on ability to
complete activities of daily living. The Modified Mini-Mental State (3MS)
Examination was used to evaluate cognitive function and was the main screening tool
to assess dementia. All participants with a 3M S examination score < 77 and a
random sample of those who scored > 78 were asked to take part in additional clinical
evaluation. Three possible diagnoses were given including no cognitive impairment,
cognitive impairment — no dementia (CIND), and dementia (including Alzheimer’s
disease, vascular dementia, and unclassifiable dementia). Following the initial
screening process all subjects without dementia were asked to complete a
guestionnaire with questions about demographic characteristics, occupational and
environmental exposure, lifestyle, and medical and family histories. Exercise data
were included as part of the self-administered survey regarding frequency and
intensity of exercise. Accordingly, physical activity level was classified as low,

moderate, or high. Follow-up evaluation was conducted an average of five years after
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theinitial investigation. Participants experienced the same screening and clinical
assessment as in the initial stage of the project. Through screening, personal choice,
death, or other 4,615 participants were involved through the end of the analysis. In
the final group 3,894 were still unimpaired (controls) and 436 were diagnosed as
having CIND, 194 AD, 61 vascular dementia, and 30 other specific or unclassifiable
dementia. Resultsindicate that regular exercise was more frequent for controls than
for subjects with CIND or dementia. Further, after controlling for age, sex, and
education all levels of physical activity were related to lower risksfor CIND
compared with no physical activity. Moreover, moderate and high levels of physical
activity were associated with lower risks for AD and any other form of dementia. In
summary and most importantly, individuals who experienced abnormal cognitive
decline during the follow-up period were significantly less physically active than
others.

For most people, participation in regular physical activity is a conscience
decision. Regardless of the reason for exercise, this large-scale study provided
evidence that regular physical activity plays a protective role against the risk of
cognitive decline and dementia, especialy AD. Inasimilar investigation, Friedland
et a. (2001) reported on AD susceptibility as related to participation in
“nonoccupational” activities. The 551 participants were separated into 2 groups
based on dementia status. The case group consisted of 193 AD patients and the
control group was comprised of 358 cognitively intact men and women. Participants
answered questions about intellectual, passive, and physical activities. These

guestions were classified in terms of the total number of activities, hours per month,
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and percentage of total activity hours devoted to each activity category. Results
indicated that control subjects were more active during early (20-39) and middle (40-
60) adulthood in all activities than case-group members. These results held true after
accounting for year of birth, sex, education, and income adequacy. Intellectual
activities yielded the greatest differences between case and control groups, yet
passive and physical activities were also significantly different. Collectively, these
studies demonstrated the importance of physical activity in reducing the risk of
cognitive decline and/or dementia.

A more recent investigation expands on the findings from above and
considers the specific relationship between physical activity and dementia. Larson
(2006) and colleagues assessed whether regular exercise was associated with a
reduced risk for dementiaand AD. Thislarge-scale longitudinal study consisted of
1740 persons older than 65. Exercise frequency, cognitive function, physical
function, depression, health conditions, lifestyle characteristics, and APOE genotype
were recorded at baseline. With an average of 6.2 years of follow-up, results
indicated a reduced incidence rate of dementiafor person who exercised three or
more times per week compared with those who exercised fewer than three times a
week (Figure 1). When potential confounders were adjusted for, those who exercised
three or more days per week had a 32% reduction in risk for dementia. Thisfinding
isimportant because it was one of the first to report on specific amounts of exercise

and the related risk for dementia, not simply cognitive decline.
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Figure I (Larson et al., 2006) Exercising 3 or more times per
week is associated with a reduced incidence rate of dementia

Normal Aging vs. Dementia

Dementiais adisorder that impairs normal cognitive function. As defined by
Kempler (2005) “Dementiais characterized by persistent, multiple cognitive deficits
in at least three spheres of mental function, including memory, language, visuospatial
skills, abstraction, calculation, judgment, and emotional state/personality” (p. 180).
These deficits must be severe enough to compromise normal social function or
interfere with work. In most cases, dementia progresses slowly, yet it can start
suddenly and advance rapidly. Dementia comes in many forms such as AD, vascular
dementia, and frontotempora dementias, with AD being the most common. Age
associated changes in cognitive function do not necessarily signify or predict the
onset of dementia. A common way of classifying these changes in cognitive function
iscaled MCI. Debate exists on what criteriamust be present for aclinical diagnosis
of MCI. Again, acritical factor in the diagnosis of MCI or dementiais assessing the

extent to which the cognitive decline impacts daily living.
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Not all individuals develop dementia as they age. In fact, some experience
little to no cognitive decline late into life. The question iswhether or not the minor
cognitive decline consistent with normal aging will eventually lead to dementiaor is
dementia a unique entity with a specific pathology. It has been established that AD
pathology isfirst prominent in the medial temporal lobe structures then spreading to
adjacent temporal, parietal and frontal neocortex (Braak and Braak, 1991). Head
(2004) and colleagues attempted to show a neurobiological difference between
Alzheimer’ s disease and normal aging using neuroimaging. Magnetic resonance
imaging (MRI) was used to gain volume measurements of the hippocampal and
callosal regions of 150 participants aged 18-93 years. All participants were classified
as either young, nondemented old, or early-stage AD. The brain regions of interest
were divided into subgroups to enhance specificity of the comparisons between
subjects. The corpus callosum was divided into five sections, each representing 20%
of the rostral-caudal |ength, and the hippocampus was sectioned as anterior, middie,
and posterior. The results indicated a significant volume reduction in the anterior
callosal region in nondemented older adults compared to young adults. Moreover, no
significant differences were present in callosal volume between early-stage AD and
nondemented adults. Meaning that all adults, regardless of dementia, show similar
age associated deterioration in the corpus callosum. In contrast, hippocampal volume
was greatly reduced in early-stage AD compared to both nondemented adults and
young adults. Further, no differences were found in hippocampal volume between
nondemented adults and young adults. Because the hippocampus plays akey rolein

memory function, and memory lossis prominent in Alzheimer’ s disease, the volume
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reduction found in thisregion is not unexpected. The structural differencesillustrated
by thisinvestigation further support the dichotomous view of aging and AD.

Albert (1997) provides additional behavioral evidence by showing the
differences between normal and abnormal memory loss. Age-related changesin
memory are common and not necessarily indicative of pathology. For example,
delayed recall appears to decline steadily with advancing age. 1n one study, Albert
asked participantsto listen to alengthy passage then recall as much as possible 20
minutes later. Between the ages of 30 and 80 a consistent decline was reported.
Later investigation revealed that when given more time to learn a certain passage
older individuals performed just as well as younger participants. AD patients, on the
other hand, have difficulty acquiring new information, no matter how much timeis
spent on a particular topic. Both immediate and delayed recall are significantly
impaired. Therefore, the specific behavioral impact of hippocampal deterioration is
exposed through significant memory impairment in AD patients.

In contrast, Buckner (2004) offers a possible explanation for changesin
memory associated with normal aging. As previously discussed, both demented and
nondemented adults show volume reduction in the anterior corpus callosum, which is
found in the frontal lobe. Executive tasks such as planning, scheduling, abstract
thought, elaboration, and inhibition are mediated by the frontal |obe and therefore
impacted by depleted neuronal volume. “Reduced executive function influences
memory because acts of remembering often rely on controlled processing, such as
strategic elaboration during memorization and guiding search at retrieval” (p. 196).

Again, not everyone with minor memory problems will develop AD or other forms of

16



dementia. The pathology of AD is unique and much different than age related

changesin brain structure.

Apolipoprotein and Cognitive Decline

APOE plays an important role in the transport of lipids and the maintenance
and repair of neurons. The 4 variant of APOE retards the transportation and
maintenance properties of the protein (Mahley & Huang, 2006). It has been
established that the presence of APOE €4 alleleis highly associated with AD
(Strittmatter et al., 1993; Corder et a., 1993). Corder and colleagues suggest “A
total of 80% of familial and 64% of sporadic AD late onset cases have at least one €4
allele compared to 31% of control subjects’ (p. 921). Furthermore, Strittmatter et al.
showed that the risk of AD significantly increases as the number of €4 alleles
increases from one to two. The specific behavioral impact of €4 however, is not
known. A potential explanation is that the presence of €4 impacts memory function
in seemingly normal individuals by affecting the hippocampus. Small changesin
memory may go unnoticed for several years, but continue to worsen and eventually
lead to MCI or amore severe form of dementia. In order to develop treatment and
prevention options, it isimportant to understand when and how APOE &4 impacts the
brain.

Casdlli et al. (2004) assessed whether memory |oss was measurable before
clinical diagnosis of MCI in those expressing a greater genetic susceptibility for AD
based upon presence or absence of APOE €4. Participants were recruited through

local newspaper ads requesting cognitively normal individuals who have a first-
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degreerelative with AD. After screening, atotal of 180 individualsincluding 93 4
noncarriers and 87 €4 carriers (42 €3/e4 heterozygotes and 45 e4/e4 homozygotes)
were enrolled in this longitudinal investigation. Participants had a mean age of 60
(£6.2) years and included 127 women and 53 men. At the onset of participation,
subjects underwent genetic testing to determine their APOE genotype. Additional
demographic information, medical history (general, cardiovascular, and
neurological), and education were recorded for al individuals. The Mini Mental
State exam (MM SE) and Hamilton Depression Rating Scale (Ham-D) were used to
ensure normal cognitive function. Any participants showing signs of cognitive
impairment (<27 on MM SE) or depression (10 or less on Ham-D) were eliminated
from the study. Memory performance, language ability, spatial skills, and executive
function were measured with a series of neuropsychological tests annually over a 6-
year period. Verbal memory was tested using the Auditory Verbal Learning Test
(AVLT) and Free and Cued Selective Reminding Test (SRT). The Ray-Osterrieth
Complex Figure Test (CFT) and Benton Visua Retention Test (VRT) were used to
measure visual memory. Because tests of general intelligence, language ability,
gpatial skills, and executive function showed no significant changes over follow-up or
differences between genetic subgroups the specific tests will not be mentioned.
Results indicated that APOE €4 carriers over the age of 50 demonstrate a
moderate longitudinal decline in memory skills over a 33-month period, but before
the symptomatic onset of MCI. Remember that, at the commencement of this
investigation, all participants were deemed cognitively normal based on aMMSE

score of >27 and aHam-D score > 10. These participants also denied any previous
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memory deficiencies. Thus, the presence of €4 alone seems to predict cognitive
decline at arelatively young age. It should be noted that these findings suggest
cognitive decline in €4 carriers, not incident dementia. Further investigation needsto
be done to determine if those experiencing memory loss associated with presence of
€4 actually develop dementia.

These findings have been corroborated by similar studies investigating
cognitive decline in APOE €4 carriers and noncarriers. An earlier cross-sectional
investigation by Caselli et al. (1999) on whether age-related memory declineis
influenced by APOE €4 found similar results. Delayed and immediate recall were
measured in three distinct groups, homozygous e4/e4, heterozygous €3/e4 and €4
noncarriers. Results indicated that, for the homozygous group, as age increased
memory performance declined, and for the heterozygotes and noncarriers no
association was found. These results suggest that age-related memory decline
happens earlier in cognitively normal é4 homozygotes than in €4 heterozygotes and
noncarriers. Again, the findings of this study further support the notion of a dose
response relationship between number of €4 aleles and risk of dementia.

Feskens et al. (1994) asked whether the €4 polymorphism predicts cognitive
deterioration in a cohort of elderly men with amean age of 74.7 years. The MMSE
was used to assess cognitive function at baseline and again three years later at the
conclusion of the study. Resultsindicate a higher prevalence of impaired cognitive
function at baseline among €4 carriers when compared to noncarriers. Further, 4
homozygotes showed the greatest decline in cognitive function over the three-year

follow-up. Likewise, heterozygous €4 carriers showed moderate cognitive decline
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and noncarriers exhibited the least amount of cognitive decline. Again, these results
suggest alink between the APOE ¢4 allele and impaired cognitive function.
Research has shown similar results in cohort of women. Y affe et al. (1997)
attempted to determine whether APOE €4 was associated with cognitive declinein
community-dwelling elderly women with a mean age of 71 years. A modified
version of the MM SE was administered during the initial visit and then again 6 years
later. Two additional cognitive tests (Trails B and Digit Symbol) were administered
in conjunction with the MM SE. Again, an association between APOE €4 and
cognitive decline was detected. Women with 1 or more €4 allele had worse
performance on all 3 repeated cognitive test scores than those without the presence of
e4. Cognitive decline was greatest among €4 homozygotes. A significant portion of
most cognitive tests involves the assessment of memory function. Therefore, when
performance declines on thesetests it isa direct result of declining performance on
memory tasks. The previous investigations equated the €4 allele with cognitive
decline and therefore established the relationship between depleted memory capacity

and APOE 4.

Neurobiological Mechanisms of Exercise Induced Effects on the Central Nervous

System

In order to better understand how physical activity protects against cognitive
decline, neuroimaging studies have proposed 2 major possibilities. First, using
magnetic resonance imaging (MRI), Colcombe et al. (2003) compared brain tissue

volume and aerobic fitness level in older adults. Starting in the third decade of life
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brain tissue naturally deteriorates and continues until death. “Average losses are
estimated at roughly 15% of cerebral cortex and 25% of the cerebral white matter
between ages 30 and 90” (p. 176). The rate and severity of lossis dependent on
genetic makeup, presence of pathological abnormalities, and lifestyle behaviors.

To explore the relationship between brain tissue loss and aerobic fitness level,
Colcombe (2003) and colleagues recruited 55 participants with a mean age of 66.5
years. The primary outcome measures were based on gray and white density maps,
created with high-resolution MRI. The Rockport 1-mile walk was used to estimate
V0, max, agross measure of cardiovascular fitness. Considerable deterioration was
observed in gray and white tissue density as afunction of age. The prefrontal,
superior parietal and middle/inferior cortices showed age-related declinesin white
matter density while the motor and occipital regions were spared. The regions
showing the greatest age-related declines also exhibited the greatest amelioration by
fitness (prefrontal, superior parietal and middle/inferior cortices). Furthermore,
within the white matter, the anterior and transverse tracts running between the frontal
and the posterior parietal lobes showed the largest beneficial effects of cardiovascular
fitness. Other potential confounding variables including alcohol and caffeine
consumption, hormone replacement therapy, years of education, and hypertension did
not affect the relationship between cardiovascular fitness and neural tissue density.
Thus, cardiovascular fithess proved to slow or prevent neural tissue loss and therefore
protect the structure of the brain.

Slowing neural degeneration is one possible explanation for the positive

effects of physical activity on cognitive function. Another common explanation is
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that physical activity improves task-specific neural activation in the cortex.
Colcombe et al. (2004) explored the impact of cardiovascular fitness on atest of
executive function and assessed cortical activation using functional magnetic
resonance imaging (fMRI). Executive function was measured by the Eriksen flanker
task (see methods). Asin the previous investigation, the Rockport 1-mile walk test
was used to assess cardiovascular fitness. Based on fitness level, participants were
placed in either high-fit (n=41), cardiovascular fitness training (n=15), or control
(n=14) groups. All participants underwent fMRI scanning at the onset of the
investigation. The high-fit group was separated by a median split on an estimate of
their VO, max. The two groups were statistically similar is measures of age,
education, hypertension, and Q. The flanker task was performed with alow error
rate for both groups. The high-fit group was consistently more efficient in dealing
with the conflicting cues than the low-fit participants. In addition, the high-fit group
showed greater cortical activation in areas associated with successful attentional
control, and less activity in conflicting areas of the cortex.

The cardiovascular fitness training and control groups were part of a 6-month
longitudinal investigation on the effectiveness of training intervention on cognitive
performance and cortical activation. Following theinitial fMRI and flanker
assessment, participants began a supervised training regimen. The fitness training
group participated in aerobic training while the control group underwent stretching
and toning exercises. Following the training period, participants repeated the fMRI
and flanker assessment. The aeraobically trained group showed an 11% reduction in

behavioral conflict from time one to time two while the control group revealed no
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change in behaviora conflict over the same period. fMRI results showed greater
task-related cortical activation and reduced conflict in the aerobically trained group
compared with control participants. These results suggest that a period as brief as 6
months of aerobic training can improve cortical efficiency and overall brain function.

Through increased task-specific cortical activation and reduced neuronal
volume loss, physical activity slows the aging processin the brain. It isimportant to
remember that participants in both of these studies were cognitively normal and
showed no signs of dementia. The protective effects of aerobic fithess may differ
when certain pathology is present.

Animal studies have investigated additional neurobiological mechanisms that
promote brain heath through physical activity. For example, exercise isthought to
cause the formation of new blood vesselsin therat brain. A process called
angiogenesis; blood perfusion provides additional nourishment throughout the cortex.
Black et al. (1990) tried to determine what activities promote the most angiogenesis
intherat brain. Ratswere assigned to an acrobatic condition, voluntary exercise
condition, forced exercise condition or inactive condition. For 30 days, ratsin the
acrobatic condition were given rope bridges, balance beams, tunnels, see-saws, and
other obstacles. Asthe days moved on, acrobatic trials became progressively longer
and more difficult. During the forced exercise condition, rats walked on a treadmill
progressively longer each day until they were walking for one hour daily. The
voluntary group had free access to a running wheel attached to their cage, with the
number of wheel rotations recorded each day. The inactive group was housed in

standard laboratory cages with minimal opportunities for learning or exercise.
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Results indicated that the voluntary exercise group ran an average of 19 +4
km over the 30 day period while those in the forced exercise group only ran 10.8 km.
Acrobatic and inactive rats traveled 0.9 km and 0 km respectively. Both the forced
and voluntary exercisers showed greater blood vessel density in the paramedian
lobules of the cerebellum than either acrobatic or inactive rats. Despite showing no
angiogenesis, the acrobatic rats benefited through synaptogenesis, a process of
increased connections between neuronal cells. Through learning and problem
solving, the acrobatic rats stimulated neuronal cells and thus improved networking in
the brain. Both angiogenesis and synaptogenesis are biological processes that support
brain health and integrity. Inasimilar investigation, Swain (2003) and colleagues
reported capillary growth in motor areas of the cerebral cortex as aresult of
prolonged exercise. Using therat brain asamodel, it islikely that aerobic fitness
training also causes angiogenesisin humans. Greater blood vessel density allows for
mai ntenance and nourishment of the cerebral cortex.

Another neurobiological mechanism studied in ratsis brain-derived
neurotrophic factor (BDNF). BDNF serves to increase neuronal survival, promote
synaptic development and plasticity, enhance neurogenesis, and improves learning.
Several recent investigations have suggested that exercise plays akey role in the
production and secretion of BDNF in the rat brain (Cotman & Engesser-Cesar 2002;
Cotman & Berchtold 2002; Johnson et a., 2003; Neeper et a., 1996).

In one report, Neeper et al. (1996) conclude that after 2, 4, or 7 nights of
running BDNF mRNA was significantly increased in the hippocampus and the caudal

third of the cerebral cortex of therat brain. Thisisimportant because, as mentioned
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earlier, the hippocampus is amajor structure associated with memory lossin

conjunction with AD. Hippocampa BDNF may prove critical in delaying or

preventing to onset of memory impairment in patients at-risk for dementia. In

another report, Cotman and Engesser-Cesar (2002) showed that exercise promotes

BDNF expression in the rat brain when compared to sedentary rats of the same

strand. Expanding on this finding, Cotman and Berchtold (2002) reported that BDNF

expression increased as a product of distance ran (figure 2). Meaning, with more

exercise, agreater amount of BDNF was found. BDNF is known to exist in humans

aswell. Through exercise or other mechanism, production and expression of BDNF

should be optimized to protect and maintain the continuity of the brain. Again, the

hippocampusis a mgor structure impacted by AD and aso exhibits the most

significant benefits from exercise through upregulation of BDNF in the rat brain.
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Figure 2 (Cotman and Berchtold, 2002) Both rats and mice exhibited a strong
positive correlation between distance ran and amount of BDNF in the brain.

Impact of Physical Activity on Cognition in Populations At-Risk

As previoudly discussed, the APOE €4 dlele is associated with an increased

risk for cognitive impairment. More specifically, APOE ¢4 isreferred to asa

susceptibility gene for AD. More than 40% of those with AD carry the €4 variant of
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APOE. Simpleintervention, such as exercise, might decrease the cognitive impact
for those carrying the APOE €4 dllele.

Schuit et al. (2001) examined the relationship between physical activity and
risk of cognitive decline in older €4 carriers and noncarriers. All participants were
previously enrolled in the Zutphen Elderly Study, alongitudinal investigation of risk
factors leading to chronic disease in men. The overall analysisincluded 347 elderly
Dutch men with amean age of 74.6 £ 4.3 years. The Mini Mental State Examination
(MMSE) was used to assess overall cognitive function. Questions on the MM SE
focus on the following areas. Orientation to place and time, registration, attention and
calculation, recall, language, and visual construction. A perfect score on the MMES
is 30, while a score of 25 or less represents impaired cognitive function. Each
participant was assessed on the MM SE twice spanning a three year period, and
cognitive decline was defined as adrop of 3 or more points over that time.

A self-administered questionnaire was used to assess physical activity. Designed for
retired men, this questionnaire asked about frequency and duration of walking and
bicycling in the previous week, the average amount of time spent weekly on hobbies
and gardening in both summer and winter; and the average amount of time spent
monthly on odd jobs and sport. Each activity was converted to minutes per week and
summed to estimate total weekly physical activity expenditure. Two distinct groups
emerged from the inventory and were described as; high-active > 1 hour aday or low-
active <1 hour aday. APOE genotype was determined using a blood sample for each
participant. Their €4 status was classified as present or absent. Despite having

homozygous (2.5%) and heterozygous (20.7%) €4 carriers, no distinction was made
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during the analysis. When combining genotype with physical activity, four separate
groups became apparent: High active €4 carriers, high active noncarriers, low active
€4 carriers, and low active noncarriers.

Results indicate that inactive participants were statistically more likely to
experience impaired cognitive function when compared with those more active.
When considering genotype, the risk of cognitive decline was nearly four times more
likely among low-active €4 carriers than high-active €4 carriers. Noncarriers
exhibited the smallest risk of cognitive decline (figure 3). Thisinvestigation shows
that exercise plays an important role in reducing the risk of cognitive decline among

APOE ¢4 carriers.

. - -: prisent
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Figure 3 (Schuit et al., 2001) Low-active e4 carries have the greatest risk for
cognitive decline

Another investigation on the relationship between physical activity, APOE
genotype, and cognitive function yielded different results. The purpose of this study
was to consider the link between physical activity and incident dementiain APOE €4

carriers and noncarriers (Podewils et a., 2005). The key difference between these
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two studiesisthat Schuit et al. (2001) assessed “risk of cognitive decline” while
Podewils and colleagues measured actual cases of incident dementia.

The 3,660 participants were recruited to take part in the Cardiovascular Health
Cognition Study (CHCYS), a population based longitudinal study (1992-2000)
investigating the risk factors for incident dementia. Participants were screened on
cognitive function, physical activity, APOE genotype, and other covariates (age,
gender, education, cardiovascular health, mental health, and social networking).
Based on the established exclusion criteria, 233 participants were ruled ineligible and
thus 3,375 remained for final analysis. Physical activity was measured using a
modified version on the Minnesota Leisure Time Activity Questionnaire. Quartiles of
leisure-time energy expenditure were established by estimating each participant’s
weekly kilocalorie usage. An activity index was also recorded to determine the
number and diversity of activities among participants. Asin the previous study, all
APOE ¢4 carriers (e2/e4, €3/e4, e4/e4) and noncarriers (e2/e2, e2/e3, €3/e3) were
grouped together for analysis. Baseline cognitive function was measured using the
Modified Mini-Mental State examination. Diagnosis of Alzheimer’s disease was
based on National Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’ s Disease and Related Disorders Association (NINCDS-ADRDA)
criteria

A total of 480 subjects devel oped incident dementia over 5.4 years of follow-
up. When compared with those who did not, those who developed dementia had a
lower education level, were more likely to carry the APOE €4 allele, and had poorer

cognitive performance at baseline. The results indicate an inverse association
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between physical activity and Alzheimer’s disease for APOE €4 noncarriers but
found no association for APOE €4 carriers. Despite having different dependent
measures, these results seemingly contradict those from Schuit ea al. (2001), but
comparisons should be made with caution. Again, Schuit and colleagues only
assessed the risk for cognitive decline, not actual cases of dementia. Because of the
associated risk for cognitive decline, APOE €4 carriers are good candidates to
measure the impact of physical activity on an array of cognitive tasks. The apparent
discrepancy found in these studies demonstrates the need for further investigation in

the area of APOE €4, physical activity, and cognitive decline.

Summary

The preceding review of literature highlighted the relationship between
physical activity and CNSintegrity. Through measurements of reaction time, general
cognitive function, and specific mental challenges physical activity level was highly
associated with greater performance. In addition, these observations were made
among an aging population suggesting that the benefits of exercise could be
population specific. While age-related changes in cognitive function are expected,
exercise may prove more critical for those with a greater susceptibility for cognitive
decline, namely APOE ¢4 carriers. Thee4 aleleisrelated to AD and predicts
cognitive declinein carriers. Using a gross measure of cognitive function, the
MMSE, Schuit et al. (2001) showed that physical activity slows or reduces cognitive
decline in high-active €4 carries compared to low-active carriers. Exercise directly
impacts the brain through neurobiological mechanisms such as, angiogenesis and

BDNF both promoting brain health. Discrepanciesin current literature on the
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relationship between exercise and €4 carriers demonstrate the need to continue
research in thisarea. Delaying or preventing AD or other forms of dementiawill
ultimately prove critical in reducing the impact of aging on the public health system

and more importantly, improve quality of life for older adults.
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Chapter 3

M ethods

Participants

Participants included 62 healthy men and women between the ages of 50 and
70 (Table 1). The participants were initially recruited for a magnetoencephal o-graphy
(MEG) study investigating physical activity, genotype, and the aging brain. Local
running events, health clubs, newspaper ads, and the campus community were the
primary recruitment sources. Participants were assessed on medical history, cognitive

function, level of physical activity, and APOE genotype.

Screening of Participants

Health problems were assessed for each participant by using a medical
history questionnaire (Appendix A). Participants experiencing psychiatric or
neurological disorders or those taking psychotropic medication were excluded from
data collection.

Participants were screened for cognitive impairments with the Cambridge
Cognitive Examination (CAMCOG, Appendix B). The CAMCOG is a subsection of
the Cambridge Examination for Mental Disorders of the Elderly — Revised
(CAMDEX-R). The CAMDEX-R is a standardized, structured interview and
examination used for the diagnosis of mental disordersin older adults. The
CAMDEX-R and the CAMCOG were both designed with special emphasis on
dementia. The CAMCOG is used to assess older adults generally ages 65 and up on

the following cognitive functions: orientation, language, memory, attention and
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calculation, praxis, abstract thinking, and perception (Roth et a.). The CAMCOG
includes two other widely used tests, the Mini-Mental State Exam (MM SE) and the
Abbreviated Mental Test, for purpose of comparison. Subjects who scorein the
range of 28 to 30 on the MM SE usually show awide distribution on the CAMCOG.
The CAMCOG is scored on arange from 0 — 107, with the total coming from the
combined scores of the subsections. Thiswidely used examination has proven useful
in assisting with the differential diagnosis of dementia. Significant differences have
been found on total CAMCOG scores as well as on each subscale (Williams et al.,
2003). In astudy conducted by Huppert et al. (1996) using a population aged 75
years and older, the mean total CAMCOG score for non-demented patients was
89.69, 77.95 for patients with minimal dementia, and 65.46 for patients with mild
dementia. A cut-point of 80/81 produced the highest levels of sensitivity and
specificity of the CAMCOG in predicting dementia diagnosis. For the current study
we will be using a cut-point of 28 on the MM SE and 85 on the CAMCOG. The cut-

point of 85 will be used to adjust for the younger population that we will be using.

Genetics Methods

The APOE genotype has three major isoforms; €2, €3, and €4, €3 being the
most common and associated with normal function of the gene. In that regard, the
most common genotype of APOE ise3/e3. As previously discussed, thee4 allele
retards the normal function of APOE and negatively impacts cognitive function. In
contrast, €2 is associated with enhanced or improved cognitive function. Genotypes
were grouped based on risk of cognitive decline. Therefore, €2/e2, €2/e3, and €3/e3

were classified as noncarriers or low risk and €3/e4 and €4/e4 were classified as
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carriers or at-risk for cognitive decline. Two £2/e4 genotypes were excluded from
analysis because of the competing role of each allele.

Enrolled subjects provided a blood sample to enable comprehensive
genotyping. Standard, sterile procedures were used to obtain a 10-ml blood sample
from an antecubital vein for consented subjects, and genomic DNA was isolated from
peripheral lymphocytes using standard techniques (PureGene DNA Isolation Kit,
Gentra, Inc.). Unique identification numbers were used for each DNA sample
received, such that the identity of the subjects was not known during any portion of
the project, including data analysis. This ID number was linked with al necessary,
but ssimilarly blinded, phenotype data.

Genotyping was performed using restriction fragment length polymorphism
(RFLP) techniques. The APOE genomic sequence was amplified by PCR using
standard techniquesin a DNA thermal cycler (Name brand) using the following
forward and reverse oligonucleotide primers. (APOE-OP-F. 5 ACT GAC CCC
GGT GGC GGA GGA GAC G3' & APOE-OP-R: 5" TGT TCC ACC AGG GGC
CCCAGG CGCTC3). Amplified product (15 ul), ~300 base pairs (bp) in length,
of study participants was added separately both to 2 units of HAEI enzyme and to
7.5 units of AFLIII enzyme for digestion and incubated at 37 degrees for 24 hours.
Each digestion sample was loaded on to a 3% agarose gel containing ethidium
bromide and electrophoresed. After electrophoresis the DNA fragments were
visualized by ultraviolet illumination and fragment sizes were estimated by
comparison to a1 kb ladder run on the same gel. Genotyping of subjects was based

on the following fragment sizes: 2/2: HAEIIL: 267 bp AFLIIIL: 231 pb 2/3: HAEII:
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267,232 bp AFLIII: 231 bp 2/A: HAEII: 267, 232 bp AFLIII: 295, 231 bp 3/3:
HAEII: 232 bp AFLIII: 231 bp 3/4: HAEII: 232 bp AFLIII: 295, 231 bp 414: HAEII:

232 bp AFLIII: 295 bp.

Yale Physical Activity Survey

The Yale Physical Activity Survey (YPAS, appendix C) was administered to
study participants during their initial visit as part of the study on physical activity, the
aging brain, and genotype. This survey assesses the physical activity level of each
person. Physical activity in this survey encompasses deliberate exercise aswell as
daily activity of people, such as climbing steps and doing housework. Energy
expenditure is recorded as kilocal ories, summed, and averaged to calculate a weekly
pattern of physical activity. The three scoring dimensions included in the YPAS are
total time, energy expenditure, and activity summary scores (Dipietro et a., 1993).
Total time is shown as the total number of hours per week for all activities combined.
Energy expenditureis calculated by multiplying the time for each activity by an
intensity code (kcal - min™) and then summing all the activities to create an index
(kcal - wk™). The activity summary score or Yaleindex is calculated by multiplying
the frequency score by the duration score, and then multiplying by aweighting score
for each of thefive activities. Thesefive activities are vigorous activity, leisurely
walking, moving, standing, and sitting. Using physical activity as a continuous
variable allowed for the assessment of a dose response relationship between physical
activity and cognitive function.

Dipietro et al. (1993) report a positive correlation of r = .58 between the

Y PAS activity dimensions summary index and V O,max, and an inverse relationship of
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r = -.43 with percent body fat. Repeatability coefficients ranged from .42 to .65
between two administrations (two-weeks apart) of the YPAS for the eight summary
indices (Dipietro et al.). Shuler et al. (2001) found moderate to good short term
repeatability of R = .70 to .82 for the three survey indices. High-intensity exercise
related activities were reported to have a higher repeatability than lower-intensity
activities, possibly due to the recall of more structured exercise as compared to the

recall of more random activities of daily living (Dipietro et a., Shuler et al.).

Eriksen Flanker Task

A modified version of the Eriksen flanker paradigm was chosen to assess
executive control function (Cohen, et al., 2000). Participants were required to ignore
misleading information in order to make a correct response. The Eriksen flanker
paradigm measures executive control function. Participants looked at a computer
screen and were given acue “+” followed by 5 arrows “<<<<<.” Participants were
instructed to indicate the direction of the center arrow (right or left) by pressing a
corresponding key on the keyboard. The arrows were oriented in a congruent or
incongruent fashion and can be seen in figure 4. Participants were encouraged to
respond as quickly and accurately as possible for each of the 200 trials. Response
latency and accuracy were measured during the Eriksen task. Each participant saw
the following directions prior to completion of the Eriksen Flanker Task: For each
trial you will see a white cross to orient you visually “+”, followed by a row of five
arrows, “>>>>>" or “>><>>" Your task is to focus on the middle of the five

arrows and press a button with your right or left index finger, corresponding to the
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direction of the middle arrow. Please respond as quickly and accurately as possible.

We are interested in both your accuracy and reaction time.

CONGRUENT “+” “<<<<<” INCONGRUENT “+” “<<3><<”

Figure 4 Congruent and incongruent conditions for the Eriksen flanker paradigm

Sternberg Memory Task

Memory performance was measured by the Sternberg working memory task
figure 5. Participants were given a cue followed by a string of 4, 6, or 8 |etters. Each
letter string size was represented equally over 100 total trials. Following the
presentation of the letter string, a probe letter was presented on the screen and
participants were to determine if this letter was part of theinitial string by pressing a
corresponding button on the keyboard. After the probe letter was given, anew trial
began. Again, speed and accuracy were emphasized because they are the measures of
interest. Prior to completing the Sternberg task, each participant read the following
instructions: Each trial consists of a red square as an orienting cue, a card with some
letters, and a single yellow probe. Press the right “ctrl” key if the probe was among
the letters. Press the left “ctrl” if the probe was not among the letters. Try to fixate

the red square before each trial and respond as quickly and accurately as possible.

CUE: “wm” Letter string: “TRSFK H” | Probe: “H”
250 ms 300 ms YESor NO

Figure 5 A six letter string followed by the probe letter “H.”
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Data Analysis

All statistical analysis was done using SPSS version 12.0. Mean and
variability was reported for age, education, kcal expenditure and the MM SE score. In
addition, differences between genotype groups were assessed with 2-tailed
independent sample T tests for the same variables mentioned above.

In order to assess the logical structure of the data set, inter-correlations were
computed between genotype, age, years of education, physical activity (i.e., Yae
Index, Kcal expenditure, and Y ale exercise), and each of the 16 cognitive
performance scores (i.e., response accuracy and average latency for 4, 6, & 8 letter
strings for both matching and mismatching conditions of the Sternberg memory task
and response accuracy and average latency for both congruent and incongruent
conditions of the Eriksen flanker task). Two-tailed probability was reported and in
select cases where directionality was expected, 1-tailed probability was
parenthetically indicated.

The relationship between physical activity and mental performance was
examined using hierarchical regression analysis. Each of the 16 performance scores
(i.e., response accuracy and average latency for 4, 6, & 8 letter strings for both
matching and mismatching conditions of the Sternberg memory task and response
accuracy and average latency for both congruent and incongruent conditions of the
Eriksen flanker task) were separately regressed on age, education, genotype (i.e.,
presence or absence of APOE €4), physical activity (Y ae kcal), and the interaction

between genotype and physical activity.
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Chapter 4

Results

Descriptive Statistics

The mean and variability for age, education, genotype and MM SE can be seen
intable 1. Statistical analysis revealed no differences between €4 carriers and

noncarriersin age, education, physical activity or MM SE.

Group g4 Carriers Noncarriers | T (2-tailed p)
N 62 18 42 -
Male/Female 35127 13/5 21/21 -
Age 60.26 (4.74) 59.17 (5.25) 60.74 (4.61) | #(58)=1.161,p
=.250
Education | 17.58 (2.45) 17.72 (2.31) 17.52 (2.58) | #(58) = -.280, p
=.780
Ykecal 8056.74 8698.5 7925.04 #(58) =-.616, p
(4393.80) (4193.84) (4559.38) = 540
28.06 (1.2) 27.89 (1.45) 28.21(1) | t(58) = 1.003, p
MM SE =.320

Table 1 The mean and (standard deviation) reported for the entire group then
separately for €4 carriers, and noncarriers.

Correlation Analyses

Only significant correlations are reported here. The entire correlation matrix

can be seen in appendix D.

Eriksen Flanker Task

Results indicated a positive correlation between age and reaction time on the
congruent (r =.307, p = .016)(1-tailed p = .008) and incongruent (r =.325, p = .011)
(1-tailed p = .006) conditions of the Eriksen flanker task. Age was also positively

correlated with percent correct on the Eriksen incongruent condition (r = .240, p =
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.062) (1-tailed p = .031). Both kcal expenditure (r = .262, p = .041)(1-tailled p = .021)
and Yale exercise (r =.251, p =.051) (1-tailed p = .026) were positively related to

percent correct on the Eriksen incongruent condition.

Sternberg Memory Task

Education was negatively correlated with reaction time for the six-letter string
of the non-matching Sternberg task (r = -.276, p = .039)(1-tailed p = .019). The
Presence of APOE €4 was positively related to reaction time for the eight-letter string
of the matching Sternberg task (r = .336, p = .013) (1-tailed p = .007). The number of
APOE ¢4 al€eles present was positively correlated with reaction time for the eight-
letter string of the non-matching condition (r = .283, p = .038)(1-tailed p = .019). The
reported amount of exercise was positively correlated to percent correct on the
Sternberg eight-letter string of the non-matching condition (r = .336, p =.011) (1-
tailed p =.006). The YALE index was positively related to percent correct on the
Sternberg six- (r =.267, p = .047)(1-tailed .024) and eight- (r = .273, p =.042) (1-
tailed p = .021) letter strings of the non-matching condition. Finaly, the YALE index
was positively related to reaction time on the Sternberg six-letter string (r = .315, p =
.018)(1-tailed p = .009) of the matching condition. All other correlations were not

significant.

Hierarchical Regression

Sternberg 4-letter Condition

No significant predictors were found for any of the 4-letter conditions (i.e.,

match, non-match, congruent, incongruent) of the Sternberg memory task.
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Sternberg 6-letter Condition

For the six-letter string of the Sternberg matching condition regression
analysisrevealed that increased physical activity caused a decrease in reaction time
for APOE ¢4 carriers (Fchange(1,48) = 7.182, p = .010, § = -.464). No such
relationship was shown for non-carriers (Figure 6). Thisindicates a significant
interaction between physical activity and genotype on the medium level memory task.
For the six-letter non-matching condition of the Sternberg task, regression analysis
revealed that education was negatively related to reaction time (Fchange(1,51) =
4.591, p = .037), meaning that as formal years of educations increased, reaction time

decreased.

Sternberg 8-Letter Condition

An interaction was found on the hard memory task between genotype and
physical activity. For the eight-letter string of the Sternberg matching condition
regression analysis revealed that as physical activity increased reaction time for
APOE &4 carriers decreased (Fchange(1,48) = 4.114, p = .047, B =-.441). Again, no
such relationship was shown for non-carriers (Figure 7).

Additionally, for the eight-letter non-matching condition of the Sternberg task,
regression analysis revealed that genotype was positively related to reaction time
(Fchange(1,50) = 6.027, p = .018). This saysthat the presence of APOE €4 slows

reaction time. Complete R? change and F change results can be found in appendix e.
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Figure 6 — Scatter plot of reaction time scores on the 6-letter matching Sternberg task
and kcal expenditure for noncarriers (A) and carriers (B) of thee4 alele.
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Figure 7 — Scatter plot of reaction time scores on the 8-letter matching Sternberg task
and kcal expenditure for noncarriers (A) and carriers (B) of thee4 alele.
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Chapter 5

Discussion

Hypothesis 1

Increased physical activity will be positively associated with executive
functioning, regardless of genotype.

Hierarchical regression revealed no relationship between physical activity and
executive function. However, percent correct and physical activity were positively
correlated on the incongruent condition of the Eriksen flanker task, meaning that
participants became more accurate with greater amounts of physical activity.

Because of the conflicting information, which requires executive processing for
resolution, the incongruent trials were more likely to show improvement with

physical activity than the congruent trials. However, both conditions of the Eriksen
task require simple discrimination, leading to a high accuracy rate. Assuch, there
was little variability in the performance of this task so the findings should be
interpreted tenuously. Although Kramer et al. (1999) found significant improvements
in executive function with exercise using neuroimaging; the simplistic nature of the
present task may limit the ability to detect arelationship between behavioral
performance and physical activity. Asnoted, the Eriksen flanker task has been
successfully employed in neuroimaging studies (revealed a relationship between brain
activation and physical activity) probably due to the greater measurement specificity
of neuroimaging. Furthermore, it should be mentioned that all participants were

highly educated with an average of 17.6 years of education and lacked any signs of



cognitive impairment based on an average of 28.1 on the MM SE. Both of these
factors are associated with improved performance on cognitive tasks and, as such, this
sample of participants provided a conservative test of the relationship between ssimple

executive function and physical activity.

Hypothesis 2

Increased physical activity will be positively associated with memory
performance, regardless of genotype.

Although an interaction between genotype and physical activity was revealed
(see hypothesis 3 below) the hierarchical regression did not show unique variance
accounted for in memory performance on the Sternberg task by the consideration of
physical activity alone. However, positive correlations were revealed between
physical activity and percent correct on the six and eight-letter non-matching trials of
this task, showing that increased physical activity was associated with greater
accuracy on these conditions. Because of its ssmplicity, no differences were expected
or found for the four-letter string of the Sternberg task. Again, a possible explanation
for the lack of significance found for physical activity in the hierarchical regressionis
that participants were both highly educated and cognitively normal during testing.
Therisk for dementia and cognitive decline decreases as years of education increases.
In this regard, unique variance in reaction time on the medium non-matching
condition was accounted for by consideration of education alone, thus demonstrating
that highly educated participants responded faster than those with less education.
Another possible explanation is that certain components of memory function are

likely to remain stable late into life. Devoid of pathology in the brain such as



neurofibrillary tangles and amyloid plagues, only minor changesin long-term
memory function are associated with aging. The Sternberg task however requires
working memory and is more sensitive to declines in general memory function. That
being said, performance on the Sternberg task was significantly more variable than
the Eriksen flanker task because of the difficulty imposed by the six and eight-letter
string conditions. Asseen in figures 6 and 7, no relationship was found between
memory performance and physical activity for noncarriers of €4, probably because
participants were high functioning to begin with. Therefore, physical activity had

little opportunity to positively impact memory performance in this group.

Hypothesis 3

When considering the APOE &4 allele, the carriers are expected to show a
more positive relationship with physical activity on the memory task than the
noncarriers.

Consistent with the predictions, APOE €4 carriers showed faster reaction
times for the Sternberg memory task with greater physical activity. In contrast, as
discussed above, noncarriers demonstrated no relationship between physical activity
and memory performance. Specificaly, high-active €4 carriers exhibited
significantly faster reaction times on both the 6 and 8-letter matching conditions of
the Sternberg memory task than low-active €4 carriers. This interaction demonstrates
the protective nature of physical activity in those genetically susceptible to dementia.
Without any consideration of physical activity participation (i.e., model 3 of
hierarchical regression), the liability of APOE €4 was confirmed by the positive

relationship found between genotype and reaction time for the 8-letter non-matching
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Sternberg task. In other words, the presence of APOE €4 aone predicts slower
reaction times for carriers, but the positive impact of physical activity was clearly
shown by the significant interaction between genotype and physical activity.

As previoudly discussed, the lack of relationship found between the predictor
variables (i.e., age, education, genotype, physical activity, and physical activity
genotype interaction) and the four dependent measures derived from the Eriksen
flanker task (i.e. reaction time and percent correct for congruent in incongruent
conditions) and four of the twelve dependent measure derived from the Sternberg
memory task (i.e., reaction time and percent correct for the 4-letter match and no
match conditions) was not unexpected. The simplicity of these tasks and the high
cognitive ability of the participants led to little variability in performance scores. The
eight remaining dependent measures corresponded with percent correct and reaction
time for the six and eight-letter match and no match conditions of the Sternberg task.
Although these conditions were considerably more difficult than the four-letter string,
participants performed similarly on accuracy for both six and eight-letter conditions.
As such, the greatest performance variability was seen with respect to reaction time.
Because of the established relationship between CNS integrity and reaction time
(Spirduso 1975) participants at-risk for cognitive decline (i.e., €4 carriers) were
expected to respond slower than those without the same risk. Therefore, the
dependent measures of primary interest were reaction time scores for the six and
eight-letter conditions of the Sternberg task. Likewise, out of the four possible

reaction time scores, two significant interactions were found.
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General Discussion

Liability of APOE ¢4

Using neuroimaging, Head and colleagues (2004) showed anterior-to-
posterior deterioration in the corpus callosum, a brain structure that mediates
executive function and is compromised by age-related neuronal volume loss. When
comparing AD patients with normal aging, no differences were found in the callosal
region. However, when comparing the hippocampus in AD patients to normal aging,
it showed significant deterioration and was behaviorally accompanied by noticeable
memory impairment. One major predictor for hippocampal deterioration in humans
isthe presence of the APOE €4 allele. In astudy of cognitively normal participants,
similar in makeup to the current investigation, Reiman et al. (2005) showed that €4
carriers demonstrated hypoactivation in memory structures before the onset of
dementia or mild cognitive impairment. However, it islikely that the neurobiological
mechanisms related to physical activity are potent enough to counteract the
neurodegeneration observed by Reiman. Several studies also indicated that the
phenotypic expression of €4 isrevealed through memory dysfunction (Caselli et a.,
2004; Caselli et al., 1999; Feskens et al., 1994; Yaffe et al., 1997). Inthe current
investigation, low-active €4 carries performed noticeably worse on the Sternberg
memory task than noncarriers, showing that behaviora deficits are detectible in
middle-aged, cognitively normal carriers of APOE 4. With the addition of physical

activity, €4 carriers exhibited similar performance on the Sternberg task as
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noncarriers; suggesting that physical activity compensated for the cognitive deficits

associated with the presence of APOE €4.

Neurobiological benefits of Physical Activity: A possible explanation for the

interactive effect between genotype and physical activity

Because APOE ¢4 carriers have been isolated as prime candidates for
cognitive decline, an understanding of the gene environment interaction between €4
and physical activity will help to slow or prevent its phenotypic expression. Through
neurobiological mechanism, physical activity directly impacts the biology of the
brain. As previously discussed, BDNF or brain-derived neurotrophic factor servesto
increase neuronal survival, promote synaptic development and plasticity, enhance
neurogenesis, and improve learning. It has been shown that exercise plays akey role
in the production and secretion of BDNF in the rat brain (Cotman & Engesser-Cesar
2002; Cotman & Berchtold 2002; Johnson et al., 2003; Neeper et al., 1996).
Furthermore, following exercise, the expression of BDNF is most prominent in the
hippocampus (Neeper et al.). Thus, because of the association between cognitive
decline in €4 carriers and deterioration of the hippocampus, BDNF likely contributes
to the behavioral differences seen in the Sternberg memory task by protecting the
hippocampus in high active participants.

Angiogenesisis another protective mechanism resultant from high levels of
physical activity. More diffuse blood flow leads to greater nourishment and
protection of the brain. Acting in accord with BDNF, angiogenesis severs to protect
high-active €4 carriers against dementia. Greater circulation in the brain not only

provides greater oxygenation, but also serves to remove unnecessary waste products.
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Specificity

Reaction time has been described as a key predictor of central nervous system
integrity. Spirduso and Clifford (1978) showed that the participation is racket sports
and/or running lead to decreased reaction and movement times. Thus, in this
example, the benefit of physical activity istask specific. Considering a specific
population, Schuit et al. (2001) demonstrated that high-active €4 carriers showed a
significant reduction in the risk for cognitive decline. The findings from the current
investigation combined task and population specificity by describing the relationship
between physical activity and memory function (task) in those genetically at-risk
(population) for dementia. Because no relationship was found between physical
activity and genotype on the Eriksen task (i.e., executive function), this further
suggests that the APOE €4 genotype targets the hippocampus and memory function

specifically.

Future Directions

Neuroimaging investigation would further illustrate the relationship between
APOE €4 and hippocampal deterioration. In addition, the measurement specificity
afforded by neuroimaging alows for the in-depth analysis of the underlying neural
pathology associated with this genotype. To combat the impact of APOE €4, an
exercise intervention study would help determine the specific relationship between
physical activity and cognitive function. A study that employs both neuroimaging
and exercise intervention would provide the strongest evidence for the unique

interaction between physical activity and APOE €4 genotype.

49



Appendix A

Medical History

MName __ Telephone

Address__ -

Date of Birth Age GenderM___ F _

Race, ethnicity: __ Caucasian ___ Black Hispanic _____ Asian
— - Cither

Color Blind  Yes___ No

Years of education (High school = 12 years, plus any additional years of college)_

Flease indicate your primary job/career during your lifetime. I you have had multiple careers,
please list them:

Medical History  Are you currently taking or have you taken any of the following medications
within the past two months?

Aspirin, Bufferin, Anacin Tranquilizers
Blood pressure pills Weight reducing pills
Cortisone Bleod thinning pills
Cough medicine Dilantin

Digitalis Allergy shots
Hormones Whater pills

Insulin or diabetic pills Antibiotics

Iran or blood medications Barbituates
Laxatives Phenobarhital
Sleeping pillz Thyroid medicine
Estrogen Vitamin E

Other medications not listed

Have you ever had any conditions or injuries which required brain surgery? Yes___ Mo
If 50, piease explzin

Do you currently or have you ever had any of the following medical disorders?

Heart attack Yes Mo

Chest pam Yes Mo

Hardening of the arteries Ves___ Mo_

Irregular heart baat Yes_ Me

Kidney disease Yes__ Mo

Diabetes Yes__ No____

Cancer Yes_ | Mo___

Gout Yes_ Mo____

Asthma Yes_ MNo___

Epilepsy or saizure disorder Yes,_ MNo___

Migraine headaches es_ Mo__ i yes, frequency, intensity____
Psychiatric disorder Yes Ma. if yas, what diagnasis
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Physical Actfvity

Has your physical activity level remained consistent during the previcus 5 years?
a. very consistent 0. somewhza! consistant . inconsistent

Have you had any injuries or medical conditions that caused you to be physically inactive for
more than 3 months during the past 5 years?

e Mo If yes explain

We are interested in haw stable your physical activity level has been over the course of your
lifetime. Please use the scale below to rate your level of physical activity for the previous five
decades,

Using the scale below, how would you characterize your physical activity level between the
ages of 20 and 287

—._Between the ages of 30 and 297

___Betweean the ages of 40 and 487

___Between the ages of 50 and 597

— - _Between the ages of 60 and 697 if applicable

Very physically active, regular asrobic exercise and sporis

Fairly physically active, sporis and active leizure

1
2

3 Moderately physically active, hobbies, active leisure activities

4 Fairly physically inactive, very few sports, light physical leisure activities
5

Very physically inactive, no sports, non-physical leisure activities

Memory, Family History

Do you have difficulty with your memory more than you used to? YIN____

Do you forget where you have left things more than you used to? Wﬂ_

Do you forget the names of close friends or reiatives? Y/N__

Have you ever been in your own neighborhood and forgotten your way? YIN___

If you answered yes to ary of these questions, please answer the following three questions.

When did this difficulty begin? (Duration in months)
Did it come on gradually or suddenly?
Has it become worse or better since it started?

Do you have any biclogical parents, siblings, or grandparents who have been clinically diagnosed
with Alzheimer's disease? Yes Mo, It yes, please list how many. Do not give names.
Parenis Yes___ Mo How many_____

Siblings Yes__ No___ How many

Grandparents Yes 'No_ How miany
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Appendix B

Cambridge Cognitive Examination (CAMCOG)

The CAMDE X-R Schedule

Section B Cognitive examination — CAMCOG

Before commencing, make sure you have the following tems:

Booklet Pencil Wristwatch {with a second hand for timing)
Blank sheet of paper (A4) Envelope Coins: two coins of different value

Ensure that calendars and clocks are not available to assist subjects in answering questions about
date and time.

This section contains all 19 items of the Mini-Mental State Examination of Folstein et al. (1 975,
Some, but not all of these items are used in scoring the more comprehensive Cambridge
Cognitive Examination (CAMCOG]). A list of the items comprising each of these examinations is
=et out on pp. 65—66

It is important that you speak slowly and clearly. If the subject appears not to have heard or
understood, repeat the guestion (unless the item specifically prohibits repetition).

Do not give correct answer il a wrong answer or no answer is given.
Make a note of any unusual responses including extra memory items recalled.
Coding: This section differs from other sections of the CAMDEX in that subjects who don't know,

refuse to answer or give a silly answer are given a score of 0 {not 8), which is equivalent to giving an
incorract answer. Where a score of 8 or 88 is recorded, indicate why the question was not asked.

Write Something on every guéshibn.

25

| am going to ask you some questions now which have to do with your memeory and concentration. Some of
them may seem rather easy, others may be difficult, but we need to ask everyone the same guestions.

i oriontation | Nobe Hae Fimme ak bemmaing: -

Time

139. WWhat day of the week is it? Incorrect (4]
Carrect 1 o

What is the date today? : :

1420, Date Incorrect 0
Correct 1 9

121, Month ."i-;:-u-:.:-rract : o
Correct 1 k-]

1.115 ‘l"ea.r ............................................................................................................................ et e e S
Correct 1 =
Crorrect 1 9

Ao Taribiliy when ssasan changes, a.g. for northemn hemisphers:
March = winter/spring: Jure = spring/summer
Seplember = summerfawiumn: Decamber = awlumniwinier

CAMDEX-R © Cambridge Urivarsity Press, 1998,



26 The CAMDEX-R Schedule

144. Can you tell me where we are now? For Incorrect 0
instance, what county (state) are we in? Correct 1 )

145 g e T P e tmt}r}"?‘ it PN ST st M e R Inccrrec't :
Correct 1 =]

145 o atarﬂtmmmnstr&e‘lsr;&_arbytﬂr e e e
your home) 7 Correct 1 2

+Iﬁ? lncorrect 0
Correct 1 a

if tested at home, the adoress mus! include encugh information for mail o arrive

Comprehension: Motor response

If the subject does nof complete the full sequence then the whole instrirchion may be repeated, withouwt change in fone or
fempa, fo ensure that i has been heard and understocd. Frompting and coaching stage by sfage are not aifowed

| am going to ask you to carry out some actions, so please listen carefully

149 Pleasa nod your head. Incorrect (4]
Correct 1 ]

150. Touch your right ear with your lefthand. @ Incorrect  ©
161 Before looking at the ceiling please lookat @ Ilncorect = ©
the floor. Corract 1 g

152. Tap each shoulder twice with two fingerskeeping @ Incorect  ©
your eyes shut. Correct

—_
12}

| am going to ask you some questions and would like you to answer ‘yes' or ‘no’

153 s this place a hotal? Incorrect 1]
Correct (‘no’) 1 g

154:“& \'ﬂlages'lar‘get“‘lﬂl‘i e TR oo e e Rk e
Correct ('na’) 1 -]

155 Was there wireless/radic in this country before Incorrect o
television was invented ¥ - Correct ('yes’) 1 a

CAMDER-R © Cambridge Univaraity Press, 1999,
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The CAMDE X-R Schedule

Expression: Naming

in questions 158 and 157 accurale naming is nesded. Descrplions of funclion or Bpproximale answers are nat
acceptable. Acceptable answers may deperd on iocal usage. Sovme items may have move than one correct name, as
has been indicated. Errors include descrption of function (e.g. ‘used for telling the time " for walch) and approximate
answers (e.g. ‘weaighing machine' for scales; ‘bag” or ‘carier’ for suitcass; ‘light’ for lampt.

in the case of soproximale answers, you should say 'Can yew think of another woard for @7

Tick sach ilem correctly named in questions 156 and IST and aenter number correct urrder TorsS

156. Show pencif

What is this called? Peancil e
Show wristwatch
What is this called? Wistwatch
Tatal (T R ")
Yor | oe poing 1o show you soms objects. . Shoe,sandal
Please tell me the name of each one. Typewriter
Show "Pictures for naming’ in booklel Scales
Suitcase, Portmanteau
Barometer. it
Table lamg, lamp gt
Total b R

158. Mame as many different animals as you can think

of. Wou will have one minute to do this. Number comreact I e |
Only il subject asks for clanfication, axplain that animals include Note: Recode: 0=0
Girds, fish, insecls, humans, ete. If subject gets stuck, encoursge  For CAMCOG  1-4 =1
himiher with ‘Can you think of any more ' Record number sSCone 8=2
correct in ane minute (repelifions not fo be counted bul age 10—=14=3
and serual variants should be counted e.g. call, cow;, bull, 15-19 =4
; K 20-24=05
List all ifems o5+ = B . g9
Expression: Definitions
For questions 1559—7T62, saccepfable answers may depend on local vsags
158. ‘What do you do with a hammer? Incorrect o
Any correct use 1 9
Hit is not emvowgh. Some other detail showld be giver withou! tirt
e BTN
160, Where do people usually go to buy medicine ¥ Shop (if unﬂbl&tnspﬂc o "i'fjr-'r. S e
.5 ,p'-'w.rman_'.-' 1 9
In questions 161—162 a general fabsiract) definitian scores 2 and a specific or imited defintion scores 7.
Eramples are given beside each score
161. What 1s a bridge? Ircorrect o
Cross the bridge 1
Goes across a river etc 2 =]

CAMDEX-R & Cambridge Universiy Press, 1999,




28 The CAMDEX-R Schedule

162, What s an opinion?
A good opinion of someone 1
A person's ideas about
something; what you think 2

Expm“m“ e e

Only one presentation is sllowed so i is esseniial tha! you read the phrase clearly and slowly, enunciating all the 5's,

]nr_‘:ﬂrrgcl e L el ﬂ PR

153 | am going to say something and | would like you Incorrect o
to repeat it after me: ‘Mo ifs, ands or buts'. Comrect 1

Code T only f enfire phrase is correc]

g emory

Recall
154, Can you t2ll me what weare the objects in the Shoe, sandal s
coloured pictures | showed you a |ittle Typewriter i,
while ago? Scales L
Suitcase i
Either descrnplions or names are acceplable, Tick each itamn Barometer

cosrectly recalled and enter number correct under Total
If subject previously gawve an incorrect name in queshion 157
but recalls it af thiz stage, score as cormrect

Table lamp, lamp

Total L

Show: 'Pictures for recognition’ in booklet
Tick sach item comectly recognised and enter nwmber cormect under Total

165, Which of these did | show you bafore? Shoe, sandal
Typewriter
Scales
Suitcase
Barometear
Table lamp, lamp

Total T |

rieval of remote information

Mote:

2 : 166=177 showld be asked  the subject was borm before 71940, Questions 1656s—177Ta
asked ¥ the s

barn after 1040,

Mow | am going to ask you so ions about the past

orrect 1]
1914 {in Europe) 1

166. When did the First World War bagin¥
{(Within 1 year)

Incorr
1939 (in BEurc

167, When did the Secend Wrld War g
(Within 1 year)

r ﬂl'.{l.'is; GGrmanEmlh-& Incorrect
Hitler

168, Who was

CAMDOEX-R & Cambridge University Praae, 1898
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The CAMDEX-A Schedule 29

In-currem
Stalin

Mﬂ.hrés--lt;-&.lead-e} ::l"t-}-'-a H;..I-;Eﬁ"al-';s in the
g World War'¥

170, Incomec
: ainer, Filmn Star,
Life jacket

166a. Who was the US President who was shot in Texas? Incorrect Q
John F. Kennedy 1 8

1672, What is Yoko Ono famous for? e e R 0
Wife of Beatle, John Lennon 1 g

1583."1."'|.|'hc.|- \-:aa the first man 1o setfnntnnthemun? Incoract (8]
Meil Armstrong 1 9

16ga What was Edmund Hﬂarjrfamnuslm'? & Incorrect 0
First to reach summit
| of M1 Everast 1 <]

1708 Wh:D.'-.".I:-E-I-BH-IFI-E-IHIi-J:E-‘IE-Wl:;mEI'I Prime Minister of India? Incorrect o
Indira Ghandhi 1 a

1'?1 a Who was the famous cinema actress who Incorrect 1]
married Prince Rainier of Monaco? Grace Kally 1 a

Close approrimafions to the mame ans roceplable
Retrieval of recent information

r7z. What is the name of 'lha_-?{'g,s. ;&EM{' o -E Incomect o

e Uil Shates ? Correet 1 e

Tl

For ane month after an election, if the name of the Correct 1 9
farmear P is given, ask s helshe st Pime Minister?”

175. What has been in the news in the past weekor ~ Incorrect o
wo ¥ Correck 1 o

If a genaral anawar iz given, e.q. 'war' ask for details
W e Ao QA gures”

CAMDEX-R & Cambridge Univarsity Prees, 1999,
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ao The CAMD EX-R Schedule

I am geoing to name three objects. After | have finished saying all three, | want you to repeat them,
Remember what they are because | am going to ask you to name them again in a few minutes.

178, Mame the following three objects taking ona Apple o
second lo say each: apple, table, panmny. Table il
Tick which are correct on the firs] attermpt and Penny .
erfer number correct under ratal,
Total |
177, N any errors or omissions are made on the first attempd,
repeat all the names wntil subject learns
all three {maximum of five repeats). Record
number of repeafs (record O if &l correct on
first attempl) MNumber of repeats T [
Attention/concentration
178, Mow | would like you 1o count backwards from Two or more arrors L4
20, One error 1
Correct 2 9
179 Now | would like you to take 7 away from 100. @3 —
MNow take 7 away from the number you get. 86 e
MNow keep subtracting 7 until | tell you to stop. 79 i
72 B
65 oA
Tatal Iy 9
Record answers, Score 7 ponl each tme the difference is 7,
evan if 5 previcus answer was incorrect, Mayimum score = 5 points
Memory: Recall
180. What weara the three objects | asked you to repaat Appla AEEE
a little while ago? Table g -
Penny s
Total Lty B

Tick esch item answered corectly and emter number correct under Total

Language: Reading comprahansion

Show 'Reading comprehension’ in bookiet.

I would like yow fo read this and do whal il says

It is ot necessary for the subjec! o read alowa, If subject reads insiruction but fails fo carry cuwt action, say ‘now do whait
i says’

If failure appears to be dus to iliteracy, enquire whether subject learmed fo read, If illiterate code 7

181, Close your eyes. Incorrect L]
Correct 1
lliterate T 2

CAMDEX-R €& Cambridge University Press, 1989,
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The CAMDEX-R Schedule 31

i i you are cider than BO pul your hands behind . Incomedt e |
your haad, Cormrect
lliterate T g

Copying and Drawing

The subject should draw and write an the sheel of paper provided, see p. 56
Make sure the subject has finished before moving on o the next picture, e.g. by saying ‘have you finished that one’?

183. Copy this design {pentagon). : Incorrect o
Each pentagon shouwld have 5 sides and 5 clear cormers Cormrect 1 2
and the ovesrep should form a diamaond
R e e R ARG R e W
Three connected foops are reguired in the comect orienfation. Correct 1 9
1:3.5 yﬂ-us pgn[SD h.nue,a} -7 el Mg e T e el g e
Requires windows, door and chimney in correct position Correct 1 9
and in F-dimensional represemntation
1B6. Draw a large clock face and put all the numbers in.—  Circle (or square) PR
When the subject has done this say, 'Mow set the hands All nurkers in
to 10 past 11 (11.100% correct position il
To sot doowoHay Coirect time =
Tick sach companeni corractly completed amnd erder number
umndar Total
il ng.Spunt.m e e S = R SR T TR T L L i e e
187 Write a complels santence on this sheet of paper. Incorrect o
Indicate bottom of drawing sheet. Ask the subject what halshe Correct 1
has writfen and ranscribe if onto the dravwang sheet. Speliing Miterate 7 o
and grammar are naf impartant, but the senlence must have
a subject (real or impiiec) and & verb. ‘Help! or "Go away’
are accaplable,
Praxis: ldeational
Read the following staternent and then hand a sheet of paper fo the subject. Make & pomt! of handing fo the subyect's
migline, Mo repetition of this gquestion is allowed. Speak clearly and slowly hawving first made sure you have the subject’s
feall mrtention.
188. | am going to give you a piece of paper. Vhen | de, Right hand aals
take the paper in your righ!? hand. Fold the paper in Folds =
half with both hande, and put the paper down On lap e
on your lap.
¥ ap Total Ly 9
Do not repeal instruclions or caach
Score a8 move as camract ondy if it fakes place in the cormect sequance.
Tick each correct move and snter number correc! wnder Total
Hand an envelope to the subject. -
1Bg. Put the paper in the envelope and seal the envelope. Incorrect Q
Correct 1 a

CAMDEX-R © Cambridge University Press, 1589,
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19 Write this name and address on the envelope: Incormect o
Mr. John Brown Poor but acceptable 1
42 West Street, Badford Correct 2
g ive +t wlhele ﬂf?rn ot owee. literate 7 9

Speifing and neatness are not important. Criferion is whethar
letter is fkely to reach eract destination, &g Yon Brwn'
is acceptabie; 24" and ‘Burford” are incomect

Then say: Please try to reamamber this name and address as |
shall be asking you about them later on

Il the subject is urable to write, code 7 and say the addrass
stowly, hwice, and ask himfher to remember it
Praxis: ldeomotor

In guestions 197-193 a correct MIME is needed. If the subject uses fingers to represent scissors or brush, say e.g.
‘Frefend you are holding a toothbvush.” Score 1 iF the swhyect makes a brushing movemant but not as though holding a

focthbrush
191. Show me how you wave goodbye. Incorrect o]
Correct 1 9
192. Show me how you would cut with scissors. Incorrect @
Partially correct 1
Corract 2> ]
193. Show me how you would brush your teeth with ncorreet i
a toothbrush. Partially correct 1
Corract 2 8

Maental calculation is required. Paper and pencil are not allowed.
Show the subject two different commonly used coins or notes of differen! value.

4. How much money does this make? Incorrect o

Record amount and responsa

195. f somebody went shopping and was given 15 fgusyg Incorrect e S
as change from %1, how much did they spend? Carrect 1 =)
Record response

106, What was the name and address you wrote on the John M
envelope a short time ago? Brown Ty
Tick each iterm answered camactly and enter number cormec! 42 L i
under Total West Streat s

; Bedford T

| Total L. 9

CAMDEX-R © Cambrdge University Press, 1998
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Abstract thinking

These guesiions investigaie the capacity o work cut the general relationships between objects. Fully correct answers
score 2, partially cormect answers scove 1.

Examples are given beside each score. If the subject says 'Thay are not alike, say “They are alike in some way. Can you
tall me in which way they are alike?”

| am going to name two things and | would like you to tell me in what way they are alike. For example, a dog
and a monkey are alike because they are both animals.

197 In what way are an apple and a bananz alike? Round, have calories o
Food, grow, have peel 1
Fruit 2 2
Record answer

Far this guasation onll, i score is less than 2 say
They are also alike because they are both frour”

198, In what way are a shirt and a dress alike? Have buttans o
Record answer To weaar, made of cloth,
keap you warnm 1
Clothing or garments 2 9
1. In what way are a table and a chair alike? Wiooden, have 4 legs 1]
Record answer Househaold objects, used
| for meals 1
Furmiture Zx Q9
200, In what wa].rare a plant and an animal alike? Usaful to man, mrr_-,r germs 0
Record answar Grow, need food, natural 1
Living things 2 E: ]

ldeational Fluency

zooa. | am going to give you the name of a common object and | would like you to tell me as many uses
for it as you can. For example, if the object was a SHEET OF PAPER it could be used to write on,
to make a fan or it could be used to make a paper plane. The uses don't have to be serious — they
can be ridiculous or humorous as well = so let your imagination have a free rein, The important

thing is to try and think of as many uses as you possibly can in the time given. Try to make the uses
as different from each other as possible.

Begin when | say the cbject and continue until | tell you to stop.
How many different uses can you think of for a BOTTLE?

Srart timing and continue for S0 seconds, then say STOR

Record all responsas.

A correct response is any possibie use of 8 single botile, pieces MNumber correct [ et T o
of 8 bottie or nwneraws battles, e.g. for sfrong liguwid, &85 8 weaapon,

as an instrurment, smashed into pieces and used for art work, for Mote:

jugghing. Comrect responses must specify a use; 'fe smash] Recode: >8 =8 oo 9
‘o stand on' are ncornect. Enter 0—8 as above

A response is considered a perseveration if it is repeated werbaiim Mumber ul_ Ty k=)
ar if the same idea is repeated with different sxampoles, e.g. o persevaralions

astove waler, beer, cordial, orange juice, wine.

R e e PRt e RS S
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60




4 The CAMDEX-R Schedule

Visual fmunlrig

aoob. Show Visual reasoning test’in booklef

Show frst fdem
Here are four boxes. Three of them have an cbject inside and this one is empty. Which of these
objects below should go in the emply box? Encouwrage subjec! to point fo the carrect response

It subject makes an arror on any of the first two dlems, point to the correcr response and explain wiiy it is comectr,

Itern 1:
The top row has a big yellow circle with a big blue circle beside it, so the bottom row neseds a big
blue circle.

hem 2:
The top row is blue; it has a little square beside the big circle. The bottom row is yellow, so it needs
a little yellow square beside the yellow circle.

Do nof make any further corrections.

i aubfect made an error, recard which item (A fe F) was chosen.

mngmeE

Total .1 9

Perception: Visual

Famous peoplé
Show 'Recognition of famous people” in booklef

zo1. Who is this? Clueen

Scora as corect if picture is recognised Popea, Archbishop, Bishop
Correct name is nof requwired, but record any answer
wihich does nol corregpond exactly fo the examples giverr Total L1 a9

ﬂb*g,:t cnm“.m PO R, e e =l i i s S S LR L T R T i
Show "Recognition of objects” in booklet

202 These are pictures of objects taken from unusual Spectacles
angles, Shoe
Can you tell ma what thay are? Purse, suitcase
Cup and saucer
Criterion is whether the object is recognised, nof that i is named . Telephone

corractly, themfore descriptions of funciion are acceptabla. B
Tick each item answered cosrectly and anter number corract =t gl
under Total Tatal iy g

=

CAMDEX-R & Cambridge Liniversity Press, 1999,
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person/function

Indicabe arny o peogh
If nane availfable, score 8

203, Can you tell % Is, or whal helshe does?

N B

Correct

Passage of time

204, Without looking at your watch, can you tell me Incorrect
whal the time is now (to the nearest hour)? Correct 1 9

ﬁu.s}.- Without looking at y;_:-ur w:a‘h:h,--:;a;; ].-'au I-;zli-r'ne- i
how lon u think we have been =t : " Time in minutes | 999
g yo = i-u\.ﬂwLn,qus I u e
£k : I e e R e A N 1
a0f, Record finishing time of interview with subject.
Actual duration of interview (minutes) Time in minutes
Check against starting time recarded al baginning of Seclion A

1
CAMDEX-R & Cambridge University Press, 18998,

62



Appendix C

The YALE PHYSICAL ACTIVITY SURVEY

FOR OLDER ADULTS

INTERVIEWER: PLEASE MARK TIME:
INTERVIEWER: (Please hand the subject the list of activities while reading this

_ HRMN SEC

statement.) Hereisalist of common types of physical activities. Please tell me which
of them you did during atypical week in the last month. Our interest is learning about
the types of physical activities that are a part of your regular work and leisure

routines.

For each activity you do, please tell me how much time (hours) you spent doing this

activity during atypical week. (Hand subject card #1.)

Work

Shopping (e.g., grocery, clothes)
Stair climbing while carrying aload
Laundry (time loading, unloading, hanging, folding only)
Light housework: tidying, dusting, sweeping, collecting
trash in home, polishing, indoor gardening, ironing
Heavy housework: vacuuming, mopping, scrubbing floors
and walls, moving furniture, boxes, or garbage cans
Food preparation (10+ minutes in duration): chopping,
stirring, moving about to get food items, pans
Food service (10+ minutes in duration): setting table,
carrying food, serving food
Dish washing (10+ minutes in duration): clearing table,
washing/drying dishes, putting dishes away
Light home repair: small appliance repair,
light home maintenance/repair
Heavy home repair: painting, carpentry,
washing/polishing car

Other:

* Taylor, et a. 1978 or McArdleet al. 1981
# Determined by the specific activity
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Intensity
Time
Code -
(hrs/wk)
(Kca!min)

3.5
8.5
3.0
3.0
4.5
2.5
2.5
2.5
3.0
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Intensity

Time Code -
Y ardwork (hrs/wk)
(Kca/min)
Gardening: planting, weeding, digging, hoeing 4.5
Lawn mowing (walking only) 4.5
Clearing walksldriveway: sweeping, shoveling, raking 5.0
Other:
#
Caretaking
Older or disabled person (lifting, pushing wheelchair) 55
Childcare (lifting, carrying, pushing stroller) 4.0
Exercise
Brisk walking (10+ minutesin duration) 6.0
Pool exercises, stretching, yoga 3.0
Vigorous calisthenics, aerobics 6.0
Cycling, Exercycle 6.0
Swimming (laps only) 6.0
Other:
#
Recreational Activities
Leisurely walking (10+ minutes in duration) 35
Needlework: knitting, sewing, needlepoint, etc. 15
Dancing (mod!fast): line, ballroom, tap, square, etc. 55
Bowling, bocci 3.0
Golf (walking to each hole only) 5.0
Racquet sports: tennis, racquet ball 7.0
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Billiards 25

Other:

_#

INTERVIEWER: (Please read to subject.) | would now like to ask you about
certain types of activities that you have done during the past month. | will ask you
about how much vigorous activity, leisurely walking, sifting, standing, and some
other things that you usually do.

1. About how many times during the month did you participate in vigorous
activities that lasted at least 10 minutes and cause large increases in
breathing, heart rate, or leg fatigue or caused you to perspire? (Hand
subject card #2)

Score: -Not at all (goto Q3)

-1-3 times per month

-1-2 times per week

-3-4 times per week

-5+ times per week

-refused

-don’t know Freguency score =

oONPhWNPEFO

2. About how long do you do this vigorous activity(ies) each time? (Hand
subject card #3)
Score: 0-Not applicable
1-10-30 minutes
2 -3 1-60 minutes
3-60+ minutes
7 -refused
8 -don’t know Duration score =

weight =5
VIGOROUSACTIVITY INDEX SCORE:
FREQ SCORE x DUR SCORE X WEIGHT =
(Responses of 7 or 8 are scored as missing.)

3. Think about the walks you have taken during the past month. About how
many times per month did you walk for at least 10 minutes or more
without stopping which was not strenuous enough to cause large increases
in breathing, heart rate, or leg fatigue or cause you to perspire? (Hand
subject card #2)

Score: 0-Not at all (goto Q5)
1 -1-3 times per month
2 -1-2 times per week
3-3-4 times per week
4 -5+ times per week
7 -refused
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8 -don’t know Frequency score

When you did this walking, for how many minutes did you do it? (Hand
subject card #3)

Score:

0 = Not applicable
1 =10-30 minutes
2 = 3 1-60 minutes
3 = 60+ minutes

7 = refused

8 = don’t know Duration score =

weight =4

LEISURELY WALKING INDEX SCORE:

FREQ SCORE___ x DUR SCORE

WEIGHT =

X

(Responses of 7 or 8 are scored as missing.)

5.

About how many hours a day do you spend moving around on your feet
while doing things? Please report only the time that you are actually
moving. (Hand subject card #4)

Score:

O-Not at all

1-lessthan 1 hr per day
2-1tolessthan 3 hrs per day
3-3tolessthan 5 hrsper day
4.5 tolessthan 7 hrs per day
5.7+ hrs per day

7 -refused

8 -don’t know Moving score =

weight = 3

MOVING INDEX SCORE:

FREQ SCORE _ x DUR SCORE X
WEIGHT
(Responses of 7 or 8 are scored as missing.)

6.

Think about how much time you spend standing or moving around on
your feet on an average day during the past month. About how many
hours per day do you stand? (Hand subject card #4)

Score:

0-Not at all

1 -lessthan 1 hr per day

2 -ito lessthan 3 hrs per day
3-3tolessthan 5 hrs per day
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4.5 tolessthan 7 hrs per day

5.7+ hrs per day

7 -refused

8 -don’t know Standing score =

weight =2
STANDING INDEX SCORE:
FREQ SCORE x DUR SCORE X WEIGHT =
(Responses of 7 or 8 are scored as missing.)
7. About how many hours did you spend sitting on an average day during
the past month? (Hand subject card #5)

Score: 0= Not at dl

1 = lessthan 3 hours

2 =3 hrstolessthan 6 hrs

3=6hrstolessthan Shrs

4 =28+ hrs

7 =refused

8 = don’t know Sitting score =
Weight =1

SITTING INDEX SCORE:

FREQ SCORE x DUR SCORE X WEIGHT =
(Responses of 7 or 8 are scored as missing.)

8. About how many flights of stairs do you climb up each day? (Let 10 steps
-flight.)

9. Please compare the amount of physical activity that you do during other
seasons of the year with the amount you just reported for a typical week
in the past month. For example, in the summer, do you do more or less
activity than what you reported doing in the past month?
(INTERVIEWER: PLEASE CIRCLE THE APPROPRIATE SCORE
FOR EACH SEASON.)

Lot Little Little Lot
More More Same Less Less Don’'t know
Spring 1.30 1.15 1.0 0.85 0.70
Summer 1.30 1.15 1.0 0.85 0.70
Fall 1.30 1.15 1.0 0.85 0.70
Winter 1.30 1.15 1.0 0.85 0.70

SEASONAL ADJUSTMENT SCORE - SUM OVER ALL SEASONS! 4

INTERVIEWER: PLEASE MARK TIME:

HR MIN SEC
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Appendix D

Carrelations

Pres addl | Dose addl | _AGE EDU | ERCPER | ERCRT | ERIPER | ERIRT | STEMPER [ STEMRT | STENPER | STENRT [STMMPER [ STMMRT | STMNPER [ STMNRT | STHVPER | STHMRT [ STHNPER | STHNRT | Vkcal | Yex addiBl vindex
Pres_addl _ Pearson Conelation T CE Ty 037 128 075 042 025 073 168 ~080 167 088 203 125 151 ~086 191 032 336 081 050 035
Sig. (2-tailed) 000 250 780 332 570 754 826 601 223 518 227 525 140 369 275 537 166 820 013 540 704 792
N 60 60 60 60 50 50 59 50 54 54 54 54 54 54 54 54 54 54 54 54 60 60 60
Dose_addl _Pearson Correlation 53] 1 071 115 147 108 096 050 040 207 o84 217 083 188 110 131 080 172 032 283 0a7 ~007 083
Sig. (2+tailed) 000 591 382 266 a1a 469 708 773 133 546 15 549 286 430 344 564 213 818 038 722 959 a79
N 60 60 60 60 0 50 59 50 54 54 54 54 54 54 54 54 54 54 54 54 60 60 60
AGE Pearson Corelation 151 o7 1 o070 004 307 240 325 027 036 o028 058 027 “038 115 060 025 034 100 123 023 058 080
Sig. (2-tailed) 250 501 591 974 o016 062 o1 813 794 839 672 813 781 400 660 855 803 462 366 859 655 538
N 60 60 62 62 61 61 61 61 56 56 56 56 56 56 56 56 56 56 56 56 62 62 62
EDU Pearson Correlation 037 115 070 T o072 053 001 056 039 o7 ~082 077 o087 043 021 276" 001 009 035 001 085 178 009
Sig. (2-tailed) 780 382 501 581 683 991 670 774 586 547 575 526 751 876 039 504 946 797 502 509 168 047
N 60 60 62 62 61 61 61 61 56 56 56 56 56 56 56 56 56 56 56 56 62 62 62
ERCPER _Pearson Conrelation 128 147 004 o072 1 025 050 008 110 076 064 008 063 ~146 132 117 061 033 099 183 o1 043 027
Sig. (2-tailed) 332 266 o74 581 846 705 049 424 582 642 471 647 289 336 3% 660 809 472 181 935 741 834
N 50 50 61 61 61 61 61 61 55 55 55 55 5 55 55 55 55 55 55 55 61 61 61
ERCRT Pearson Correlation 075 108 3077 058 025 1 351 817+ 115 603 200 315+ 1% 476" 027 184 203 307 008 276" 013 o017 033
Sig. (2-ailed) 570 414 016 683 846 006 000 404 000 144 019 147 000 847 179 138 023 952 o041 923 894 802
N 50 50 61 61 61 61 61 61 55 55 55 55 55 55 55 55 55 55 55 55 61 61 61
ERIPER  Pearson Correlation 042 096, 240 001 050 351 1 so{ -ont 152 231 128 231 234 116 078 23 086 008 185 262" 251 135
Sig. (2+tailed) 754 469 062 991 705 006 002 608 268 089 350 090 086 398 566 087 531 951 177 o041 051 301
N 50 0 61 61 61 61 61 61 55 55 55 55 55 55 55 55 55 55 55 55 61 61 61
ERIRT Pearson Comelation 028 050 325 056 008 817 3917 1 055 4337 187 229 187 3867 044 115 189 71 -103 253 036 013 030
Sig. (2-ailed) 826 708 o1 670 949 000 002 88 001 172 093 an 004 749 402 167 212 454 063 786 922 820
N 59 59 61 61 61 61 61 61 55 55 55 55 55 55 55 55 55 55 55 55 61 61 61
STEMPER _Pearson Correlation 073 040 027 039 110 115 —or1 095 1 043 060 o018 060 013 ~062 039 058 031 022 015 103 106 140
Sig. (2-ailed) 601 773 843 774 424 404 608 488 750 661 895 661 927 651 775 673 822 874 o4 452 437 305
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STEMRT _ Pearson Conrelation 168 207 036 o7 076 603" 152 433" 043 1 071 623" 069 724 o021 428" 074 647" 022 a00 194 049 052
Sig. (2-ailed) 223 133 794 586 582 000 268 001 750 604 000 612 000 878 001 586 000 873 000 153 718 702
N 54 54 56 56 55 55 55 55 56 56 56 56 6 56 56 56 56 56 56 56 6 56 56
STENPER _ Pearson Conrelation 000 o84 028 o082 064 200 231 187 060 071 1 o046 1000 064 084 103 1000 -o17 129 052 o1 ~005 006
Sig. (2-ailed) 518 546 839 547 642 144 089 172 661 604 737 000 638 539 450 000 902 342 702 766 o7 967
N 54 54 6 56 55 55 55 55 56 56 56 56 6 56 56 56 6 56 56 56 56 56 56
STENRT _ Pearson Correlation 167 217 058 o7 08 315+ 128 229 018 623 046 1 o5, 5117 ~060 o5 -oa 594 “o4 735 os2 068 016
Sig. (2+tailed) 227 15 672 575 a7t o019 350 003 895 000 737 744 000 662 000 737 000 a7 000 549 620 908
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STMMPER _ Pearson Correlation 088 083 027 087 063 1% 231 187 060 069 10007 045 1 ~063 082 ~100 1000 015 127 049 040 005 005
Sig. (2-ailed) 525 549 813 526 a7 147 090 1 661 612 000 744 644 549 a4 000 914 351 719 0 972 970
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STMMRT __ Pearson Correlation 203 148 038 043 126 76 234 386+ 013 724 064 511" 063 T 156 28" 067 672" 157 5184 076 250 315"
Sig. (2-tailed) 140 286 781 751 289 000 086 004 927 000 638 000 644 251 001 624 000 247 000 577 064 018
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STMNPER _ Pearson Conrelation 125 110 115 021 132 027 116 04z 062 021 084 060 082 156 1 ~089. 001 062, 769 224 161 339 267"
Sig. (2-tailed) 369 430 400 876 336 847 308 749 651 878 539 662 549 251 516 506 651 000 097 236 o1 047
N 54 54 6 56 55 5 55 55 6 56 56 56 6 56 56 56 56 56 56 56 56 56 56
STMNRT  Pearson Conrelation 151 131 060 276" 117 184 079 115 038 424 103 65+ 100 428" “o89 1 101 4707 221 764 -108 162 ~001,
Sig. (2-ailed) 275 344 660 039 3% 179 566 402 775 001 450 000 a4 001 516 460 000 092 000 428 233 993
N 54 54 6 56 55 55 55 55 6 56 56 56 6 56 56 56 6 56 56 56 56 56 56
STHMPER _ Pearson Correlation 086 ~080 025 ~oo1 061 208 23 189 058 074 1000 046 1000 067 o081 ~101 1 ~020 134 052 037 004 007
Sig. (2+tailed) 537 564 855 504 660 138 087 167 673 586 000 737 000 624 506 460 883 325 706 788 o8 959
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 6 56
STHMRT __Pearson Correlation 191 72 034 ~009 033 307 086 71 031 a7 o017 Sea o015 6727 062 a0 020 T 043 526+ 194 035 ~080
Sig. (2-ailed) 166 213 803 946 809 023 531 212 822 000 902 000 914 000 651 000 883 751 000 152 799 556
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STHNPER _ Pearson Correlation 032 032 100 035 099 008, 008 103 022 022 129 o1 127 157 760 227 134 043 T 285" 149 336 273
Sig. (2-ailed) 820 818 a2 797 472 952 951 454 874 873 342 o7 351 247 000 002 325 751 033 213 o1 042
N 54 54 56 56 55 55 55 55 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56
STANRT  Pearson Conrelation 336" 283|128 o001 183 276" 185 253 015 490" 052 735+ 049 5187 224 764" 052 546 285" 1 ~016 057 ~070
Sig. (2-tailed) 013 038 366 502 181 o041 a7 063 14 000 702 000 719 000 097 000 706 000 033 909 677 606
N 54 54 6 56 55 55 55 55 6 56 56 56 6 56 56 56 6 56 56 56 6 56 56
Vical Pearson Correlation 081 047 023 085 o1 013 2627 036 103 104 o1 o082 040 076 161 ~108 037 104 149 016 1 536 A
Sig. (2-ailed) 540 722 850 509 935 923 041 786 452 153 766 549 770 s77 23 428 788 152 273 909 000 012
N 60 60 62 62 61 61 61 61 6 56 56 56 6 56 56 56 56 56 56 56 62 62 62
Yex_addl  Pearson Correlation 050 007 o058 178 043 017 251 013 106 049 005 068 005, 250 3| 182 004, 035 336 057 536+ 1 563
Sig. (2+tailed) 704 950 655 168 741 894 051 022 431 718 71 620 072 064 o1 233 978 799 o1 677 000 000
N 60 60 62 62 61 61 61 61 56 56 56 56 56 56 56 56 56 56 56 56 62 62 62
Vindex Pearson Corelation o3 083 080 009 027 033 135 030 140 052 006 016 005 315 267 001 007 ~080 273 | om0 A 563 1
Sig. (2-ailed) 792 a79 538 947 834 802 301 820 305 702 967 908 970 018 047 993 959 556 042 606 012 000
N 60 60 62 62 61 61 61 61 56 56 56 56 56 56 56 56 56 56 56 56 62 62 62

. Correlation i significant at the 0,01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Appendix E

Age Education Genotype
R?Change | F Change | R Change | F Change | R* Change | F Change
Eriksen Congruent % 0 0 0.007 0.421 0.018 1.025
Eriksen Congruent RT 0.095 5.993 0.001 0.061 0.016 0.967
Eriksen incongruent % 0.061 3.7 0 0.01 0 0.002
Eriksen incongruent RT 0.106 6.778 0.006 0.404 0.006 0.344
Stern 4 Match % 0.001 0.039 0.002 0.089 0.005 0.255
Stern 4 Match RT 0.001 0.07 0.005 0.244 0.034 1.746
Stern 4 Nomatch % 0.001 0.04 0.007 0.374 0.009 0.438
Stern 4 Nomatch RT 0.003 0.179 0.005 0.278 0.035 1.82
Stern 6 Match % 0.001 0.038 0.008 0.413 0.008 0.413
Stern 6 Match RT 0.001 0.077 0.002 0.114 0.041 2.148
Stern 6 Nomatch % 0.013 0.7 0.001 0.054 0.022 1.15
Stern 6 Nomatch RT 0.004 0.193 0.082 4.591 0.025 1.401
Stern 8 Match % 0.001 0.032 0.009 0.456 0.008 0.391
Stern 8 Match RT 0.001 0.062 0 0.005 0.036 1.858
Stern 8 Nomatch % 0.01 0.529 0.002 0.092 0.003 0.128
Stern 8 Nomatch RT 0.016 0.839 0.011 0.575 0.105 6.027
Physical Activity PA X GENOTYPE Total Change
R%Change | F Change | R’ Change | F Change | R Change | F Change
0 0.02 0.089 5.313 0.114 6.779
0 0.024 0 0.002 0.112 7.047
0.064 3.939 0.021 1.314 0.146 8.965
0.003 0.165 0.002 0.092 0.123 7.783
0.01 0.496 0.005 0.23 0.023 1.109
0.055 2.973 0.036 2.006 0.131 7.039
0.002 0.097 0 0.018 0.019 0.967
0.014 0.714 0.019 0.985 0.076 3.976
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0.002 0.096 0 0.016 0.019 0.976
0.015 0.797 0.122 7.182 0.181 10.318
0.03 1.569 0.019 1.018 0.085 4.491
0.028 1.566 0 0.001 0.139 7.752
0.002 0.084 0 0.016 0.02 0.979
0.059 3.18 0.072 4.144 0.168 9.249
0.023 1.168 0.048 2.544 0.086 4.461
0.006 0.331 0.001 0.04 0.139 7.812
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