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ABSTRACT 
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Alzheimer’s disease (AD), an age-related neurodegenerative disorder, progresses 

across a continuum of severity that leads to serious neurological dysfunction and 

eventually death.  Initially manifesting as mild impairment in cognition and executive 

function, AD eventually leads to serious disturbances in memory, decision-making, 

language, mobility and sensing the environment.  AD affects approximately 27 million 

people worldwide, over 5 million in the United States alone, and is one of the most 

debilitating diseases that costs society billions of dollars annually and is a primary cause 

of death in the elderly.  Pharmacological treatments produce only moderate symptomatic 

benefits and do not attenuate or prevent the progression of AD with some medications 

associated with increased symptomatic behavior such as decreased motor function and 

increased likelihood of falls.  Conversely, research utilizing animal models indicates 

exercise may play an important role to attenuate AD symptoms and delaying AD onset as 
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regular aerobic activity increases the expression of brain-derived neurotrophic factor, a 

peptide that plays a major role in neural function, neural plasticity, and attenuation of 

neuritic plaque; a ß-amyloid derived plaque that is recognized as the primary cause of 

neural degradation associated with AD.  To examine this exercise hypothesis, participants 

(N = 19; mean age 85.5 ±5.2 years) completed a single treatment, regular walking 

activity over time (30-min per day, 3 days per week for 12 weeks), with pre-test post-test 

evaluations undertaken utilizing valid research instruments designed to measure 

cognition, executive function, and motor capabilities in persons with AD.  T-test with 

repeated measures ANOVA with various categorical variables as between-group factors 

were used to test the hypothesis.  Analysis of change indicated significant change 

occurred in Cognitive function [t(18) = 5.74, p < .001], Balance [t(18) = 7.43, p < .001], 

and Mobility [t(18) = 3.82, p < .001], with no significant change in Activities of Daily 

Living (t[18] = 1.48, p < .156).  A significant decrease in the number of falls was also 

found (z = 2.392, p < .017).  No main effect was associated with AD stage, gender, or 

education level.  The results of this study indicate regular aerobic activity enhances 

neural function in persons with AD, thus supporting the exercise hypothesis which posits 

regular aerobic exercise attenuates AD symptoms and delays AD onset.  While the results 

provide important evidence regarding the impact of aerobic exercise on neural function in 

the AD populations, further research is necessary to identify the mechanisms by which 

brain-derived neurotrophic factor is induced with exercise and to examine the 

effectiveness of different exercise modalities (e.g., specificity, duration, and intensity) on 

neural function in the AD population. 
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PART 1 

AN ASSOCIATION BETWEEN A STRUCTURED WALKING PROGRAM AND 
 

COGNITIVE FUNCTION, BALANCE, MOBILITY, AND ACTIVITIES 
 

OF DAILY LIVING IN PERSONS WITH ALZHEIMER’S DISEASE 
 

Alzheimer’s Disease 
 

 Alzheimer’s disease (AD) is the most common form of dementia that affects 27+ 

million people worldwide including 5.2 million women and men in the United States.  

While it is rare that people under 60 years of age are affected by AD, the risk of 

developing this debilitating disease increases with age: for every 5-year increase in age 

over the age of 65 years, the percentage of people with AD doubles (Alzheimer’s 

Association, 2008; Cummings, 2004; Hebert, Scherr, Bienias, Bennett, & Evans, 2001).  

Due to the aging of baby boomers and increase in life expectancy, current projections 

indicate the AD population in the United States will increase to approximately 7.7 million 

by 2030 and between 11 and 16 million by the year 2050 (Plassman et al., 2007).  As the 

AD population increases so too will the cost in health care.  Medicare costs to 

Alzheimer’s beneficiaries alone are expected to increase from $91 billion in 2005 to $160 

billion in 2010 and $1,049 billion by the year 2050.  These forecasts, coupled with the 

finding that current medical interventions do not prevent or attenuate the disease, indicate 

AD is rapidly becoming a major health concern in the United States (Alzheimer’s 

Association, 2008; Lewin, 2004). 
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 First described in 1907 by Alois Alzheimer, AD is an age-related 

neurodegenerative disorder that progresses across a continuum of severity (Felician & 

Sandson, 1999; Perry & Hodges, 1999).  AD initially manifests as mild impairment in 

cognition and executive function and eventually leads to serious disturbances in memory, 

decision-making, language, mobility, and sensing the environment (Bennett et al., 2002; 

Studenski et al., 2006).  The stages of AD are defined as mild (memory lapses and 

functional disturbances; misplacing objects, remembering names, word finding, 

concentration, and motor function), moderate (deficits in memory and functional 

capacity; knowledge of recent events, response to environment, personal history, 

complex tasks, and mobility/motor function) and severe (loss of memory and functional 

capacity; recall/history, mobility/motor function, daily living activities, and response to 

environment).  Whether the onset of AD is familial (genetic) or sporadic (non-genetic), 

the outcome is a loss of cognitive, intellectual, functional and social capabilities that 

eventually requires the individual to be fully dependent on her/his caregiver.  (Bennett et 

al., 2002; Chiappelli, Navarro, Moradi, Manfrini & Prolo, 2006; Cummings, 2004; 

Kawas, 2003)  

 The exact cause of AD is unknown because of multifactorial biological influences 

that include aging and genetics.  Along with aging and genetics, additional AD risk 

factors are sedentary lifestyle, level of education, gender, head trauma, positive AD 

family history, trisomy 21 (Down’s Syndrome), and heavy metals and toxins (Felician & 

Sandson, 1999; Forsyth & Ritzline, 1998; Rydwik, Frandin, & Akner, 2004).  Regardless 

of cause, the etiology of both familial and sporadic AD indicates the characteristic 
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neuropathologies are neuritic plaque, neurofibrillary tangles, synaptic loss and neuronal 

death; with neuritic plaques and neurofibrillary tangles considered the major pathological 

factors that lead to synaptic loss and cell death (Cummings, 2004; Forsyth & Ritzline, 

1998).   

 While most AD cases are classified as sporadic, with only 5 to 10% being familial 

AD, research results indicate ß-amyloid buildup is the pathological factor that leads to 

neuritic plaques and neurofibrillary tangles common in both sporadic and familial AD 

(Forsyth & Ritzline, 1998; Yankner, 1996).  Familial cases of AD are primarily 

associated with mutations to chromosomes 1, 14, 21 (early-onset: AD patients below 65 

years of age) and 19 (late-onset: AD patients 65 years of age or older); however, it is not 

known whether these mutations cause AD or increase susceptibility to the disease.  What 

is known is that these chromosomes mediate ß-amyloid expression via their respective 

amyloid protein precursors (chromosomes 1–presenilin 2; chromosomes 14–presenilin 1; 

chromosome 19-apolipoprotein E; chromosome 21 – amyloid protein precursor) and that 

mutations to any one of these chromosomes increases ß-amyloid levels significantly 

(Cummings, 2004; Forsyth & Ritzline, 1998; Selkoe, 1996; Yankner, 1996).  As in 

familial AD, ß-amyloid is also significantly increased in cases of sporadic AD.  However, 

the increase in ß-amyloid and consequently the formation of neuritic plaque and 

neurofibrillary tangles is primarily due to aging and risk factors that affect metabolic 

processes associated with neuronal function (e.g., neurotransmitter modulation, protein 

synthesis, and energy metabolism) (Felician & Sandson, 1999; Forsyth & Ritzline, 1998; 

Mattson, Chan & Duan, 2002).  The accumulation of ß-amyloid in both familial and 
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sporadic AD support the “amyloid cascade hypothesis” that posits, “[ß-amyloid] 

deposition is the initial critical event in the etiology and pathogenesis of AD” (Forsyth & 

Ritzline, 1998, p1326). 

 Studies of ß-amyloid present detailed insight into the amyloid cascade hypothesis, 

which posits excessive levels of ß-amyloid is the precursor to neuritic plaques and 

neurofibrillary tangles (tau protein accumulation): both major physiological 

manifestations apparent in all AD cases (Felician & Sandson, 1999; Yankner, 1996).  

Although there is evidence to support neurofibrillary tangles cause degradation in neural 

function, the fibrillar form of ß-amyloid (neuritic plaque) is shown to initiate aberrant 

hyperphosphorylation of tau protein causing an increase in somatodendritic accumulation 

of tau which leads to the formation of neurofibrillary tangles (Busciglio, Lorenzo, Yeh, & 

Yankner, 1995; Felician & Sandson, 1999).  The amyloid plaque hypothesis is further 

supported by research results that show excessive levels of ß-amyloid lead to 

physiological effects such as oxidative stress, cholinergic deficiency, synaptic 

degradation, and metabolic and immune impairment (Felician & Sandson, 1999; Forsyth 

& Ritzline, 1998; Klafki, Staufenbiel, Kornhuber, & Wiltfang, 2006; Lee et al., 2002). 

 Although research results indicate ß-amyloid is a key factor in AD, the 

multifactoral bio-mechanisms associated with neural degradation illustrate the 

complexity of AD and help explain our current inability to effectively medically attenuate 

the disease.  An example of this complexity is highlighted by the aberrant 

hyperphosphorylation of tau protein that leads to neurofibrillary tangles.  Although 

believed to be initiated by ß-amyloid imbalances, the 30 plus sites on the tau protein at 



 5 
 

 

which phosphorylation occurs and the associated mediators (e.g., glycogen synthase 

kinase, extracellular signal-regulating kinase, microtubule-affinity-regulating kinase, 

protein kinase A, members of the stress-activated protein kinase family and 

Calcium/calmodulin-dependent kinase) make it difficult to determine which 

mechanism(s)/site(s) initiate the hyperphosphorylation that causes neurofibrillary tangles 

(Busciglio et al., 1995; Felician & Sandson, 1999; Klafki et al., 2006; Mattson et al., 

2002).  The possible permutations of cause are further increased when the metabolic 

processes that influence the numerous kinases associated with tau phosphorylation are 

included, thus making it difficult to develop and target pharmacological treatments that 

will attenuate or eliminate neurofibrillary tangles.  An additional confounding factor to 

researching/developing pharmacological treatments for AD is that non-invasive 

assessment (e.g., PET, MRI) of AD pathophysiology is very limited and yet to be proven 

valid.  Consequently, clinical diagnosis of pharmacological effects on the disease in 

humans is difficult (Chiappelli et al., 2006; Price et al., 2005).  Therefore, diagnosis of 

AD is primarily undertaken by using a number of measurement instruments collectively 

that evaluate cognition and executive function.  Such instruments as the Mini Mental 

State Evaluation (MMSE), Berg Balance Scale (BBS), Timed Up and Go (TUG), and 

Activities of Daily Living (ADL) are recognized as valid research instruments for 

measuring behaviors as exhibited by persons with AD and collectively enable reliable, 

non-invasive, diagnosis of AD.  (Chiappelli et al., 2006; Pettersson, Olsson, & Wahlund, 

2005; Newstead, Hinman & Tomberlin, 2005; Roland, Pillard, Klapouszczak, et al., 

2007; Steffen, Hacker, & Mollinger, 2002) 
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 Current therapeutic approaches to AD primarily focus on pharmacological 

treatments targeting the pathogenic mechanism presumed to cause AD, including the tau 

complex.  These prime targets are the mechanisms of neurotransmitter modulation 

(inhibitory and excitatory deficits), oxidative stress (calcium accumulation), 

neuroinflammation (microglia, astrocytes, and cytokine response) and protein metabolism 

and aggregation (ß-amyloid and tau) (Felician & Sandson, 1999; Klafki et al., 2006; 

Mattson, 2002).  Unfortunately, current medications produce only moderate symptomatic 

benefits and do not attenuate or prevent the progression of AD.  In fact, some 

medications are associated with increased symptomatic behavior such as decreased motor 

function and increased likelihood of falls.  (Cummings, 2004; Felician & Sandson, 1999; 

Klafki et al., 2006; Tinetti, 2003). 

 While primary AD research focuses on pharmacological mediated targets, recent 

studies posit non-pharmacological intervention such as physical activity / exercise may 

delay AD onset and possibly attenuate the disease.  Research results indicate exercise 

enhances physical and mental function through biochemical pathways affecting oxidative 

stress, neurotransmitter modulation, protein synthesis, and energy metabolism, which 

may reduce some of the risk factors associated with AD (Cotman & Berchtold, 2002; 

Larson et al., 2006; Mattson, 2002; Rydwik et al., 2004).  Evidence of this exercise 

hypothesis is supported by research that showed rats who exercised daily on a treadmill 

for 18 days had a statistically significant increase in learning and motor coordination 

(Carro et al., 2001), and AD transgenic mice who exercised daily for a period of 5 

months demonstrated AD symptom attenuation (Adlard, Perreau, Pop, & Cotman, 2005). 
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 The exercise hypothesis is further evident in research where researchers using 

animal models identified a primary mechanism by which exercise enhances neural 

function and plasticity and possibly prevents/attenuates AD.  Research data indicate that 

the neural peptide, Brain-derived neurotrophic factor (BDNF), is exercise-induced and 

that this peptide plays a leading role in neural function, plasticity, and cell survival 

(Cotman & Berchtold, 2002; Mattson et al., 2002; Molteni, Ying, & Gomez-Pinilla, 

2002; Neeper, Gomez-Pinilla, Choi, & Cotman, 1996; Studenski et al., 2006; Vaynman, 

Ying, & Gomez-Pinilla, 2003).  Along with showing significant increases in BDNF 

levels that are apparent for up to 6 hrs after exercising, key factors supporting this 

relationship are the relationships between Exercise and BDNF and BDNF and ß-amyloid. 

Exercise and BDNF Relationship 

Research using rats who voluntarily exercised on an exercise wheel showed a 

positive correlation between increased BDNF expression and exercise.  In controlled 

studies, BDNF was the only trophic factor that was consistently upregulated in exercised 

animals, with statistically significant increases in BDNF levels evident after 3 to7 nights 

of voluntary wheel running (Cotman & Berchtold, 2002; Molteni et al., 2002).  

Furthermore, research results show BDNF is self-regulated in a self-perpetuating loop 

[BDNF > Glutamate > N-methyl-D-aspartate receptor (NMDA-R) > BDNF mRNA > 

BDNF], possibly explaining the elevated levels of BDNF present 6 hr after exercising 

(Cotman & Engesser-Cesar, 2002; Mattson et al., 2002; Vaynman et al., 2003).  While 

other metabolic pathways are associated with BDNF regulation, researchers have 

identified Insulin-Like Growth Factor (IGF) as a likely mediator of exercised-induced 
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BDNF, showing exercise increases both circulating IGF-I and neuronal uptake of IGF-I 

as well as BDNF levels (Carro et al., 2001; Schwarz, Brasel, Hintz, Mohan, & Cooper, 

1996; Trejo, Carro, & Torres-Aleman, 2001).  These studies also indicate sedentary 

animals have reduced brain uptake of IGF-I and significantly lower levels of BDNF 

compared to exercised animals.  Additionally, levels of molecules that have a recognized 

association with BDNF (synapsin I, synaptotagmin and syntaxin [synaptic trafficking]; 

CaM-KII, MAP-K/ERK I & II, and PKC [signaling transduction pathways]), CREB 

(cAMP response-element-binding protein transcription regulator), NMDAAR-2A and 

NMDAR-2B (glutamatergic system) are also increased during exercise, thus providing 

further evidence of the exercise/BDNF association and highlighting the effects of 

exercise on neural function, plasticity, and cell survival (Molteni et al., 2002; Neeper, 

1996; Vaynman et al., 2003). 

BDNF and ß-Amyloid Synthesis 

BDNF functions as an autocrine-paracrine factor in the central nervous system 

and is known to mediate numerous metabolic processes associated with AD risk factors 

including oxidative stress (intracellular Ca++), neurotransmitter modulation (cholinergic, 

glutamate/NMDA, and Ca++), protein synthesis (ß-amyloid, trkB, and NMDA receptors) 

and energy metabolism (Glucose uptake via GLUT 1 & 3 and mitochondria activity) (Li, 

Jarvis, Alvarez-Borda, Lim & Nottebohm, 2000; Studenski et al., 2006; Tyler, Alonso, 

Bramham, & Pozzo-Miller, 2002).  As a regulatory factor, BDNF plays a major role in ß-

Amyloid synthesis and function via it’s associated molecular processes, primarily 

through signaling transduction pathways (CaM-KII, MAP-K/ERK I & II, and PKC) and 
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transcription regulator (CREB) (Lu, 2003; Mattson et al., 2002; Vaynman et al., 2003).  

The BDNF/ß-amyloid relationship is also illustrated in research results that show ß-

amyloid is increased and BDNF decreased in AD transgenic mice when compared to 

aged-matched controls and ß-amyloid levels decline in AD transgenic mice when injected 

with BDNF (Burbach et al., 2004).  Furthermore, the existence of an inverse relationship 

between BDNF and ß-amyloid levels is evident in postmortem assay that show ß-amyloid 

levels are increased and BDNF mRNA decreased in persons with AD when compared to 

control donors (Chiapelli et al., 2006).   

 While research using animal models supports the exercise hypothesis, there is 

limited research exploring this relationship specific to individuals with AD.  However, 

researchers of longitudinal studies in the elderly postulate that AD, the most common 

form of dementia, may be delayed or attenuated as a result of exercise.  Numerous 

researchers have shown regular exercise such as walking is strongly associated with 

reduced incidences of dementia, higher levels of cognitive function, and an enhanced 

capacity to undertake activities of daily living in the elderly.  An increase in functional 

independence, a reduction in cognitive impairment and reduced incidences of dementia 

were noted in longitudinal studies of institutionalized elderly/community-dwelling older 

adults who exercised regularly (> 30 min, 3 times per week for 2 or more years) (Lytle et 

al., 2004), incidences of dementia in persons who exercised (minimum of 15 min, 3 times 

per week) over a period of 6.2 years were less compared to those who did not exercise 

(13 per 1,000 person-years and 19.7 per 1,000 person-years, respectively) (Larson et al., 

2006), and men who walked less than 0.25 miles per day had a 1.8 fold increased risk of 
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dementia when compared to men who walked 2 miles per day (Abbott et al., 2004).  

Furthermore, a 1-year study of nursing home residents with AD who exercised 2 times 

per week for 1-hr had a slower decline in ADL scores when compared to a control group 

and a 5-year follow-up study of persons 65 years of age or older indicated exercise was 

associated with a 50% reduced risk of AD onset (Barnes et al., 2007; Rolland et al., 

2007). 

 As indicated by research results, exercise is beneficial to maintaining and 

enhancing neurological function (cognition and executive function) in the elderly and 

may be an important, non-invasive, intervention for persons with AD.  (Barnes et al., 

2007; Bean, Vora, & Fonteria, 2004; Rydwik et al., 2004).  Along with an improvement 

in cognition, of particular importance of regular exercise on executive function as a 

consequence of AD is a reduction in executive motor control that affects both fine and 

gross motor skills and impairs the individual’s ability to sense and function in the 

environment.  Due to degradation of neurons associated with execution of motor outputs, 

persons with mild to moderate AD exhibit limited dexterity and reduced mobility that 

manifests as deficits in movement coordination, gait, and balance and an increased 

susceptibility to falls (Hausdorff et al., 2001; O’Keeffe et al., 1996).  Research results 

indicate frontal gait disorder is the most common gait disturbance associated with AD, 

which is characterized by balance impairment, step shortening, shuffling, and hesitation 

in start and turn movements (O’Keeffe et al., 2001; Visser, 1983).  Longitudinal studies 

indicate this degradation advances with the severity of AD with the eventual outcome 
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being institutionalization due to an incapacitation to sense the environment and to 

undertake ADL (Studenski et al., 2006).   

Fortunately, the trainability of older adults is evident by their ability to adapt and 

respond to physical exercise.  Research results indicate aerobic exercise such as walking, 

running, and cycling elicit numerous changes in cardiovascular, metabolic, and 

neurological parameters that result in reduced health risks and incidents of falls and 

increases in physical capabilities and psychological well being (Bean et al., 2004; 

Haskell, Lee, Pate et al., 2007; Rydwik et al., 2004).  As in younger adults, physical 

activity recommendations for older adults are a minimum of 20 min a day at least 3 times 

per week.  Although adaptations may be evident after 2 to 3 weeks of physical activity, 

research results indicate a duration of 12 weeks or more is necessary to ensure significant 

increases and long term adaptation (Haskell et al., 2007). 

 As indicated by the literature, AD is a debilitating disease for which there is 

currently no immediate cure.  The statistics posit AD is a major health concern in the 

aging population and will continue to be a burden on individual sufferers, their families, 

and society as a whole as the AD population increases and the costs in health care 

escalate.  Unfortunately, current pharmacological interventions only lessen the symptoms 

of AD, not prevent the progression of nor attenuate the disease.  Fortunately, there is 

strong evidence that posits a causal association between exercise and reducing the 

risk/attenuation of AD.  Because of this association, the author posits regular exercise is a 

valid, non-pharmacological, non-invasive intervention for researching AD prevention / 

attenuation in persons with AD. 
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While research supports the association of exercise and reduced risk / attenuation 

of AD, the author’s review of the AD literature found limited research on exercise and 

AD in human subjects.  Most of the exercise/AD research in humans used self-report data 

regarding exercise or included both aerobic and resistance activities as treatments.  One 

such study used a combination of exercise activities in nursing home residents with AD 

who exercised 2 times per week for 1-hr over a 12-month period.  The exercise program 

included walking, strength, balance, and flexibility training during each of the one hour 

sessions (Roland et al., 2007).  To address this paradigm, the author’s research focused 

on a single treatment, regular walking activity over time, utilizing valid research 

instruments designed to measure cognition, executive function, and motoric capabilities 

in persons with AD. 

Statement of the Problem 

Currently there is limited research in human subjects that examines non-

pharmacological interventions for AD.  The aim of this research was to examine the 

effects of exercise in adults with mild to moderate AD: specifically the effects of regular 

walking activity on cognitive function, balance, mobility, and ADL persons with 

probable AD.  While there is documented research that has explored the relationship of 

exercise and AD, most of the research has relied on self-report or has integrated a mixture 

of activities that included aerobic and resistance exercise modalities.  This research 

focused on a single treatment, regular walking activity over time, utilizing valid research 

instruments designed to measure cognition, executive function and motoric capabilities. 
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Hypotheses 

The following null hypotheses were tested in this research. 

1. There will be no significant increase in cognitive function in persons with mild to 

moderate Alzheimer’s disease due to regular aerobic exercise. 

2. There will be no significant increase in balance and mobility function in persons 

with mild to moderate Alzheimer’s disease due to regular aerobic exercise. 

3. There will be no significant increase in ADL  in persons with mild to moderate 

Alzheimer’s disease due to regular aerobic exercise. 

Expected Outcomes 

Expected outcome for this research was to reject all three null hypotheses.  Due to 

the effects of aerobic exercise on neural function in adults with dementia, the expected 

outcomes are (a) a statistically significant increase in cognitive function, (b) a statistically 

significant increase in balance and mobility, and (c) a statistically significant increase in 

the capacity to perform ADL in persons with mild to moderate AD. 

Delimitations 

This research was delimited as follows. 

1. Participants were informed, consenting adults. 

2. Participants were ambulatory. 

3. The research treatment protocol was performed in a controlled, institutional 

environment. 

4. The research sample was comprised of volunteers. 
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Limitations 

This research protocol had the following limitations. 

1. The investigator could not control for additional physical activity outside of the 

treatment protocol.   

2. It was not possible to control for fluctuations in emotional or motivational states 

of each participant prior to or during the research period. 

Operational Definitions 

The following are the operational definitions for this study. 

Activities of Daily Living (ADL):  Refers to daily activities a person is required to 

undertake to function independently in life.  These activities include feeding, bathing, 

dressing, grooming, mobility, toilet use, and body function control (bladder and bowels).  

(Mahoney & Barthel, 1965; Richards et al., 2000; Wade & Collin, 1988) 

Aerobic exercise:  Is any physical activity that is maintained continuously, is 

rhythmic in nature, and utilizes oxygen to produce the energy required to undertake the 

activity.  Primarily, activities that recruit large muscle groups such as walking, cycling, or 

jogging are considered aerobic exercises (American College of Sports Medicine, 2002).  

For the purpose of this research, aerobic exercise referred to walking activity that was 

performed 30 min a day 3 times per week with a minimum of one day between each 

activity day for a period of 12 weeks.   

 Alzheimer’s disease:  Initially manifests as mild cognitive impairment in 

executive function and progresses over time to serious disturbances in memory, decision-

making, language, motor skills, and sensing the environment.  While classified under 
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dementia because of accompanying memory loss, persons with AD also exhibit language 

deterioration, visual/spatial deficits, disturbances in motor function, and sensory 

abnormalities; resulting in progressive decline over time from higher-level ADL through 

to abnormalities in basic activities such as eating, grooming, and toileting.  (Chiappelli et 

al., 2006; Cummings, 2004; Studenski et al., 2006) Sometimes termed Probable 

Alzheimer’s Disease because clinical diagnosis is difficult and often not clinically 

confirmed until a postmortem is performed, diagnosis of AD via neuropsychological test 

and function assessment instruments such as the MMSE and Barthel Index is 

recommended (Kawas, 2003).  For the purpose of this research, participants’ AD statuses 

were defined by physician diagnoses obtained from the participant medical records or 

their MMSE scores.  Persons categorized with AD and MMSE scores within the 13 to 19 

are defined as having moderate AD and those with AD with MMSE scores that range 

from 20 to 24 are considered mild AD (Karlawish & Clark, 2003). 

Caregiver:  Includes participant’s primary caregiver (e.g., spouse/partner, family 

or designated caregiver) and institutional personnel/nursing staff who provided care to 

the participant on a regular basis.   

Cognitive function: Refers to the mental activity primarily involved in recall, 

language, and attention (Studenski et al., 2006).  For the purpose of this research, the 

MMSE, with sub-categories orientation, registration, attention, recall, and language was 

used to measure cognitive function.  While a score below 30 may signify dementia, a 

score below 25 signifies probable AD (Karlawish & Clark, 2003).   
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Executive function:  Refers to the mental activity involved in planning, initiating, 

and regulating behavior (Perry & Hodges, 1999).  For the purpose of this research, 

MMSE, Barthel Index, BBS, and TUG instruments were used to measure executive 

function.  Score below 30, 100, and 56 for MMSE, Barthel Index, and BBS, respectively.  

The TUG indirectly assesses executive function through timing functional mobility 

capabilities with a time greater than 10-s, adjusted for age, in physically able persons 

indicating a decline in executive function (Lusardi, Pellecchia, & Schulman, 2003; 

Steffen et al., 2002). 

Institutional personnel: Includes personnel employed by the institute at which the 

research was implemented who are qualified Physicians, Physical Therapists, or 

Occupational Therapists. 

Mild Alzheimer’s disease: Is characterized by sporadic memory lapses and 

functional disturbances such as misplacing objects, remembering names, word finding, 

concentration, and motor function (Cummings, 2004; Karlawish & Clark, 2003; Kawas, 

2003).  In correlation with clinical diagnosis, persons categorized with mild AD have 

associated MMSE scores that range from 20 to 24 (Karlawish & Clark, 2003). 

Moderate Alzheimer’s disease: Are deficits in memory and functional capacity 

such as knowledge of recent events and personal history, response to environment, 

complex tasks, and mobility (Chiapelli et al., 2006; Kawas, 2003).  In correlation with 

clinical diagnosis, persons categorized with moderate AD have associated MMSE scores 

that range from 13 to 19 (Karlawish & Clark, 2003). 
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Methodology 

Research Design 

The aim of this research was to examine the effects of exercise in adults with mild 

to moderate AD: specifically the effects of regular walking activity on cognitive function, 

balance, mobility, and ADL persons with probable AD.  While there is documented 

research that has explored the relationship of exercise and AD, most of the research has 

relied on self-report or has integrated a mixture of activities that included aerobic and 

resistance exercise modalities.  This research focused on a single treatment, regular 

walking activity over time, utilizing valid research instruments designed to measure 

cognition, executive function and motoric capabilities. 

The research protocol was approved by the Temple University IRB Subcommittee 

A for the protection of human subjects (Appendix A).  The research design was quasi-

experimental with the experimental group acting as their own control with pre-test and 

post-test data collection phases. 

Research Participants 

Participants were a sample of convenience who were residents of an institutional 

facility specializing in caring for persons with dementia and AD.   Participants (N = 20) 

were Caucasian adult volunteers of mixed gender (females n = 14; males n = 6) between 

78 and 99 years (mean age = 85.5 +5.2 years) who met the participation criteria.  Along 

with their respective caregivers, each participant read and signed a written informed 

consent, which outlined the research protocol and the responsibilities of both participant 

and research investigator.   A review of medical records was undertaken by institutional 
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personnel prior to pre-test evaluations to ensure medical criteria were met.   Of the 19 

participants completing this study, 14 (74%) used walking aids (13 walkers [69%]; 1 cane 

[5%]).  One participant withdrew from the treatment protocol at Week 5 of the study. 

Inclusion Criteria 

Inclusion criteria for this study were as follows. 

1. A resident/outpatient of an institutional facility that cares for persons with AD 

2. Diagnosed with mild to moderate AD as determined by medical records or 

observations/evaluations undertaken by institutional personnel 

3. Physically able to rise from a seated position and walk without physical assistance 

for a distance of 50 ft   

Note.  The use of a cane or walker was acceptable for this activity   

4. Scored within the range of 13 to 24 on the pre-test MMSE 

5. Minimum age was 55 years and maximum age was 95 years 

6. Willing to participate in the study 

Exclusion Criteria 

Exclusion criteria for this study were as follows. 

1. A physical disability that might hinder full participation or likely to place the 

participant in physical danger when participating in the study 

2. Physically unable to rise from a seated position and walk without physical 

assistance for a distance of 50 ft 

3. Experienced a stroke within the past 3 years or clinically diagnosed with 

frontotemporal dementia or dementia with Lewy bodies 
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4. On medications [specifically Menantine (Namenda)] that might affect equilibrium 

as determined by institutional personnel from medical records 

5. A pre-test MMSE score greater than 24 

6. Uncontrolled hypertension (non-controlled resting BP > 140/90 mm Hg)  

Procedures for Participant Informed Consent 

Participants who met the inclusion criteria and their caregivers read or had read to 

them and signed the Authorization and Disclosure form and a written informed consent 

which outlined the research protocol and the responsibilities of both the participant and 

the research investigator.   Participant informed consent form, caregiver informed consent 

form, and Authorization and Disclosure form are located in Appendices B, C, and D, 

respectively.  Because cognitive impairment may affect decision-making capacity, a 

double consent procedure was implemented requiring both the participant’s and her/his 

caregiver’s consent to participate in the research (Kim, Caine, Currier, Leibovici, & 

Ryan, 2001).   Participants were then screened by the research investigator using the 

Sociodemographic/Health/ Lifestyle Questionnaire (Appendix E) and MMSE (Appendix 

F) to ensure they met the research participation criteria. 

Pre- and Post-Test Measures 

The following test batteries were administrated pre-test and post-test with 

participants’ data recorded on data sheets specific to each instrument: MMSE; Barthel-

Index (Appendix G); BBS (Appendix H); TUG (Appendix I).  Prior to administering the  



 20 
 

 

tests, the research investigator used video review of the BBS and TUG and was evaluated 

by an expert in the field to ensure the evaluations were administered in accordance with 

the protocol of each instrument. 

Pre-test Measures 

On the day of testing, the MMSE, Barthel Index, and Sociodemographic/Health/ 

Lifestyle questionnaire were administered by the research investigator in a private room 

provided by the institute with participant’s caregiver present.  Participant’s blood 

pressure and heart rate were recorded at this time by institutional personnel or nursing 

staff.   

Following completion of these written evaluations, the BBS and TUG evaluations 

were administered by the research investigator in accordance with the protocol of each 

instrument.  For participants’ safety, the evaluations were conducted in a room provided 

by the institute and on a level tiled floor.  The investigator and caregiver acted as spotters 

during these evaluations.  Participants were permitted to wear their comfortable walking 

shoes and use a cane or walker during the TUG evaluation.  The collection of pre-test 

data for each participant took approximately 45 to 60 min. 

Post-Test Measures 

 At the completion of the 12-week walking program, the participants post-test data 

were recorded using the same test batteries as used for the pre-test (i.e., MMSE, Barthel-

Index, BBS and TUG).  The Program Perception Questionnaire (Appendix J) was also 

administrated at this time.  Post-test data were collected within 7 days of completion of 

the walking program. 
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Physical Activity Protocol 

Upon completion of the pre-test batteries, participants and their caregivers were 

given instructions on the physical activity protocol, both verbally and in writing 

(Appendix K), and trained in the use of the pedometer.  Participants, with caregiver 

assistance, installed the pedometer and walked 50-ft with the pedometer in place to 

ensure compliance with pedometer use (application and data recording) and to ensure 

pedometer recorded walking activity accurately (e.g., number of steps taken). 

The physical activity protocol was a walking program that was designed to allow 

participants to walk 30 min a day 3 times per week with a minimum of 1-day between 

each exercise day (e.g., Monday, Wednesday and Friday) for a period of 12 consecutive 

weeks.  The duration for completing the 30 min of walking activity was established at 45 

min for week 1 of the walking program to accommodate rest periods; then progressively 

decreased on a weekly basis so that participants were walking for 30 min consecutively 

by Week 5 of the program.  The walking activity was conducted under the following 

protocol. 

1. Participants were advised to walk at the same time each day and on the same days 

of the week chosen for the 12-week period (e.g., Monday, Wednesday, and 

Friday). 

2. Participants were able to complete the walking program as a group activity or 

individually. 

3. To ensure compliance with the physical activity protocol, caregiver(s) 

accompanied the participant(s) during the walking activity and the research 
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investigator attended the institute on a weekly basis to meet with participants and 

their caregivers and was accessible on a 24-hr basis via phone. 

4. To decrease the likelihood of injury and for participants’ safety the following 

were undertaken. 

a. Caregiver(s) or the research investigator accompanied participants during 

the walking activity 

b. The walking activity was undertaken either indoors or outdoors at the 

institute on flat, firm, surfaces (e.g., building hallways and concrete 

footpaths). 

c. Participants were able to use a cane or walker. 

d. Participants wore comfortable walking shoes while walking. 

e. Participants were advised to rest or seek medical advice should they 

experience muscle soreness, shortness of breath, or dizzy spells. 

Note.  Trained medical personnel were readily available at the institute. 

5. Each participant wore a pedometer secured at waist height and positioned lateral 

to the center of the body.   

6. Participants’ caregivers or the research investigator recorded date and pedometer 

reading for each walking activity on the Activity Data Sheet (Appendix L).  

7. The duration for completing the 30-min walking activity was set at 45 min for 

Week 1 of the walking program to accommodate rest periods if required by the 

participant.  The duration of the walking activity was then progressively 

decreased so that participants were walking for 30 min consecutively by Week 5 
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of the program.  Participants who were unable to walk continuously for 30 min 

during Week 5 of the 12-week walking program were excluded from the study.  

The following walking program was established for participants who were 

initially unable to walk continuously for 30 min. 

a. Week 1 – Walk 30 min during a period of 45 min, 3 times per week with a 

minimum of 1-day between each exercise day. 

b. Week 2 - Walk 30 min during a period of 45 min, 3 times per week with a  

minimum of 1-day between each exercise day 

c. Week 3 – Walk 30 min during a period of 40 min, 3 times per week with a 

minimum of 1-day between each exercise day. 

d. Week 4 – Walk 30 min during a period of 35 min, 3 times per week with a 

  minimum of 1-day between each exercise day. 

e. Week 5 to 12 – Walk 30 consecutive minutes, 3 times per week with a  

  minimum of 1-day between each exercise day. 

Participants were encouraged by their caregivers and the research investigator to 

increase the total pedometer reading for the week’s walking activity on a weekly basis. 

Due to variability in fitness level and mobility capabilities, no set increment in weekly 

pedometer reading was implemented. 

Research Instrumentation 

The Sociodemographic/Health/Lifestyle Questionnaire developed by the research 

investigator was used to record basic information specific to each participant’s 

Sociodemographic (e.g., age, gender, occupation status [past/present], education, 
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caregiver relationship), health history [e.g., illnesses, falls, medications, use of 

cane/walker], and recreational activities (physical and  mental activities). 

The Mini-Mental State Evaluation (MMSE) is a well-validated instrument for 

assessing cognitive function in the elderly (Adelman & Daly, 2005; Folstein et al, 1975, 

Karlawish & Clark, 2003).  This instrument is scored from 0 to 30 and takes 

approximately 5 to 10 min to implement (Appendix F).  Each item is assessed as either 

“0” or “1” (incorrect or correct, respectively).  While a score below 30 may signify 

dementia, a score of 20 to 24 indicates probable mild AD, 12 to 19 indicates probable 

moderate AD, and a score below 12 denotes severe AD (Grundman, Peterson, Ferris, 

Thomas, Aisen, Bennett, et al, 2004; Karlawish & Clark, 2003; Perry & Hodges, 1999).  

The MMSE is divided into two sections. The first section requires vocal responses and 

tests for orientation, memory and attention.  The second section tests the ability to name 

objects, follow verbal and written commands, write a sentence, and copy a complex 

polygon.  The instrument was used to assess cognitive/executive function of the 

participants at the pre- and post-treatment intervention. 

The Barthel Index (Appendix G) is a valid and reliable standard measure of 

functional ability to perform routine ADL (Mahoney & Barthel, 1965; Richards et al., 

1988).  The Index assesses the level of independency an individual has in completing 

daily activities such as feeding, dressing, grooming, mobility, toilet use, and body 

function control (bladder and bowels).  Each activity within the 10 categories is scored 

independently and then totaled to determine a person’s performance level.  The total 
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 assessment score range is 0 to 100 with 100 indicating no functional impairment.  The 

instrument was used to measure participants’ performance in routine ADL pre- and post- 

treatment intervention. 

The Berg Balance Scale (BBS) is a valid and reliable instrument that measures an 

individual’s capacity to perform various static and dynamic functions in sitting and 

standing (Berg, Maki, & Williams, 1992; Newstead et al., 2005) (Appendix H).  The BBS 

assesses 14 functions of postural control and stability such as standing up from a chair 

and sitting back down, picking up an object off the floor, turning 360 deg, standing on 

one foot, and reaching forward.  The instrument uses a 5 point ordinal scale of 0 to 4 (0 – 

unable to; 4 – able to) with a maximum total of 56.  The instrument was used to assess 

participants’ executive function pre- and post-treatment intervention. 

 The Timed Up and Go (TUG) test is a valid and reliable measure that assesses an 

individual’s functional mobility for undertaking basic movement essential for daily living 

such as standing and sitting, walking, and changing direction while walking (Lusardi et 

al., 2003; Podsiadlo & Richardson, 1991; Steffen et al., 2002) (Appendix I).  The 

individual is timed rising from a chair, walking 3 m, turning around, walking back to the 

chair, and sitting down.  The test is performed at the individual’s normal, preferred, 

speed.  The instrument was used to assess participants’ mobility function pre- and post- 

treatment intervention. 

The Program Perception Questionnaire (Appendix J) developed by the research 

investigator was used to record the participant and caregiver information pertaining to 

changes they observed in the behavior of the participant due to the treatment.  These 
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changes may have been a change in sleep pattern, a change in the perceived level of 

energy, a change in the capacity to focus, and a change in health or lifestyle status. 

 The physical activity protocol was developed by the investigator to outline step-

by-step the walking program, installation and use of the pedometer, and data recording 

procedure. 

The Activity Data Sheet developed by the investigator was used by caregivers or 

the investigator to record the daily walking activity of the participants, the date, and the 

pedometer reading.   The pedometer reading was taken using a “Walking Advantage 

Sportline 330” pedometer (Sportline Inc., Hazleton, PA) that was worn by participants 

during the walking program attached at waist height and positioned lateral to the center of 

the body.  Participants’ data were recorded by their caregivers or the investigator for each 

days walking activity. 

Supplementary equipment used in this study included. 

1. Chairs - standard size straight back chairs. One chair with arms and 1 chair 

without arms.  Seat height 19 in.  Used in undertaking BBS and TUG evaluations. 

2. Stopwatch - one stopwatch with timing to 0.01 s used for timed evaluation in BBS 

& TUG. 

3. Yard ruler – a 1-yard ruler with .25 in.  increments mounted horizontally on a 

stand that accommodates vertical adjustment.  Used to evaluate participants 

“reaching forward” capabilities during the BBS evaluation. 
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4. Tape-measure - a standard carpenter’s tape measure used in the TUG evaluation 

to measure the distance (3 m) from the front edge of the chair to the turnaround 

point identified by a cone. 

5. Plastic cone - a standard, 0.5-m, orange cone; used to identify the turnaround 

point in the TUG evaluation. 

Data Analysis 

Statistical analyses were conducted on all dependent variables including cognitive 

function, balance, mobility, and ADL.  Standard descriptive statistics (mean, standard 

deviation, and range) were calculated for participants’ descriptive variables (i.e., age, 

education, and residency).  Categorical statistics for gender and disease state were 

calculated as a percentage.  T-test with repeated measures ANOVA with various 

categorical variables as between-group factors were used to test the hypotheses.  To 

protect against an experimental-wise type I error, all statistical analysis set α at .05. 

Power analysis for calculating the sample size was based on estimates derived 

from the literature specific to MMSE, BBS, TUG, and ADL assessment instruments 

(Lusardi et al., 2003; Newstead et al., 2005; Rolland et al., 2007; Steffen, Hacker, & 

Mollinger, 2002).  Five values were used to estimate statistical power for each outcome; 

these included the pre/post means and standard deviations, and the estimated correlation 

between pre/post test scores.  The values were used in turn to estimate the mean and 

standard deviation of difference scores, from which statistical power may be estimated.  

This study aimed to use the largest estimated sample size derived from the power analysis 

of N = 25 as the minimum sample size with the sample of convenience estimated at 90.  
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Due to limited sample of convenience, final sample size was N = 19.  The power analysis 

outcomes for the individual assessment instruments are found in Table 1.   Based upon 

the estimated effect sizes, the Type I error rate (alpha) was set to 0.05 (two-tailed), and 

power (1 – Type II error rate) was set at 0.8 in order to solve for sample size.   

Table 1.   Power Analysis 
________________________________________________________________________ 
 
Instrument   Alpha       Power      Std Dev            Sample Size 
________________________________________________________________________ 
 
MMSE    0.05        0.80         1.897        13 
 
BBS    0.05        0.80         2.000          8 
 
TUG    0.05        0.80         2.291        11 
 
ADL    0.05        0.80         8.764        25 
________________________________________________________________________ 
MMSE, BBS, TUG, ADL represent cognitive function, balance, mobility, and activities 
of daily living, respectively. 
 

Results 
 

The purpose of this study was to determine if regular aerobic activity, walking, 

would serve to increase cognitive function, balance, mobility, and ADL between the pre-

test and the post-test.   Following initial data screening and construction of summary 

scores, t-tests were performed to evaluate change from pre-test to post-test for continuous 

variables, specifically cognitive function, balance, mobility, and ADL.  Change in binary 

variables, specifically falls and copying, were evaluated using Fisher’s exact test.  

Change in ordinal variables (i.e., orientation, registration, attention, recall, and language) 

were evaluated using Wilcoxon signed rank tests.  Descriptive statistics (means, standard 

deviation, and range) for all continuous variables are presented in Table 2.   Percentages  
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Table 2.   Participant Age, Education, and Years of Residency (N = 19) 
________________________________________________________________________ 
 
Variable   Mean   Std Dev  Range 
________________________________________________________________________ 
 
Age, years   85.6     5.2   78 - 99 
 
Education, years  13.1     1.8   12 - 18 
 
Residency*, years    1.6     1.1    0.3 - 3.3 
________________________________________________________________________ 
* All participants were residents of a healthcare facility. 
 
for categorical variables of gender and disease state are presented in Table 3.   All 

statistical analyses set α at .05.  Statistical analysis was conducted using SPSS for 

Windows Version 16 (SPSS Inc, Chicago, IL).  Analyses for cognitive function, balance, 

mobility, and ADL were based on MMSE, BBS, TUG, and Barthel Index total scores, 

respectively. 

Table 3.   Participant Gender and Alzheimer’s Disease Stage (N = 19) 
________________________________________________________________________ 
 
Variable/Condition   N   Percent of Participants 
________________________________________________________________________ 
 
Gender 
     Female    13    68 
 
     Male      6    32 
 
Alzheimer’s Disease Stage* 
     Mild    12    63 
 
     Moderate      7    37 
________________________________________________________________________ 
*Based on MMSE scores or physician diagnosis 

Pre-test and post-test mean scores and standard deviation values for cognitive 

function, balance, mobility, and ADL are presented in Table 4.  Analysis of change in  
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Table 4.  Descriptive values for Cognitive Function, Balance, Mobility, and Activities of 
   Daily Living (N = 19) 

________________________________________________________________________ 
 
     Pre-Test   Post-Test   
Variable     Mean  Std Dev Mean  Std Dev 
________________________________________________________________________
  
Cognitive Function  19.94    2.89  23.05+    2.19 
 
Balance   35.26    6.09  40.42+    6.04 
 
Mobility   25.96  16.61  20.99+  12.19             
 
Activities of Daily Living 82.89  11.93  86.15    8.77 
________________________________________________________________________ 
+ Indicates a significant improvement (p <.001) from pre-test score. 
Note.  Cognitive Function, Balance, Mobility, and Activities of Daily Living were 
evaluated using MMSE, BBS, TUG, and Barthel Index, respectively. 
 
scores from pre-test to post-test for cognitive function, balance, mobility, and ADL 

indicated significant change in cognitive function, balance, and mobility.  No significant 

change was found for ADL.  Statistical summary of these data are presented in Table 5. 

Table 5.   t-test Scores for Cognitive Function, Balance, Mobility, and Activities of 
    Daily Living (N = 19) 

________________________________________________________________________ 
 
                 Degrees of  
Variable    t-Score   Freedom  Probability 
________________________________________________________________________ 
 
Cognitive Function    -5.74        18       .001  
 
Balance    -7.43        18       .001 
 
Mobility      3.82        18       .001 
 
Activities of Daily Living  -1.48        18       .156 
________________________________________________________________________ 
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The data in Figure 1 display the significant change (t[18] = 5.74, p < .001) from pre-

test to post-test for cognitive function.  In order to follow up significant changes in 

cognitive function scores, post-hoc analyses were performed for sub-categories 

orientation, registration, attention, recall, and language with descriptive values presented 

in Figure 2 with the scores and statistical analyses presented in Tables 6 and 7.   Due to 

the data values for the sub-category copying, post hoc analysis was computed using a 

Fisher Exact Test.  While no significant change was present in sub-category orientation 

(t[18] = 2.00, p < .061), significant changes between pre-test and post-test were found for 

the sub-categories registration (t[18] = 3.24, p < .005), attention [t[18] = 2.57, p < .019), 

recall [t[18] = 2.57, p < .024), and language (t[18] = 4.37, p < .001).  Significance was 

also found in sub-category copying by Fisher’s Exact Test, p < .020. 
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Figure 1.  Cognitive function mean scores

* Represents a significant difference  (p < .001) 
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Figure 2.  Cognitive function sub-categories mean scores
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Table 6.   Descriptive values for Cognitive Function Sub-Categories Orientation, 

    Registration, Attention, Recall, and Language (N = 19) 
________________________________________________________________________ 
 
     Pre-Test   Post-Test   
Variable   Mean  Std Dev Mean  Std Dev 
________________________________________________________________________
  
Orientation   6.00    1.49  6.57    1.26 
 
Registration   2.63    0.49  3.00+ 
 
Attention   2.94    1.61  3.78+    1.22             
 
Recall    1.10    1.04  1.73+    0.99 
 
Language   6.73    1.04  7.52+    0.51 
________________________________________________________________________ 
+ Indicates a significant improvement (p <.001) from pre-test score. 
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Table 7.   t-test Scores for Cognitive Function Sub-Categories Orientation, Registration, 
  Attention, Recall, and Language (N = 19) 

________________________________________________________________________ 
 
                 Degrees of  
Variable    t-Score   Freedom Probability 
________________________________________________________________________ 
 
Orientation    -2.00      18      .061 
  
Registration    -3.24      18      .005 
 
Attention    -2.57      18      .019 
 
Recall     -2.57      18      .024 
 
Language    -4.37      18      .001 
________________________________________________________________________ 
 

Figure 3 displays the significant increase from pre-test to post-test (t[18] = 7.43, p 

< .001) for the change in balance.   Figure 4 displays the significant decrease from pre-

test to post test (t[18] = 3.82, p < .001) for change in functional mobility.  The analysis of 

change in ADL indicated no significant increase from pre-test and post-test (t[18] = 1.48, 

p < .156).   Figure 5 displays these data.    

The Wilcoxon Signed Ranks Test indicated a significant decrease in the number 

of falls between pre-test and post-test (z = 2.392, p < .017).  These data are displayed in 

Figure 6.  Nineteen falls were reported in 12 participants prior to the intervention, with 8 

falls reported in 5 participants during the 12-week intervention, representing decreases of 

57 and 58%, respectively.  Of the 5 participants who experienced falls during the 

treatment period, 4 were recurrent fallers – had falls during the 12-week period prior to 

the treatment.  Participants were followed-up 12 weeks following the completion of the 

12-week walking program.  Two participants continued to regularly walk 2 days a week  
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at the residential facility.  Five participants experienced 13 falls with 2 participants being 

recurrent fallers during the treatment period and one participant a recurrent faller from 

the pre-treatment period.  

Stage of AD descriptive values for cognitive function, balance, and mobility are 

presented in Table 8.  Analysis of stage of AD indicated a significant difference in 

cognitive function for mild AD compared to moderate AD (F[1,17] = 47.62 p = < .001, 

Eta2 = .737), as shown in Table 9.  No significant differences between stages of AD were 

found for balance and mobility.  Analysis of AD risk factors Gender and Education for 

change in Cognitive function, Balance, Mobility, and ADL indicated no significant 

differences. 

 
Table 8.  Stage of Alzheimer’s disease values for Cognitive Function, Balance, and 

   Mobility (Mild n = 12, Moderate n = 7) 
________________________________________________________________________ 
 
      Pre-Test   Post-Test 
Variable  Stage  Mean  Std Dev Mean           Std Dev 
________________________________________________________________________ 
 
Cognitive Function Mild  21.83     1.19  24.08      1.83 
 
   Moderate 16.71     1.79  21.28      1.60 
 
Balance  Mild  34.50      6.72  40.91      5.74 
 
   Moderate 36.57      5.02  39.57      6.92 
 
Mobility  Mild  27.32    20.32  21.86    14.90 
 
   Moderate 23.63      7.77  19.49      5.92 
________________________________________________________________________ 
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Table 9.  Scores of Alzheimer’s disease stage for Cognitive function, Balance, and 
   Mobility 

________________________________________________________________________ 
 
Variable  F  df1 df2     p    Partial Eta squared 
________________________________________________________________________ 
 
Cognitive function  47.62  1 17   .001  .737 
 
Balance    0.16  1 17   .901  .001 
 
Mobility    0.19  1 17   .669  .011 
________________________________________________________________________ 
 

Participants walked an average of 2040 steps per session as monitored by the 

pedometer.  Average steps per session in week 1 of treatment period was 1546 with the 

average increasing to 2198 steps per session in Week 12.  The average number of 

sessions walked was 32.63 ±1.86 with a range 31 to 36 sessions. 

Discussion 
 

The aim of this research was to examine the effects of exercise in adults with mild 

to moderate AD: specifically the effects of regular walking activity on cognitive function, 

balance, mobility, and ADL persons with probable AD.  While numerous studies have 

utilized multiple exercise modalities and self reports to research this exercise hypothesis, 

this study focused on one exercise modality with participants (N = 19) with mild to 

moderate AD completing a 12-week, 3 times per week, 30-min walking program in a 

controlled environment with pre- and post-test batteries used to evaluate the cognitive 

and executive components of neural function.  Of the four variables used to examine the 

exercise effect on neural function, significant changes were realized in cognition, 

balance, and mobility.   
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The significant (p < .001) enhancement of cognitive function in participants was 

supported by significant changes in 5 of the 6 MMSE sub-categories registration, 

attention, recall, language, and copying.  While no significant change was found in the 6th 

category, orientation, a 9.5% increase in this function was evident.  Along with 

supporting previous research that posits exercise can enhance neural function, the 

outcomes of this study indicate physical activity initiates biomechanisms that target and 

enhance primary cognitive deficits associated with AD such as focus (attention), memory 

(recall), and verbal communication (language); thus further supporting the premise that 

physical activity can attenuate cognitive deficits in persons with AD and delay AD onset.  

The benefit to persons with AD is an enhanced capability to sense the environment and to 

communicate accordingly.  Both factors are important to maintain independence in the 

home and community environment. 

  The enhancement of executive function was also evident as significant change (p 

< .001) occurred in both variables used to measure this function, balance (BBS) and 

mobility (TUG).  Potentially the AD patients had a better capacity to perform these tasks, 

which is why the improvements in balance and mobility may be seen as improvements in 

executive function.  The important link between these variables and executive function is 

that balance and mobility are dependent on one’s capacity to interact with the 

environment.  That is, spatial sensing, decision making, and initiating/completing a 

response accordingly.  The increases attained in balance and mobility (14.6 and 19.1%, 

respectively) and the decrease in falls (57.9%) provide evidence that motor function/gait 

can be improved in persons with AD and the likelihood of falls, thus injury, decreased 
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through exercise.  Such improvement in motor function in persons with AD augments 

their capacity to act independently, with their well-being and quality of life affected 

accordingly. 

The pre-test scores on the BBS indicated that individuals were at risk for falls as 

scores under 45 are considered at ‘fall risk’ in community dwelling older adults (Bogle 

Thorbahn, & Newton, 1996).  Furthermore, these scores also indicated individuals would 

benefit from the use of a walking aid (walker or cane).  This was evident in this study as 

12 of the 19 participants were fallers pre-treatment and 14 participants (74%) used 

walking aids (13 walkers [69%]; 1 cane [5%]).  Although the pre-post test scores (5 point 

difference) reflected a significant improvement in balance abilities, there is still a current 

debate regarding the number of points required to indicate a ‘real’ change in function 

(Conradsson et al., 2007).  Conradsson et al. consider a score of an 8-point difference as a 

significant change in function for individuals living in residential facilities and who are 

dependent in ADL.  However, while the mean score post intervention remained in the 

range for fall risk and walker/cane usage, the significant reduction in falls and increase in 

BBS score, along with participants in this study being considered independent in ADL, 

indicated that a low impact aerobic activity, walking, was sufficient to increase balance 

abilities and reduce falls in patients with AD. 

Additionally, the walk program improved scores on a functional mobility test 

(i.e., the TUG, showing approximately a 5-s improvement).  Although the mean score 

value (post-test = 20.9 s) was higher than adults over the age of 60 years (9.4 s), they may 

be reflective of the abilities of the patient with AD to perform a series of mobility tasks 



 40 
 

 

(Bohannon, 2006).  Persad et al. (2008) noted that the mean TUG score in 12 subjects 

with AD was 14.8 ± 4.3 s and 14.1 ±2.5 s for 10 age-matched adult subjects with minimal 

cognitive involvement with memory and executive function deficits.  Of note, those 

participants with minimal cognitive involvement and without memory and executive 

function deficits had a lower TUG score of 11.7 ±2.4 s.  These findings substantiate the 

observations of Persad et al. that individuals with memory and executive function deficits 

demonstrate poorer functional mobility.   

This cognitive/executive interaction is evident in research results that indicate 

attention capacity is important to ambulation as recent dual-task studies showed impaired 

motor function occurs under divided attention conditions in persons with AD, resulting in 

increased falls (Persad et al., 2008).  This interaction and the posited enhancement of this 

interaction due to exercise was evident in this study as participants’ attention capacity as 

measured by MMSE increased significantly (p < .019), the significant improvements in 

balance and mobility, and decrease in the incidence of falls suggests improved executive 

functioning.  These findings contribute to the body of literature by demonstrating that a 

12-week walk program not only improved functional mobility but also improved 

cognitive function. 

As indicated earlier, there was no significant change in ADL scores.  This 

outcome is most likely due to the variety of variables measured and the duration of the 

treatment.  Along with fine motor skills (e.g., feeding, grooming, dressing [buttons, zips, 

etc.]), body functions (e.g., bowel movement and bladder control) are also sub-categories 

of this assessment instrument.  Furthermore, participants’ scores on ADL sub-category 
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stairs were low due to 13 of the 19 participants using walking aids and the required 

regulatory use of elevators as per facility administrative procedures.  However, as there 

was a 3.9% increase in ADL score and significant change in neural function (cognition 

[MMSE], balance & mobility [BBS & TUG]), one may posit that a greater change in 

ADL score could occur given a longer treatment period. 

Analysis of differences in scores for gender, education, and AD stage resulted in a 

significant outcome for AD stage only.  The lack of statistical significance for gender was 

in line with previous AD research; however, the result for education was at variance with 

current research as level of education is considered an AD risk factor.  This variance may 

be due to study sample size or the small standard deviation for years of education (mean 

= 13.1 ±1.8).  As expected, there was a significant finding regarding stage of AD with 

participants with mild AD having a significant increase in cognitive function when 

compared to those with moderate AD.  This was most likely due to individuals with mild 

AD having less degradation in neural function (sporadic memory lapses & functional 

disturbances) when compared to individuals with moderate AD (major gaps in memory & 

functional capacity). 

The evidence of change in both cognitive and executive function indicates an 

exercise-induced mechanism capable of multifactorial biological effects is evolved in the 

physiological change in neural function.  BDNF is currently the only known peptide that 

has such capabilities, as BDNF, through its impact on neural transmitter modulation, 

protein synthesis, and energy metabolism, influences multiple biochemical pathways, is 
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proven to reverse the degradation of neural functions associated with AD, and is 

enhanced through regular physical activity.   

While no valid assessment was undertaken in this study pertaining to 

psychological influences, it was apparent in review of Program Perception 

Questionnaire that well-being of the participants was enhanced, indicating an increase in 

the quality of life of the participants.  This was evident by participants indicating benefits 

from the walking program were both physical and psychological, stating they “enjoyed 

it…fun…more motivated…move a little better…better balance…energy 

higher…something to get up for…keeps me alert…” Furthermore, when examining 

participants’ fear of falling, only 4 participants had a fear of falling post treatment 

compared to 7 participants at pre-treatment.  It is important to note that while it was not 

possible to control for fluctuations in emotional or motivational states of each participant 

prior to or during the research period, limited interaction occurred between investigator 

and participants while undertaking treatment protocol to minimize external psychological 

influences on the outcomes.  Participants were provided with minor encouragement (i.e., 

only notified the participants that the walking activity was beginning and also given their 

weekly pedometer scores) to complete the walking activity.   

Based on the number of sessions completed and the increase in average steps per 

session, participants were compliant with the intervention.  Of the maximum 36 sessions, 

the average number of sessions walked was 32.6 ±1.9.  While participants walked an 

average of 2040 steps per session as monitored by the pedometers, there was a 42% 

increase in average steps per session during the treatment period (1546 steps in Week 1 to 



 43 
 

 

2198 steps in Week 12).  Reasons for missing sessions as reported by the caregiver or 

institutional staff were primarily regulated by doctor appointments and family 

commitments. 

Summary 

The aim of this research was to examine the effects of exercise in adults with mild 

to moderate AD: specifically the effects of regular walking activity on cognitive function, 

balance, mobility, and ADL persons with probable AD.  The improvements in cognitive 

function, balance, and mobility indicate that the 12-week walking program resulted in 

improvements in neural function.   These improvements may have been due to exercise-

induced modifications in the neural system that enhances neural function, attenuates AD 

symptoms, and delays AD onset.  Exercise-induced BDNF has been proposed to be the 

major mechanism by which enhancement of neural function enhancement is attained.  

This is especially important in that attenuation in BDNF expression occurs in persons 

with AD.  To better understand the interactions between exercise and neural function,  

research should be undertaken to examine the effectiveness of different exercise 

modalities (e.g., specificity, duration, and intensity) in the AD population to ensure 

appropriate exercise programs are prescribed accordingly.   

Decisions on the Hypotheses 

Based on the results of this study, the following decisions on the hypotheses were 

made.   

1. There will be no significant increase in cognitive function in persons with mild to 

moderate AD due to regular aerobic exercise.  Hypothesis 1 was rejected. 
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2. There will be no significant increase in balance and mobility function in persons 

with mild to moderate AD due to regular aerobic exercise.  Hypothesis 2 was 

rejected. 

3. There will be no significant increase in ADL in persons with mild to moderate 

Alzheimer’s disease due to regular aerobic exercise.  Hypothesis 3 was not 

rejected. 

Conclusions 

Based on the results of this study, the following conclusions were made. 

1. Regular aerobic activity improves cognitive function in persons with mild to 

moderate AD as demonstrated by significant change in pre – and post-test scores 

in cognition assessed by MMSE. 

2. Regular aerobic activity improves balance and mobility in persons with mild to 

moderate AD as demonstrated by significant change in pre– and  post-test scores 

assessed by BBS and TUG. 

3. Regular aerobic activity did not improve ADL.  Although there was a small 

improvement in the ADL scores, participants had high pre-test functioning which 

limited the probability of observing a significant difference in ADL.     
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PART 2 

REVIEW OF THE LITERATURE 
 
 

Alzheimer’s Disease 

 First reported in 1907 by Alois Alzheimer, AD is an age-related 

neurodegenerative disorder that progresses across a continuum of severity that leads to 

serious neurological dysfunction and eventually death (Alzheimer’s Association, 2008; 

Perry & Hodges, 1999).  The disturbances associated with AD initially manifest as mild 

cognitive impairment in short-term memory and remembering new information and 

progresses overtime, often decades, to serious disturbances in cognition and executive 

function.  While classified under dementia because of accompanying amnesia, persons 

with AD also exhibit language deterioration, visual/spatial deficits, disturbances in motor 

function, and sensory abnormalities; resulting in progressive decline from higher-level 

ADL through to abnormities in basic activities such as eating, grooming and toileting.  

(Chiappelli et al., 2006; Perry & Hodges, 1999; Studenski et al., 2006) 

Mobility and Alzheimer’s Disease 

A major consequence of AD is the progressive reduction through the stages in 

executive function that affects both fine and gross motor skills and impairs mobility.  

Persons with AD exhibit limited dexterity and deteriorated mobility that manifests as 

deficits in movement coordination, gait apraxia, balance, and an increased susceptibility 

to falls   (Hausdorff et al., 2001; O’Keeffe et al., 1996; Visser, 1983).  Research results 
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indicate frontal gait disorder is the most common gait disturbance associated with AD 

and is characterized by balance impairment, step shortening, greater step-to-step 

variability, and shuffling and hesitation in start and turn movements (O’Keeffe et al., 

2001; Visser, 1983).  Due to deficiencies in mobility, persons with AD have a higher risk 

for falling and suffer more serious injury than healthy aged adults (Persad, Jones, Ashton-

Miller et al., 2008).  A 4-year study showed individuals with AD experienced more falls, 

36%, compared to controls with 11% (Morris, Rubin, Morris et al., 1987). 

Classification of Alzheimer’s Disease 

 AD is often termed Probable AD because clinical diagnosis is difficult and not 

confirmed until a postmortem is performed.  However, the slow progress of the disease 

over time and the recognized patterns of symptom development allows for medical 

diagnosis of the disease without clinical, physiological, confirmation.  Although not 

uniform in all patients, the recognized patterns of AD progression provides a framework 

for classifying the disease using a combination of neuropsychological and function 

assessment instruments (e.g., MMSE, BBS, Barthel Index, TUG, and ADAS [Alzheimer 

Disease Assessment Scale]).  While AD progression can be broken down into seven plus 

categories, the primary classifications are one of three stages, mild, moderate, and severe 

AD.  (Alzheimer’s Association, 2008; Karlawish & Clark, 2003; Kawas, 2003; Perry & 

Hodges, 1999). 

Mild Alzheimer’s Disease 

 Mild AD is characterized by sporadic memory lapses and functional disturbances 

that may be measurable in clinical testing or discernible from observations.  While 
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memory deficits are sporadic in nature, disturbances in motor function may be prevalent 

due to neurological deficits in fine motor control.  Mild AD symptoms are misplacing 

objects, difficulty with remembering names and word finding, loss of concentration, and 

motor function disturbances.  (Bennett et al., 2002; Karlawish & Clark, 2003; Kawas, 

2003) In correlation with clinical diagnosis, persons categorized with mild AD have 

associated MMSE scores that range from 20 to 24 (Karlawish & Clark, 2003). 

Example behaviors. 

1. Recent memory loss – unable to remember just what told to do. 

2. Confusion about places – gets lost on way home 

3. Loses spontaneity – decrease in spark or zest for life 

4. Mood/personality swings – becomes anxious, avoids people 

5. Takes longer to undertake routine chores – bathing/toileting 

6. Trouble doing challenging mental arithmetic – handling money, paying bills 

Moderate Alzheimer’s Disease 

 Moderate AD is characterized by exacerbated mild AD behaviors with major gaps 

in memory and executive function that affect the individual’s capacity to undertake 

normal ADL.  Measurable in clinical testing or discernible from observations, Moderate 

AD patients require fulltime supervision and some assistance with day-to-day activities.  

Moderate AD symptoms are decreased knowledge of recent events and personal history, 

delayed or limited response to environment, incapacity to undertake complex tasks, and 

motor function deficits in walking / balance (Chiapelli et al., 2006; Kawas, 2003).  In 



 48 
 

 

correlation with clinical diagnosis, persons categorized with moderate AD have 

associated MMSE scores that range from 13 to 19 (Karlawish & Clark, 2003). 

Example behaviors. 

1. Memory loss and confusion – shorter attention span, unable to recognize family/ 

friends 

2. Trouble organizing thoughts – cannot find right words 

3. Repetitive statements – repeats question numerous times 

4. Motor problems – difficulty rising from/sitting in chair, walking and dressing 

5. Trouble doing less challenging mental arithmetic – counting items/money 

6. Loss of impulse control – may undress at inappropriate time/place 

Severe Alzheimer’s Disease 

 Severe AD is characterized by severe losses in cognitive and executive function 

that prevents independent function in ADL.  Severe AD symptoms are very limited 

capacity or incapacity to respond to the environment, to communicate effectively, and to 

control movement.  Patients are mostly bedridden, incoherent, and require extensive care.  

(Chiapelli et al., 2006) In correlation with clinical diagnosis, persons categorized with 

severe AD have associated MMSE scores below 13 (Karlawish & Clark, 2003). 

Example behaviors. 

1.  Major difficulty communicating – cannot form sentences or find right word(s) 

2. Unable to recognize family or self – talks to own image as if a stranger 

3. Lose of movement – needs help with eating, bathing, and toileting 

4. Incontinence – bladder and bowel 
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Prevalence of Alzheimer’s Disease 

 Alzheimer’s disease is an age-related neurodegenerative disorder that is 

recognized as the most common form of dementia.  As of 2005, AD accounts for 

approximately 60% of dementia cases in people 65 years of age or over and is the fifth-

leading cause of death in the United States in people aged 65 years and over.  AD affects 

approximately 5.2 million women and men in the United States with 5 million age 65 

years and over and 0.2 million under the age of 65 years.  While it is rare that young 

adults are affected by AD, the risk of developing this debilitating disease increases with 

age: for every 5-year increase in age over the age of 65 years, the percentage of people 

with AD doubles, with AD accounting for approximately 80% of dementia cases in 

people 90 years and over.  Projections indicate that unless ways to efficiently treat or 

prevent the disease are discovered, the AD population in the United States will increase 

to approximately 7.7 million by 2030 and is estimated to reach between 11 and 16 million 

by the year 2050.  These estimations are based on the increase in the aged population due 

to aging baby boomers, increases in life expectancy, advances in medicine and medical 

technology, and social and environmental conditions.  (Alzheimer’s Association, 2008; 

Plassman et al., 2007; Studenski et al., 2006). 

Economic Impact of Alzheimer’s Disease 

 AD is rapidly becoming a major economic concern as the AD population is 

increasing and the costs in caring for persons with AD escalate (Lewin, 2004).  Medicare 

costs to Alzheimer’s beneficiaries alone are expected to increase from $91 billion (2005 

data) to $160 billion in 2010 and $1,049 billion by the year 2050 (Lewin, 2004).  Not 
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included in these figures are the cost to individual caregivers (e.g., lost income and out of 

pocket expenditure for health care, travel, etc) and the indirect losses to business (e.g., 

caregiver absenteeism, lost productivity, replacement cost, etc) (Alzheimer’s Association, 

2008; Koppel, 2002).  In addition to Medicare costs, the cost for the unpaid care of 

individual caregivers was estimated at $89 billion in 2007, with nursing home care and 

losses to business estimated at $21 billion and $36.5 billion, respectively (Alzheimer’s 

Association, 2008; Lewin, 2004; Koppel, 2002) These forecasts, coupled to the fact that 

the aged adult population (> 65 years) is increasing dramatically, incidents of AD are 

rising, and current medical interventions do not prevent or attenuate the disease, indicate 

AD is rapidly becoming a major economic concern in the United States. 

Risk Factors Associated with Alzheimer’s Disease 

 The exact cause of AD is unknown because of multifactorial biological influences 

and the slow progression of AD onset.  Aging is recognized as the primary risk factor; 

however, genetics, sedentary lifestyle, obesity, head trauma, heavy metals, and toxins are 

recognized as AD risk factors as is years of education.  (Felician & Sandson, 1999; 

Forsyth & Ritzline, 1998; Rydwik et al., 2004).  While it is not clear what initiates AD, it 

is clear that AD risk factors are reduced in individuals who lead a physically active 

lifestyle and / or have more, rather than less, years of education and are less susceptible to 

AD than those who are sedentary and have less years of education (Larson et al., 2006; 

Lautenschlager, Cox, Flicker et al., 2008; Plassman et al., 2007; Rolland et al., 2007). 
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Age 

 Aging is recognized as the primary risk factor for AD due to the multifactorial 

biological influences that are associated with aging.  These age-related biological 

influences, enhanced by a sedentary lifestyle, lead to multiple physiological cascade 

effects from which any one can lead to cellular dysfunction and apoptosis.  In the aging 

brain these changes affect metabolic processes and signaling pathways (e.g., 

neurotransmitter modulation, protein synthesis and energy metabolism) that can cause 

neural dysfunction and, therefore, the onset of AD.  Two major contributors to this 

decline are oxidative stress and obesity; each influencing cellular function that causes 

dynamic changes in both energy metabolism and neurohumeral control mechanisms.  

Both oxidative stress and obesity elicit pathological manifestations that expedite neural 

dysfunction and are recognized as precursors to neural degradation and the formation of 

neuritic plaque and neurofibrillary tangles; both major physiological manifestations 

apparent in all AD cases  (Felician & Sandson, 1999; Mattson, 2002; Yankner, 1996).   

Along with the multifactorial biological age changes, evidence that age is a major 

AD risk factor is supported by the AD population age distribution.  In the United States, 

one-in-eight (12.5%) persons aged 65 years and over have AD with approximately 96.2% 

(5 million) of the AD population aged 65 years and over compared to 3.8% (0.2 million) 

below the age of 65 years with AD.  Also evident is that the risk of AD increases 

exponentially with age. 

1. For every 5-year increase in age over the age of 65 years, the percentage of people 

with AD doubles. 
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2. Incidents of AD increase to approximately 80% of dementia cases in people 90 

years and over compared to only 47% in persons between 71 and 79 years of age 

(Alzheimer’s Association, 2008; Plassman et al., 2007).   

Genetic Predisposition 

 While most AD cases are classified as sporadic, approximately 5 % of AD cases 

are due to genetic mutations resulting in familial AD.  Individuals with a first-degree 

family history of AD are at greater risk to the disease with a 4-fold risk factor if one 

relative has AD and increasing to 40 times if 2 or more relatives have AD (Forsyth & 

Ritzline, 1998; Yaari & Corey-Bloom, 2007) Familial cases of AD are primarily 

associated with mutations to chromosomes 1, 14, 21 (early-onset: AD patients below 65 

years of age) and 19 (late-onset: AD patients 65 years of age or older); however, it is not 

known whether these mutations cause AD or increase susceptibility to the disease.  What 

is known is that these chromosomes mediate ß-amyloid peptide expression via their 

respective amyloid protein precursors (chromosomes 1 – presenilin 2; chromosomes 14 – 

presenilin 1; chromosome 19 - apolipoprotein E; chromosome 21 – amyloid protein 

precursor) and that mutations to any one of these chromosomes increases ß-amyloid 

levels significantly (Forsyth & Ritzline, 1998; Selkoe, 1996; Yaari & Corey-Bloom, 

2007) 

 A high AD risk factor and the primary cause of familial AD is the inheritance of 

apolipoprotien E-e4 (APOE-e4) on chromosome 19.  While everyone inherits one form 

of apolipoprotein allele (APOE- 2, 3 or 4) from parent, inheritance of one APOE-e4 

increases the risk of AD with inheritance of APOE-e4 from each parent increasing the 
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risk further (Alzheimer’s Association, 2008; Yankner, 1996).  Primarily occurring later in 

life, APOE-e4 is thought to promote ß-amyloid aggregation, initiate mutations to Tau, 

and cause mitochondria dysfunction (Felican & Sandson, 1999; Forsyth & Ritzline, 

1998).  Although the influence of APOE-e4 genotype on AD susceptibility is unclear, the 

significance of APOE-e4 is its association with the expression of the insoluble form of ß-

amyloid, which is thought to lead to the aggregation of ß-amyloid and eventually the 

formation of neuritic plaque.  Another likely association posited is that APOE-e4 coded 

apolipoprotein E, a lipoprotein involved in cholesterol metabolism, may also cause 

mitochondria dysfunction and intracellular calcium imbalances via its role in 

mitochondria metabolism (Felican & Sandson, 1999; Forsyth & Ritzline, 1998; Mattson 

et al., 2002; Selkoe, 1996) 

Gender and Ethnicity 

 While results of early studies in the United States indicated that women and 

African-Americans have a higher frequency of AD than Caucasian males, recent analysis 

of research data show that this information is distorted.  Meta-analysis of research data 

indicate (a)  the greater percentage of women with AD compared to men (16% women, 

11% men) is due to the fact that, on average, women live longer than men, thus 

increasing the time over which they can develop AD and (b) there is no significant 

difference in African-American AD population, when age, gender, and years of education 

factors are controlled  (Fillenbaum et al., 1998; Hebert et al., 2001; Plassman et al., 

2007). 
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Sedentary Lifestyle 

 A sedentary lifestyle is posited as an AD risk factor due to the decline over time 

of primary health considerations, cardiovascular function and energy metabolism.  

Decline in these systems affects cellular function and eventually leads to cell death 

(Larson et al., 2006).  Along with research results that confirm a sedentary life style is a 

major risk factor for numerous pathologies (e.g., diabetes, hypertension and myocardial 

ischemia), researchers have shown regular exercise such as walking decreases these risk 

factors and increases both physical and mental function.  Results from research in persons 

65 years and over who were physically active indicated reduced incidences of dementia, 

higher levels of cognitive function, and an enhanced capacity to undertake ADL 

compared to sedentary aged individuals  (Cummings, 2004; Larson et al., 2006; 

Scarmeas, Levy, Tang, Manly, & Stern, 2001) Unfortunately, the prevalence of sedentary 

lifestyle in the aging adult is evident in research data that shows physical activity declines 

over time with only 39% of persons 65 years and over physically active compared to 

59.6% in young adults 18 to 24 yrs of age (Haskell et al., 2007). 

 Numerous studies provide evidence to support the correlation between sedentary 

lifestyle and AD.  A self-report study in persons who exercised a minimum of 15 

minutes, 3 times per week, over a period of 6.2 years had significantly less incidents of 

dementia compared to those who did not exercise: 13 per 1,000 person-years and 19.7 per 

1,000 person-years, respectively (Larson et al., 2006).  Results of a one-year study of 

nursing home residents with AD who exercised (combined aerobic, strength, balance, and 

flexibility exercises) 1-hr 2 times per week, indicated participants who exercised had a 
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slower decline in ADL scores when compared to the control group who received only 

routine medical care (Rolland et al., 2007).  Furthermore, in studying the effects of 

exercise over time on cognitive function using the ADAS-Cog, researchers found 

significant differences in participants who exercised regularly compared to controls who 

did not exercise.  Along with a 1.3 points differential on the ADAS-Cog (1-70 scale) 

between exercise group and control group, participants who completed a 50-min per day, 

3 times per week, 24-month exercise program improved 0.26 points while the sedentary 

control group experienced a decline of 1.04 points; thus indicating a sedentary lifestyle 

may have a casual effect on cognitive decline ((Lautenschlager et al., 2008). 

Obesity 

 Obesity is a common risk factor that is a significant contributor to neuronal 

dysfunction and apoptosis.  Although commonly associated with cardiovascular disease 

and exercise intolerance, the physiological effects of obesity are wide spread and are 

recognized contributors to diabetes, cardiovascular disease, and neurological disorders 

such as dementia, Alzheimer’s and Parkinson’s disease, schizophrenia, and depression 

(Fishel et al., 2005; Kivipelto et al., 2005).  Research results indicate that obesity brought 

on by diet and a sedentary life style influence cellular function and causes dynamic 

changes in both energy metabolism and neurohumeral control mechanisms.  There is a 

cause and effect relationship between obesity and the metabolic syndrome, which is 

characterized by dyslipidemia, hypertension, glucose intolerance, and insulin resistance.  

Each element of the metabolic syndrome is recognized as a risk factor for AD onset.   
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Individually, each increases the likelihood of AD onset 2-fold; collectively, they increase 

the risk factor for AD 6-fold  (Balakrishnan et al., 2005; Kivipelto et al., 2005; Razay, 

Vreugdenhil, & Wilcock, 2006). 

 The primary biochemical manifestations of obesity are continuous variables, not 

dichotomous, as the diverse and complex metabolic cascade effects are often cyclic 

causations in nature.  An example of this cyclic causation is the influence adipocyte 

signaling mechanisms and circulating lipids have on insulin-mediated neuronal glucose 

uptake.  Research results indicate abnormal accumulation of triglycerides cause inhibition 

of insulin receptor signaling mechanisms resulting in cellular resistance to insulin-

mediated uptake of glucose.  Although insulin resistance results in compensatory 

hyperinsulinemia and high blood glucose levels, insulin resistance and glucose 

intolerance increases.  This inhibition of glucose uptake causes a decline in ATP 

production thus further impacting energy imbalance and expediting cellular dysfunction, 

the end result being modified protein synthesis, lipid membrane degradation, intracellular 

calcium imbalances, mitochondria dysfunction, and DNA mutations (Balakrishnan et al., 

2005; Fishel et al., 2005; Razay et al., 2006) Furthermore, hyperinsulinemia exacerbates 

inflammation and the release of cytokines and tumor necrosis factor (TNF-α), both 

known to promote the release of ß-amyloid, a peptide that is associated with AD.  This 

cascade illustrates the self-perpetuating, cyclic phenomenon, as inflammation and the 

associated cytokines and TNF-α increase ß-amyloid expression, which in turn enhances 

the inflammation process  (Felican & Sandson, 1999; Kivipelto et al., 2005; Razay et al., 

2006)  
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Oxidative Stress 

 A product of imbalances between metabolic production of free radicals and 

endogenous antioxidant mechanisms, oxidative stress is considered a significant 

contributor to aging mechanisms and the onset of neurological disease (Lee & Wei, 

2002).  Primarily a product of oxidative phosphorylation and mitochondrial ATP 

production, excessive concentrations of oxygen-derived free radicals, collectively termed 

reactive oxygen species (ROS), cause biochemical imbalances that are detrimental to 

cellular function.  Although ROS play an important role in cellular function (e.g., Nitric 

oxide mediates arterial dilation) and are secondary messengers for specific transcription 

factors (e.g., NF-kB and AP-1 synthesis), ROS cause damage to cellular function by 

degrading cellular lipids, modifying protein synthesis and triggering DNA mutations  

(Lee & Wei, 2002; de Leiris, 2003; Yankner, 1996). 

 One pathway in which ROS is associated with morphological/pathological 

processes is via the mitochondria.  Research results indicate mitochondria are prime 

targets for free radical attacks because of their multifunctional role in cellular activity 

(e.g., ATP production, intracellular calcium regulation, protein synthesis, and gene 

regulation (Lee & Wei, 2002; Yankner, 1996).  ROS direct effects on mitochondria are 

carbonyl modification of proteins, lipid perioxidation and mutations in DNA.  These 

modifications affect mitochondria respiration and oxidative phosphorylation, thus 

causing a decline in energy metabolism.  Along with the decline in energy production, 

mitochondrial role in regulating calcium is also affected, causing an imbalance in 

intracellular calcium.  Substantial evidence supports a cause-effect relationship between 
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altered calcium homeostasis and cellular degradation that eventually leads to apoptosis  

(Lee & Wei, 2002; Mattson, 2002; Yankner, 1996).   Because of their susceptibility to 

ROS damage and to morphological/pathological degradation over time, mitochondria are 

now recognized as the primary inherent control mechanism in the aging process. 

 As with other tissue, neural cells are susceptible to oxidative stress that results in 

cellular dysfunction and eventually apoptosis.  Research results posit ROS induced 

cellular dysfunction also modulates electrical characteristics of nerve cells by modifying 

membrane pore functions thus effecting ion homeostasis (Mahalingam & Fedorff, 2003).  

This imbalance, along with the accumulation of damaged molecules (e.g., proteins, 

nucleic acids, and lipids) and heavy metals (e.g., aluminum and zinc), and the 

accompanying inflammation cause deficits in neural function that are synonymous with 

dementia and are thought to lead to neuronal plaques and neurofibrillary tangles, thus AD 

(Cummings, 2004; Forsyth & Ritzline, 1998; Mattson et al., 2002). 

Education Level 

 Research into the prevalence of AD shows an inverse relationship between the 

number of years of education and the risk of AD.  One study found that people with less 

than 12 years of education had a 15% greater risk of AD compared to those with 12-15 

years education and 35% greater risk compared to people with more than 15 years of 

education (Kukull, Higdon, Bowen et al., 2002).  While it is unclear as to why fewer 

years of education is a risk factor, the leading hypothesis is that having more years of 

education provides a “cognitive reserve” which allows the person to compensate for the 

decline in neural function thus delaying the onset of AD symptoms.  This cognitive 
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reserve is thought to be due to positive effects of early education on cerebral and 

cognitive development with more years of education increasing the reserve capacity 

(Amieva et al., 2005; Kukull et al., 2002; Scarmeas et al., 2001). 

Pathophysiology of Alzheimer’s Disease 

 Autopsies of donors with AD and subsequent research indicate a cause and effect 

relationship between abnormal levels of neuritic plaque found in the AD brain and neural 

dysfunction, positing the formation of neuritic plaque as the major pathophysiological 

characteristic of AD.  While the exact cause of AD is unknown, this prominent 

hypothesis, amyloid cascade hypothesis, is supported by research that indicates neuritic 

plaque, formed by ß-amyloid peptide aggregation, may be the initial event in the etiology 

and pathogenesis of AD, with other characteristics (e.g., cholinergic deficiency, synaptic 

degradation, and metabolic and immune impairment) associated with AD following ß-

amyloid aggregation  (Felician & Sandson, 1999; Mattson et al., 2002; Yankner 96). 

Amyloid Cascade Hypothesis 

 The amyloid cascade hypothesis is strongly supported by research that indicates 

abnormal aggregation of ß-amyloid causes both direct and indirect neurotoxic effects that 

lead to numerous pathologic events associated with AD (Felician & Sandson, 1999; 

Jalbert et al., 2008; Mattson et al., 2002).  A primary direct effect of ß-amyloid 

aggregation is an increase in ROS, which induces lipid perioxidation and impairs the 

function of ion-motive ATPases (sodium and calcium pump proteins), glucose transport 

proteins, and GTP-binding proteins.  ß-amyloid aggregation also impairs glutamate 

transport, which disrupts neurotransmitter signaling, destabilizes cellular Calcium 
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homeostasis, and initiates the formation of Tau based neurofibrillary tangles.  A ß-

amyloid direct assault on mitochondria is also evident in post mortem analysis of brain 

tissue that show upregulation of Par-4, Bax, and tumor suppressor protein p53, all ß-

amyloid stimulated apoptotic proteins associated with mitochondrial dysfunction 

(Mattson et al., 2002).   Along with the direct effects on cellular function, excessive ß-

amyloid triggers non-immune-mediated, chronic, inflammation causing microglial cell 

release of proinflammatory cytokines, ROS, and protolytic enzymes that further 

exacerbate neuronal damage (Felican & Sandson, 1999; Jalbert et al, 2008).  The amyloid 

cascade hypothesis is further evidenced by the self-perpetuation of ß-amyloid via the ß-

amyloid-induced increase in intracellular calcium, which in turn increases ß-amyloid 

production.  ß-amyloid also binds to p75 receptor, a neurotrophic receptor associated with 

inhibiting ß-amyloid expression via neurotrophic mediation.  Furthermore, the ß-amyloid 

– ROS induced intracellular hypercalcaemia state renders cells vulnerable to 

excitotoxicity, triggering apoptosis  (Canossa, Giordano, Cappello, Guarnieri, & Ferri, 

2001; Jalbert et al., 2008). 

 Variants of ß-amyloid (39 to 43 amino acids) are produced under normal 

metabolic conditions from amyloid precursor protein (APP), a membrane glycoprotein.  

While not fully understood, this process appears to be regulated by calcium via protein 

Kinase C activation, with APP undergoing proteolytic cleavage by an unidentified 

protease, termed α-secretase.  Additional cleavage by ß and γ-secretases may also occur 

as APP is cycled by endosome-lysosomes via endocytic routes resulting in the production 

and release of additional ß-amyloid in the long-form (42 amino acid).  Expressed in the 
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long-form, ß-amyloid-42 immediately self-aggregates and forms insoluble neuritic 

plaques in distal dendrites and postsynaptic compartments of pyramidal neurons.  The 

distribution of ß-amyloid is throughout the depth of the cortex with aggregation foremost 

in levels II and III (Felician & Sandson, 1999; Klafki et al., 2006). 

Alternative Hypothesis 

 An alternative hypothesis for AD onset, neurofibrillary tangles, is based on 

hyperphosphorylation of the Tau protein that leads to increased somatodentric 

accumulation of Tau and the formation of neurofibrillary tangles.  While normal levels of 

Tau stabilize microtubules and aid in protein/vessel transportation, hyperphosphorylation 

of this protein results in paired helical filaments that cause disassociation of microtubules 

and the formation of neurofibrillary tangles, leading to deficits in neurotransmitters and 

eventually apoptosis (Jalbert et al., 2008; Mattson et al., 2003).  Although neurofibrillary 

tangles play a major role in the progression of AD, research results indicate aberrant 

hyperphosphorylation of Tau protein is initiated by ß-amyloid-42 induced MAP-K/ERK 

I/2 signaling pathway, indicating neurofibrillary tangles are a secondary effect, not a  

primary AD trigger.  This evidence, along with Tau alterations being spatially associated 

with intraneuronal ß-amyloid accumulation, appears to refute the neurofibrillary tangle 

hypothesis as the leading cause of AD (Busciglio et al., 1995; Mattson et al., 2003; 

Takahashi, Capetillo, Lin, Milner, & Gouras, 2008). 

Treatment of Alzheimer’s Disease 

Currently, there are no treatments available that can cure or permanently arrest the 

onset of AD.  Due to the mutlifactorial physiological influences associated with the 
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disease, the time course of disease onset, and the difficulty of assessing the biochemistry 

of the disease, successful treatment of AD continues to be a challenge.  An additional 

confounding factor to researching / developing treatments is non-invasive assessment 

(e.g., PET, MRI, CT) of AD pathophysiology in human subjects is very limited and yet to 

be proven valid.  Furthermore, cerebrospinal fluid and plasma biomarkers such as Tau, ß-

amyloid fragments, and APOE also provide insufficient evidence to identify AD onset.  

Consequently, clinical diagnosis of treatment effects on the disease in humans is based 

primarily on a symptomatic approach with treatment success symptomatic depended, not 

confirmed by biochemical outcomes  (Jalbert et al., 2008; Chiappelli et al., 2006; Price et 

al., 2005).  While current treatments include homeopathic therapy, pharmaceuticals are 

currently the prominent therapy for AD with treatments based on two approaches, (a) 

symptomatic approach based on enhancement of neurotransmitter systems and (b) 

neuroprotective strategies using antioxidants to limit oxidative particle production and 

ROS effects (Downey, 2008; Yaari & Corey-Bloom, 2007). 

Neurotransmitter Modulation 

Pharmaceutical therapies targeting neurotransmitter modulation are based on 

research results that show a decline in cholinergic activation and an increase in 

glutamanergic activity are associated with neural dysfunction in AD.  While limited in 

their affect on AD advancement, pharmacological treatments targeting these areas have 

been, and continue, to be developed with mixed results.  Positive treatment outcome are a 

2 to 12-month delay in AD symptom progression; however, negative side effects such as 

gastrointestinal distress, headaches, bradycardia, syncope, insomnia, hallucinations, and 
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muscle cramps are common and often negate the benefits of the treatment.   (Kawas, 

2003; Klafki et al., 2006; Yaari & Corey-Bloom, 2007). 

Cholinergic Activation 

Cholinergic activation is primarily base on enhancing the neurotransmitter, 

acetylcholine (Ach), which plays a major role in cognition and executive function and is 

deficient in the AD brain.  Enhancement of Ach is through the use of cholinesterase 

inhibiting drugs that reduce hydrolytic activity of acetylcholinesterase, thus reducing Ach 

metabolism and enhancing Ach activity at cholinergic synapses (Yaari & Corey-Bloom, 

2007).  Researchers show AD patients treated with cholinesterase inhibitors demonstrate 

measurable effects on cognition, behavior, and ADL when compared to non-treated AD 

patients.  Although modest effects occur, research results indicate treated subjects 

reached the end points, deficits in ADL and institutionalization, 9 to 12 month later than 

non-treated controls  (Downey, 2008; Kawas, 2003; Yaari & Corey-Bloom, 2007).   

However, clinical trials with 2000 subjects also indicated that only 20% to 30% of those 

treated showed improvement in cognition using ADAS-Cog score compared to control 

group (Daly, 1999).  Currently, the primary cholinesterase inhibitors in use today are 

Tacrine (Cognex ®) and Donepezil (Aricept ®), with clinical trials underway using 

Rivastigmine (Exelen ®), and Galantamine (Razadyne ®), also acetylcholinesterase 

inhibitors.  While these drugs appear to provide some symptom relief in mild and 

moderate AD, their effect is not exhibited in all AD patients as indicated and their use is 

limited due to the side effects that are believed to be recipient / dose-dependent (Downey, 

2008).  Side effects of these inhibitors are nausea, gastrointestinal distress, diarrhea, 
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bradycardia, syncope, insomnia, vivid dreams, and muscle cramps; with case reports of 

difficulty swallowing and esophageal rupture (Downey, 2008; Yaari & Corey-Bloom, 

2007).  Along with concerns regarding side effects, controversy continues on the use of 

cholinergic inhibitors for mild AD as research results also posit that Ach activity is not 

reduced in mild AD, and may in fact be up regulated in early AD onset (Klafki et al., 

2006).   

Glutamanergic Inhibition 

Glutamate, a primary excitatory neurotransmitter in the CNS, is associated with 

ionotropic activity that controls intracellular calcium levels and influences neuronal 

homeostasis.  Excessive glutamate activation of NMDA-receptors, as occurs in the AD 

brain, initiates ionotropic responses that lead to hypercalcaemia.  This hypercalcaemia 

state causes excitotoxicity, leading to neural degradation and apoptosis.  A recently 

approved pharmaceutical treatment for this pathology utilizes NMDA-receptor 

antagonists Memamtine ((Nameda ®), an antagonist with moderate receptor affinity that 

protects neurons by decreasing NMDA-receptor activation while maintaining the 

physiological integrity of the receptor  (Klafki et al., 2006; Yaari & Corey-Bloom, 2007).   

Used for treatment in moderate to severe case of AD, Memantine is reported as being 

well tolerated, but may cause dizziness and headaches, and although uncommon, 

psycholetic side effects such as hallucinations and confusion (Yaari & Corey-Bloom, 

2007). 
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Antioxidants 

Neuroprotective strategies focus on limiting oxidative stress through the use of 

antioxidants to limit oxidative particle production and ROS effects.  Primary antioxidant 

agents under study are vitamin E and selegiline, with trials indicating these agents may 

have a mild effect on slowing the progression of AD.  However, the consensus from these 

trials is that the evidence for using vitamin E and selegiline, a monoamine oxidase-B 

inhibitor, as AD treatments is insufficient to support their use.  Outcomes of trials show 

only mild changes in symptoms and short-term effects (Downey, 2008; Kawas, 2003; 

Yaari & Corey-Bloom, 2007).  Researchers have also studied herbal treatment using 

Ginkgo biloba due to its antioxidant effects as a free radical scavenger, yet once again, 

evidence as a treatment for AD is inconclusive (Downey, 2008; Yaari & Corey-Bloom, 

2007). 

Other Treatment Options 

The diverse exploration of AD treatments parallels the multifactoral physiological 

influences of AD.  Along with current pharmaceutical therapies based on 

neurotransmitter modulation, other therapies under investigator are hormone, anti-

inflammatory, neuropsychiatric and neurotrophic factors.  Additional therapies such as 

immunology and homeopathic therapy are also being explored; however, results from the 

limited research undertaken to-date with these therapies are inconclusive. 

Hormone 

Hormone treatment for AD is focused on replacement therapies specific to 

estrogen due to the correlation between low estrogen levels and high levels of ß-amyloid.  



 66 
 

 

Along with AD brain autopsy findings, researchers using APP transgenic mice found 

estrogen decreased ß-amyloid levels by 27% to 38% (Levin-Allerhand, Lominska, Wang, 

& Smith, 2002; Mulnard et al., 2003).  However, while the protective effects of estrogen 

are believed to be through effects in blood flow and neurotrophic actions, the evidence is 

not conclusive as most studies are base on retrospective reports and have confounding 

variable such as replacement strategies and lifestyle.  Furthermore, recent research 

outcomes indicate estrogen may in fact increase the risk of dementia type disorders, 

including AD (Downey, 2008; Kawas, 2003; Mulnard et al., 2003) 

Anti-inflammatory Drugs 

Pathology examinations of AD brains indicate the presence of inflammation in 

affected areas of the brain; therefore, anti-inflammatory drugs (e.g., declofenac, 

ibuprofen, & naproxen) are being investigated as AD treatments.  The anti-inflammatory 

premise is based on physiological findings that show inflammation is associated with 

neural degradation and possibly the over expression of ß-amyloid-42.  Currently the jury 

is out on the benefits of anti-inflammatory treatments as research has yet to provide 

sufficient evidence to support their use in attenuating risk factors associated with AD 

(Downey, 2008; Kalfki et al., 2006). 

Neuropsychiatric. 

The presence of neuropsychotic behavior in AD patients has lead to the 

exploration of treating AD with antipsychotic, antidepressant and anticonvulsive drugs.  

However, meta-analysis of trials utilizing these therapies indicates the adverse effects of 

these drugs outweigh the limited benefits to AD patients.  While trials show modest relief 
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of symptoms, the considerable risk of adverse effects has resulted in no medications 

currently approved by the US Food and Drug Administration for dementia-related 

neuropsychiatric symptoms (Jalbert et al., 2008). 

Neurotropic Factors 

 Neurotrophic factors are recognized as important mediators in neural function.  

However, due to limited research and the functional complexity of these peptides, the use 

of these tropic factors in treating AD has yet to be fully developed.  Fortunately, resent 

research has identified BDNF as a potential mechanism to combat AD (Chiapelli et al., 

2006; Mattson, 2002).  While numerous neurotrophin are associated with neural function, 

BDNF is recognized as the prominent neurotrophic peptide with multifactorial influences 

on maintaining neuronal homeostasis.  Although primarily recognized for its role in 

neural plasticity and long-term potentiation, BDNF attenuates most determinants of 

aging, thus protecting the brain against aging insults and AD risk factors.  BDNF is 

posited to play an important role in attenuating AD onset via its role in mediating AD risk 

factors such as ROS and obesity and attenuating ß-amyloid aggregation.  With both 

autocrine and paracrine capabilities, BDNF mediates metabolic processes including 

oxidative stress (intracellular Ca++), neurotransmitter modulation (Cholinergic, 

Glutamate / NMDA and Ca++), protein synthesis (ß-Amyloid, trkB & NMDA receptors), 

and energy metabolism (Glucose uptake via GLUT 1 & 3 and mitochondria activity) (Li 

et al., 2000; Mattson et al., 2002; Studenski et al., 2006; Tyler et al., 2002).  Because of 

its multiple autocrine / paracrine effects, BDNF is able to self-perpetuate, thus 

maintaining BDNF expression over long periods of time (Lu, 2003). 
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BDNF Mediation 

 BDNF synthesis is activity-dependent and is primarily initiated by NMDA (N-

Methyl-D-aspartate) and GABA-A (Gamma-aminobutyric acid) receptors through their 

neurotransmitters glutamate and GABA, respectively [e.g., BDNF > Glutamate > N-

methyl-D-aspartate receptor (NMDA-R) > BDNF mRNA > BDNF] (Carro et al., 2001; 

Tyler et al., 2002).  Enhancement of BDNF synthesis is furthered by the self-perpetuating 

loop in which BDNF-induced receptor Trk-B (High affinity to BDNF) and receptor p75 

(low affinity to BDNF) phosphorylation maintains/increases BDNF activation over long 

periods of time (e.g., BDNF > Trk-B > CaMKIV > CREB > BDNF mRNA).  This self-

perpetuating loop helps to explain the elevated levels of BDNF present over long periods 

of time, upward of 6+ hours (Cotman & Engesser, 2002; Mattson et al., 2002; Vaynman 

et al., 2003).  An additional stimulant to BDNF synthesis is thought to be via insulin-like 

growth factor I (IGF-I) whereby the uptake of circulating IGF-I by neurons increases 

BDNF synthesis (Carro et al., 2001; Cotman 2002).  While the process is not clearly 

understood, research results from exercised rats indicate neural BDNF levels are 

increased in relation to increases in circulating IGF-I and neuronal uptake of IGF-I.  

These studies also indicate sedentary animals have reduced neural uptake of IGF-I and 

significantly lower levels of BDNF compared to exercised animals (Carro et al., 2001; 

Trejo et al., 2001).   Additional research indicates levels of molecules that have a 

recognized association with BDNF [synapsin I, synaptotagmin and syntaxin (synaptic 

trafficking); CaM-KII, MAP-K/ERK I & II, and PKC (signaling transduction pathways); 

CREB (cAMP response-element-binding protein - transcription regulator), NMDAAR- 
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2A and NMDAR-2B (glutamatergic system)] are also increased when BDNF levels are 

up regulated  (Molteni et al., 2002; Neeper, 1996; Tyler et al., 2002; Vaynman et al., 

2003). 

BDNF Signaling Pathways 

 BDNF synthesis triggers multiple intracellular signaling pathways through 

protein-protein actions.  Primarily through cAMP signal-transduction cascade and 

gating of Trk-B phosphorylation pathways that promote protein synthesis, inhibit cell 

stress, and increase synaptic strength.  Prominent pathways are MAPK, P13K, and 

PLC-ץ (Burkhalter, Fiumelli, Allaman, Chatton, & Martin, 2003; Lu, 2003; Mattson 

et al., 2002).  As well as enhancing presynaptic protein channel synthesis, BDNF also 

enhances quantal release of neurotransmitters by modulating synaptic vesicle 

mobilization and increasing vesicle docking via BDNF-mediated synapsin 1 (Tyler et 

al., 2002).  While BDNF remains the prominent control mechanism for synaptic 

stability and is self-regulating, it is also associated with NO/cGMP/protein kinase G 

pathway and acetylcholine mediated mechanisms.  These regulatory pathways are 

thought to complement BDNF in facilitating a regulatory signaling mechanism that 

fine tunes both stimulatory and inhibitory signals and in providing mediated tonic 

baseline of BDNF.  (Lu, 2003; Mattson et al., 2002; Tyler et al., 2002) 

BDNF and Energy Metabolism 

 BDNF mediates neuronal energy metabolism by controlling cerebral blood flow, 

blood glucose levels, and stimulating glucose utilization (Anderson & Nedergaard, 

2003; Carro et al., 2001; Mattson et al., 2002).  Research results indicate BDNF up 

regulates the neuronal glucose transporter GLUT3 and has an upstream effect on the 



 70 
 

 

blood-brain barrier glucose transporter GLUT1.  While the regulatory effect of BDNF 

on GLUT1 is unclear, evidence indicates there is a correlation between this glucose 

transporter, IGF-I, and BDNF.  Indications are BDNF increases circulating glucose 

and IGF-1 via SNS stimulation and directly mediates GLUT1 activation, resulting in 

increased neuronal glucose uptake.  Results from animal research show increased 

circulating IGF-I and neuronal uptake of glucose correlates with increased levels of 

BDNF and, conversely, reduced levels of BDNF results in significantly lower levels 

of circulating IGF-I and glucose uptake (Carro et al., 2001; Hoyer, 2002; Schwarz et 

al., 1996; Trejo et al., 2001).  BDNF influence on peripheral metabolism is via 

mediation of the SNS, resulting in increased gluconeogenesis and glycogenolysis in 

liver, glucose uptake in muscle, and adipose glucose uptake (Lu, 2003; Mattson et al., 

2002; Tyler et al., 2002).   

BDNF and ß-Amyloid Regulation 

 As a regulatory factor, BDNF plays a major role in ß-amyloid synthesis and 

function via it’s associated molecular processes that maintain cellular homeostasis, 

primarily through signaling transduction pathways (CaM-KII, MAP-K/ERK I & II, and 

PKC) and transcription regulator CREB.  While not fully understood, regulation of 

intracellular calcium levels and the maintenance of energy metabolism by BDNF are 

believed to be the primary factors in controlling ß-amyloid synthesis.  These associations 

are supported by research results that show hypercalcaemia and low ATP levels correlate 

with low levels of BDNF (Jalbert eta al, 2008; Mattson et al., 2002).   ß-amyloid 

regulation is also thought to be associated with BDNF’s mediation of ROS and adipose 
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effects that influence expression of ß-amyloid, thus decreasing their effect on cellular 

dysfunction and ß-amyloid aggregation (Lu, 2003; Vaynman et al., 2003).  Research 

results posit a correlation between BDNF levels and oxidative stress mediation with high 

levels of BDNF resulting in low levels of ROS.  This relationship is also evident between 

BDNF and adipose influences with BDNF mediating glucose uptake, energy metabolism, 

and dietary factors such as hyperphagia behavior (Canossa et al., 2001; Tsuchida et al., 

2001). 

 Additional evidence of the correlation between BDNF levels and ß-amyloid 

expression are provided by research results that show inverse relationships between 

BDNF and ß-amyloid.   

1. Postmortem assays show ß-amyloid levels are increased and BDNF mRNA 

decreased in persons with AD when compared to control donors indicating low 

levels of BDNF in AD affected brains (Chiapelli et al., 2006). 

2. Assay results indicate ß-amyloid may inhibit BDNF expression, as low levels of 

BDNF are associated with high affinity of ß-amyloid to p75 receptor, a BDNF 

receptor that initiates numerous cascade effects.  This effect may be exacerbated 

by the decline in BDNF / TrK-B through aging and age associated stress factors 

(Croll et al., 1998; Felician & Sandson, 1999; Mattson et al., 2002). 

3. Research outcomes show ß-amyloid is increased and BDNF decreased in AD 

transgenic mice when compared to aged-matched controls.  This inverse 

relationship is reversed as ß-amyloid levels decline in these animals when injected 

with BDNF (Burbach et al., 2004; Croll et al., 1998).  Furthermore, BDNF 
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injected rats and primates (monkeys) experienced significantly attenuated 

cognitive decline with outcomes being reversed synaptic loss, improved cell 

signaling, and restored learning and memory (Nagahara et al., 2008).   

4. Converse to BDNF effects, research outcomes show excessive ß-amyloid triggers 

non-immune-mediated, chronic, inflammation causing microglial cell release of 

proinflammatory cytokines, ROS, and protolytic enzymes that further exacerbate 

neuronal damage (Canossa et al., 2001; Jalbert et al., 2008). 

Exercise-Induced BDNF 

Along with the biochemical activation of BDNF, researchers using animals show 

that exercise also induces neuronal BDNF expression with increased levels of BDNF 

sustained for 6+ hours after exercise.  Using assayed levels of BDNF mRNA as the 

indicator of BDNF expression, aerobic exercised rats exhibited increases of 30% to 40% 

in BDNF mRNA compared to non-exercised animals.  The increase in BDNF mRNA is 

evident after 2 nights of voluntary wheel running with the exercise response sustained as 

long as the exercise regime continued.  Researchers also found BDNF mRNA levels vary 

depending upon location with increases of 30, 35, 40% in the cerebellum, cerebral cortex, 

and hippocampus, respectively (Cotman & Berchtold, 2002; Neeper et al., 1996).  

Furthermore, along with BDNF being the only neurotrophic factor that was consistently 

up regulated during exercise, molecules that have a recognized association with BDNF 

and its effects (synaptic trafficking – synapsin I, synaptotagmin and syntaxin; signaling 

transduction pathways – CaM-KII, MAP-K/ERK I & II, and PKC; CREB – cAMP 

response-element-binding protein - transcription regulator; glutamatergic system – 
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NMDAAR-2A and NMDAR-2B) are also significantly increased in parallel to BDNF 

mRNA levels (Molteni et al., 2002; Vaynman et al., 2003). 

The exercise-induced mechanism(s) by which BDNF is increased are not yet 

clear; however, both neural response and energy demand are posited as likely mediators 

of BDNF during exercise with energy demand, brain glucose uptake, currently 

recognized as the primary mechanisms (Carro et al., 2001; Trejo et al., 2001).  While the 

debate continues as to whether BDNF expression is initiated via peripheral or neural 

mechanisms, there is strong evidence to suggest the growth hormone (GH) / IGF-1 axis is 

the primary exercised-induced mechanism.  Initiated via the hypothalamus, GH up-

regulates IGF-1 in response to energy demand during exercise.  However, it is also 

posited that BDNF may initiate this hormone response in anticipation of the increase in 

energy demand associated with exercise.  What researchers have found in experiments 

using exercised rats is that neural BDNF levels increased in parallel to increases in 

circulating IGF-I and neuronal uptake of IGF-I.  This increase in IGF-I and the 

corresponding glucose uptake during exercise is supported by the accompanying 

increases in both neural VO2 and cerebral blood flow during exercise, 34% and 33% 

respectively (Carro et al., 2001; Passmore & Draper, 1964; Trejo et al., 2001). 

While there are indications that steroids may be associated with exercise-induced 

BDNF, the results are inconclusive due to complex interactions that are yet to be defined.  

Research results indicate steroids, signaling through one or more of the six classifications 

of steroid receptors in the brain, can induce or suppress BDNF effects depending on 
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specificity, location, and the co-participation of multifactoral physiological influences 

(Cotman & Berchtold, 2002; Chao, Sakai, Yun Ma, & McEwen, 1998; McEwen, 2001). 

Examples of such influences are. 

1. Permissive factor: The degree of physical activity may be dependent upon steroid 

levels as estrogen-deprived female rats showed reduced voluntary activity, with 

estrogen replacement increasing voluntary activity; suggesting estrogen is a 

permissive factor regarding exercise participation.  Furthermore, estrogen-

deprived rats exhibited lower baseline BDNF levels than intact rats, with exercise 

significantly inducing hippocampal BDNF levels above baseline in both intact 

and estrogen-deprived female rats  (Cotman & Berchtold, 2002). 

2. Specificity: There are different consequences of adrenal steroid regulation of 

neurotropic factors in the hippocampus depending upon receptor subtype and 

subregion.  Researchers show BDNF expression varies in hippocampus from 

high, medium, and low in subregions CA3, dentate gyrus, and CA1, respectively.  

Furthermore, glucocorticoids are shown to regulate BDNF levels in pyramidal 

cells, but not in granule cells even though granular cells have glucocorticoid 

receptors; indicating regional specificity or cofactor influences on BDNF 

regulation in the hippocampus (Chao et al., 1998). 

3. Co-participation: Steroid action and its affect on BDNF expression may be 

dependent upon co-participation of certain neurotransmitters.  This is apparent 

with NMDA activity, as increased NMDA receptor activity is associated with 

increased BDNF expression, yet increases in NMDA receptor activity in response 
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to glucocorticoid binding inhibits BDNF expression.  Thus indicating a co-

participation differential in signaling pathways when glucocorticoids bind to 

NMDA receptors (McEwen, 2001). 

Exercise Hypothesis 

The exercise hypothesis posits regular physical activity suppresses AD risk 

factors, delays onset, and attenuates the progression of the disease.  This hypothesis is 

supported by research outcomes that show a correlation between delayed onset of AD in 

persons who exercised regularly and the attenuation of AD biomarkers and enhanced 

learning in animal trials using exercise as the treatment.  These studies indicate exercise 

enhances neural function through biochemical pathways that influence oxidative stress, 

neurotransmitter modulation, protein synthesis, and energy metabolism; factors that are 

recognized as subject to insult in aging and risk factors associated with AD. 

Human Research 

Researchers utilizing longitudinal studies in the elderly postulate that AD, the 

most common form of dementia, may be delayed or attenuated as a result of regular 

exercise/physical activity.  Research results show regular exercise such as walking, 

running, and cycling, is strongly associated with reduced incidences of dementia and AD, 

higher levels of cognitive function, and an enhanced capacity to undertake ADL in the 

elderly.  This strong correlation is evident as follows. 

1. A study combining walking, strength, balance, and flexibility exercises, 2 times 

per week for 1-hr over a 12-month period, in nursing home residents with AD 

showed mean changes in ADL score from baseline.  While some decline in 
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functional capacity was recorded, the decline in ADL was approximately 33% 

less than the non-exercise control group (Rolland et al., 2007).   

2. A longitudinal 5-year follow-up study of women 65 years of age or older 

indicated those with better baseline cardiorespiratory fitness due to regular 

exercise performed better on cognitive assessments and had reduced risk of 

cognitive decline over time.  Participants in the highest physical level, based on 

the number of blocks walked per week (average - 175 blocks per week), showed a 

17% decline in cognitive function compared to a 24% decline in those in the 

lowest physical level (average - 7 blocks per week).  The same authors completed 

a study using the modified MMSE (mMMSE), peak VO2, and oxygen uptake 

efficiency measure (OUEM) pre and post a 6-year time period to examine the 

effects of fitness level on cognition and executive function.  Subjects with the 

highest peak VO2 and OUEM experienced significantly less decline in cognition 

and executive function as measured on the mMMSE compared to lowest level, 

especially in focus on task and decision making.  Furthermore, this physically 

active group had a 42% reduction in the risk of cognitive impairment when 

compared to a non-active group  (Barnes et al., 2007). 

3. A retrospective cohort study of cardiovascular risk factors (i.e., smoking, 

hypertension, high cholesterol, and diabetes) and the association with late-life 

dementia showed these risk factors substantially increased the risk of dementia.  

Comparing health evaluations of participants when aged between 40 and 44 years 

and again when aged between 61 and 65 years, the researchers found smoking, 



 77 
 

 

hypertension, high cholesterol, and diabetes increased the risk of dementia by 26, 

25, 42, and 46%, respectively.  The results also indicated the risk of dementia 

increased additively with 4 risks factors increasing the risk 2.4 fold when 

compared to participants with no risk factors (Whitmer, Sidney, Selby, Claiborne 

Johnston, & Yaffe, 2005). 

4. Persons older than 65 years who were non-dementia and exercised regularly (e.g., 

aerobic, strength, and / or stretching) were followed over a 6.2-year period to 

determine rate of dementia.  Utilizing participant self-report regarding exercise 

assessment, the results showed incidences of dementia in persons who exercised 

(minimum of 15 min, 3 times per week) over a period of 6.2 years were less 

compared to those who did not exercise (13 per 1,000 person-years and 19.7 per 

1,000 person-years, respectively) (Larson et al., 2006).  A similar outcome was 

found in a study of institutionalized elderly/community-dwelling older adults who 

exercised regularly for 30-min, 3 times per week, for a minimum of 2 years (Lytle 

et al., 2004). 

5. Men 71 to 93 years of age were evaluated over a 6-year period to determine the 

effect of walking on cognitive decline.  The results indicated men who walked 

less than 0.25 miles per day had a 1.8 fold increased risk of dementia when 

compared to men who walked 2+ miles per day (17.8 per 1000 vs.  10.3 per 1000, 

respectively).  Further analysis of the results showed a 1.8 fold excess of AD in 

men who walked less than 2 miles per day than those who walked more than 2 

miles per day (10.9 per 1000 vs.  6 per 1000, respectively).  Congruent to other 
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research, men who walked the most had the highest cognitive function score, a 

higher level of education, and less frequency of diabetes (Abbott et al., 2004). 

Animal Research 

The exercise hypothesis is further evident in research whereby researchers using 

animal models identified a primary mechanism by which exercise enhances neural 

function and plasticity and possibly prevents/attenuates AD.  Research results indicate 

that the prominent neural peptide, BDNF, is exercise-induced and that this peptide plays 

a leading role in neural function, plasticity, and cell survival.  This association is 

supported by research that shows IGF-I, a hormone-induced protein associated with 

BDNF and energy balance mechanisms, was also enhanced during exercise.  Along with 

showing significant increases in BDNF levels that are apparent for up to 6+-hrs after 

exercising, research outcomes posit BDNF has a direct effect on mediating ß-amyloid 

levels.  Animal research supporting the exercise hypothesis is as follow. 

1. Research using rats and voluntary wheel running as the treatment examined the 

effects of exercise on BDNF expression.  First, the outcomes showed 

hippocampal levels of BDNF mRNA increased when rats ran a minimum of 

500m.d-1, increases occurred after running 2 to 7 nights, levels of BDNF mRNA 

continued to increase with greater running distances, and levels plateaued after 

animals ran several km.d-1.  Second, the results showed BDNF increased in 

parallel to BDNF mRNA, with BDNF levels increasing by 20%  (Cotman & 

Engesser-Cesar, 2002). 
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2. Assays of brain regions of voluntary running rats showed BDNF mRNA levels 

increased after 2 nights of running, with numerous regions showing significant 

increases that were sustained after 7 nights of running: 80%, 40%, and 20% in 

hippocampal regions CA1, CA4 and dentate gyrus respectively, 35% in the caudal 

1/3 of the cerebral cortex, 90% elevation in layers II-III of caudal neocortex and 

retrosplenial cortex, and 30% in the cerebellum.  Along with showing BDNF 

mRNA, hence BDNF, is exercise-induced, this research also indicated the greatest 

effects of exercise on BDNF is associated with cognitive function and not directly 

related to the motor system (Neeper et al., 1996). 

3. Exercise as a mediator of BDNF and its effects on neural plasticity is further 

evident as researchers, using voluntary running rats, found BDNF associated 

molecules and their respective pathways were also up-regulated in the 

hippocampus after 3 days of exercise.  Along with increases in BDNF receptor 

TrkB (119%), increases in synapsin I mRNA (129%) and CREB mRNA (118%) 

were observed.  Furthermore, receptors associated with the glutamatergic system, 

NMDAR-2A and NMDAR-2B, were also significantly up-regulated.  To 

determine the involvement of BDNF in these exercise-induced effects, antagonists 

were used to inhibit the various pathways cosigned to BDNF.  Outcomes 

indicated both downstream and upstream effects occurred in the exercised animals 

as BDNF mRNA levels decreased 37% during MAP-K inhibition, CREB mRNA 

decreased in correlation with decreases in BDNF mRNA, blocking CAMK II 

inhibited synapsin I mRNA and TrkB mRNA and decreased the mRNA levels of 
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BDNF and CREB, blocking NMDA receptors decreased mRNA of BDNF, TrkB, 

synapsin I, and CREB, and inhibiting BDNF abrogated the exercise-induced 

increases in TrkB, synapsin I and CREB activity.  These findings posit that in the 

hippocampus, a critical area for learning and memory formation, exercise not only 

induces BDNF, but also is a means by which BDNF exerts its action on neural 

plasticity.  (Molteni et al., 2002; Vaynman et al., 2003) 

4. Researchers, using rodents (mice and rats) to examine the effects of energy 

balance on neural function found exercised animals had enhanced performance in 

motor coordination and learning and counteracted induced neural degradation, 

allowing animals to recover normal behavior.  Exercised animals showed 

increased brain uptake of IGF-I (30%) compared to sedentary animals and 

performed significantly better in both motor coordination scores and learning 

(rotarod test and water maze test, respectively).  Furthermore, in examining the 

effects of IGF-I in animals with neuronal damage induced by neurotoxin 3-

actylpyridine, researchers found animals infused with IGF-I recovered motor 

coordination while recovery in IGF-I deficit animals was hindered.  (Carro, et al., 

2000; Carro et al., 2001; Trejo et al., 2001) 

5. A study of AD transgenic mice (TgCRND8), used to evaluate the effects of 

voluntary exercise on ß-amyloid levels in both cortical and hippocampal regions, 

showed that animals exercised from 1 to 5-months decreased ß-amyloid levels 

and demonstrated AD symptom attenuation compared to sedentary animals.  ß-

amyloid levels decreased in both cortical (38% - 53%) and hippocampal (40%) 
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regions compared to sedentary animals, while ß-amyloid associated APP and α, 

β, and γ-secretase, normally high in AD transgenic animals, showed no significant 

changes in steady-state levels.  Researchers posit the decrease in ß-amyloid levels 

and the steady-state levels of ß-amyloid associated APP and secretase are due to 

both upstream and downstream influences of BDNF.  This hypothesis is 

supported by research that showed BDNF infusion into neural cultures had a 

direct dose-response against neuronal toxicity induced by ß-amyloid aggregation 

that completely reverses the toxic action of ß-amyloid-42.  (Adlard et al., 2005; 

Arancibia et al., 2008) 

Summary 

 In summary, review of literature confirms the physiological complexity of AD, 

shows that pharmacological treatments produce only moderate symptomatic benefits, and 

posits regular aerobic activity may attenuate/prevent AD onset.  Support of this 

summation is evident as follows. 

1. The exact cause of AD is unknown because of multifactorial biological influences 

and the slow progression of disease onset. 

2. Leading characteristics of AD are the disruption to cognitive and executive 

function indicating signaling pathways (e.g., neurotransmitter modulation, protein 

synthesis and energy metabolism) are the main target in AD onset. 

3. While disturbances in signaling pathways are associated with normal aging 

processes, the rate and extent is exacerbated in AD with no individual pathway 

identified as the primary pathogen. 
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4. Neurological disturbances are triggered by either genetic or sporadic mutations 

that have multiple affects; with sporadic AD risk factors enhanced by a sedentary 

lifestyle. 

5. AD causes multiple physiological changes with BDNF, a peptide associated with 

neural function (e.g., neurotransmitter modulation, protein synthesis and energy 

metabolism), reduced and ß-amyloid aggregation associated with neural plaque 

formation and neural degradation, increased. 

6. As a regulatory factor, BDNF plays a major role in ß-amyloid synthesis and 

function via its associated molecular processes that maintain cellular homeostasis.  

While not fully understood, regulation of intracellular calcium levels and the 

maintenance of energy metabolism by BDNF are believed to be the primary 

factors in controlling ß-amyloid synthesis. 

7. Current pharmacological treatments produce only moderate symptomatic benefits, 

with some medications associated with increased symptomatic behavior such as 

decreased motor function and increased likelihood of falls. 

8. Regular aerobic activity plays an important role in enhancing/attenuating 

numerous biochemical pathways, including those associated with the ageing 

process and AD onset, respectively. 

9. Regular aerobic activity enhances the expression of BDNF, which along with 

reducing AD risk factors (e.g., ROS and obesity), is shown to modulate ß-amyloid 

synthesis and function. 
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Research Information and Consent Form 
 
 
Research Title: 
 

The effects of regular aerobic activity on neural function in persons with Alzheimer’s disease. 

 
 
 
Temple University - IRB Protocol No.: _______________ 
 
 
 
 
Participant’s Name: ____________________________________ ID # ____________ 
  
 
 
Investigator(s) 
 
Principal Investigator:     Investigator 
 
 Dr.  Z.  Kendrick     D.  Milham M.Ed. 
 Faculty      Graduate Student 
 Department of Kinesiology   Department of Kinesiology 

College of Health Science   College of Health Science 
Temple University    Temple University 

 501 Carnell Hall    1424 Oak Crest Lane 
 1803 Broad Street    Coplay, PA 18037 
 Philadelphia, PA 19140    United States 
 United States 
 
Contact numbers: 
 

Dr.  Z.  Kendrick     215-204-8526  Don Milham     610-262-7876 
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This consent form may contain words that you do not understand.  Please ask the research staff to 
explain any words or information that you do not understand.  You may take home an unsigned 
copy of this consent form to think about or discuss with family or friends before making your 
decision. 

Purpose of the research 
 
You are being asked to take part in a study approved by Temple University, Philadelphia 
Pennsylvania, because you have Alzheimer’s disease.  The purpose of this study is to examine the 
effects of walking in adults with Alzheimer’s disease: Specifically, the effects of regular walking 
on memory, balance, mobility and capacity to complete activities of daily living.   
 
As there is limited research in this area, it is believed results from this study will contribute to the 
field of Alzheimer’s research. 

Procedures 
 
As a participant in this study, your memory, balance, mobility and capacity to complete activities 
of daily living are evaluated before and after completing a 12 week walking program.  You are 
also required to wear a pedometer during each walking session to record the number of steps 
taken. 
 
The walking program is set up so you walk for 30 minutes a day for 3 days per week for 12 
weeks.  The walking program may initially be broken into shorter times so you can build up to 
walking 30 minutes a day.  You may use your cane or walker and wear comfortable walking 
shoes. 
 
Evaluations: The evaluations are 1) questions to assess your memory (examples: date, day, 
names, identify objects and follow directions), 2) observations to assess your capacity to 
complete activities of daily living such as dressing, grooming and feeding and 3) physical 
activities to assess your balance and mobility such as standing up from a chair and sitting back 
down, picking up an object off the floor, standing on one foot and a timed stand up, walk 10 feet, 
turnaround, walk back and sit down.  The evaluations will take approximately 45 minutes to 
complete and will be conduct before the walking program starts and after the 12 week walking 
program is finished.   
 
Staff and/or Don Milham, the investigator, will conduct the evaluations and oversee the exercise 
program. 
 
Note: Trained medical staff will be on site should you require medical assistance while 
participating in the study. 
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Risks and Discomforts 
 
There are no known risks associated with participating in this study other than those associated 
with undertaking activities of normal daily living.  You may feel some discomfort while walking, 
however, this will depend on your current physical condition.  Any discomfort during or 
following should be no more than would be experience in undertaking activities of daily living.  
You will be able to sit if you get tired. 

New Findings 
 
You will be told about any new information that might change your decision to be in this study 

Benefits 
 
There is no guarantee that you will benefit directly from this study.  However, possible benefits 
may include an increase in memory, balance, mobility and capacity to complete activities of daily 
living.  Along with adding knowledge to the field of Alzheimer’s research, the information 
obtained in this study may help other people with Alzheimer’s disease in the future. 

Confidentiality 
 
All research studies conducted by Temple University faculty, staff and students are subject to 
review by the Temple University’s Institutional Review Board (IRB) and the Office for Human 
Research Protection (OHRP).  All documentation and information pertaining to this study will be 
kept confidential in accordance with all applicable federal, state and local laws and regulations. 
 
Note: You will receive a signed copy of the Research Authorization Standard Statement. 

Voluntary Participation and Withdrawal 
 
Your participation in this study is entirely voluntary and refusal to participate will involve no 
penalty or loss of benefits to you.  You may discontinue your participation at any time without 
penalty or loss of benefits. 

Removal from study 
 
The study investigators may stop your participation in this study without your consent.  The likely 
circumstance under which this might occur is your failure to complete the evaluations and 
walking program as required and your health. 
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Questions 
 
If you have any questions about your rights as a study participant, you may contact the Temple 
University’s Institutional Review Board Coordinator, Richard Throm at (215) 707-8757. 
 
Note: Do not sign this consent form unless you have had a chance to ask questions and have 
received satisfactory answers to all your questions. 
 
If you agree to participate in this study, you will receive a signed and dated copy of this consent 
form for your records. 

Consent 
 
I have read this consent form, or it has been read to me, and the study has been explained to me.  
All my questions about the study and my participation have been answered. 
 
I understand that medical records and information generated by the study may be reviewed by 
Temple University’s Institutional Review Board (IRB) and the Office for Human Research 
Protection (OHRP) to assure proper conduct of the study and compliance with federal regulations. 
 
I understand that the results of this study may be published.  If any data is published, I will not be 
identified by name. 
 
I understand that my participation in this study is entirely voluntary and that refusal to participate 
will involve no penalty or loss of benefits to me.  I may discontinue my participation at any time 
without penalty or loss of benefits. 
 
I understand that by signing this consent form, I have not waived any legal rights that I otherwise 
have as a participant in research. 
 
I understand that by signing this consent form I freely consent to participate in this study as 
described in the “Procedures” section above. 
 
________________________________________________ 
Participant’s Name 
 
________________________________________________ _______________ 
Signature of Participant      Date 
 
________________________________________________ 
Signature of Caregiver 
 
________________________________________________ _______________ 
Signature of Person Conducting Informed   Date 
Consent Discussion 
 
________________________________________________ _______________ 
Signature of Principal Investigator    Date
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Research Information and Consent Form 
 
 
Research Title: 
 

The effects of regular aerobic activity on neural function in persons with Alzheimer’s disease. 

 
Temple University - IRB Protocol No.: _______________ 
 
 
Participant’s Name: ______________________________________ ID # __________ 
 
 
Participant’s Caregiver Name: ____________________________________________ 
          (Please print name)  
 
Investigator(s) 
 
Principal Investigator:     Investigator 
 
 Dr.  Z.  Kendrick     D.  Milham M.Ed. 
 Faculty      Graduate Student 
 Department of Kinesiology   Department of Kinesiology 

College of Health Science   College of Health Science 
Temple University    Temple University 

 501 Carnell Hall    1424 Oak Crest Lane 
 1803 Broad Street    Coplay, PA 18037 
 Philadelphia, PA 19140    United States 
 United States 
 
Contact numbers: 
 

Dr.  Z.  Kendrick     215-204-8526  Don Milham     610-262-7876 
 
As caregiver, you are being asked to review and give consent for (Participant’s name) 
_______________________________________ to participate in a study investigating the effects 
of exercise (walking), on persons with Alzheimer’s disease. 
 
This consent form may contain words that you do not understand.  Please ask the research staff to 
explain any words or information that you do not understand.  You may take home an unsigned 
copy of this consent form to think about or discuss with family or friends before making your 
decision. 

Purpose of the research 
 
The person in your care is being asked to take part in a study approved by Temple University, 
Philadelphia Pennsylvania, because they have been diagnosed with Alzheimer’s disease.  The 



 101 
 

 

purpose of this study is to examine the effects of walking in adults with Alzheimer’s disease: 
Specifically, the effects of regular walking on memory, balance, mobility and capacity to 
complete activities of daily living.   
 
As there is limited research in this area, it is believed results from this study will contribute to the 
field of Alzheimer’s research. 

Procedures 
 
As a participant in this study, the participant’s memory, balance, mobility and capacity to 
complete activities of daily living are evaluated before starting and after completing a 12 week 
walking program.  The participant will be required to wear a pedometer during each walking 
session to record the number of steps taken. 
 
The walking program is set up so the person will walk for 30 minutes a day for 3 days per week 
for 12 weeks.  The walking program may initially be broken into shorter times so the person can 
build up to walking 30 minutes a day.  The person may use her/his cane or walker and wear their 
comfortable walking shoes. 
 
Evaluations: The evaluations are 1) questions to assess the participant’s memory (examples: date, 
day, names, identify objects and follow directions), 2) observations to assess participant’s 
capacity to complete activities of daily living such as dressing, grooming and feeding and 3) 
physical activities to assess participant’s balance and mobility such as standing up from a chair 
and sitting back down, picking up an object off the floor, standing on one foot and a timed stand 
up, walk 10 feet, turnaround, walk back and sit down.  It will take approximately 45 minutes to 
complete the evaluations.  The evaluations will be conduct before the walking program starts and 
after the 12 week walking program is finished.   
 
Staff and/or Don Milham, the investigator, will conduct the evaluations and oversee the exercise 
program. 
 
Note: Trained medical staff will be on site should a participant require medical assistance while 
participating in the study. 

Risks and Discomforts 
 
There are no known risks associated with participating in this study other than those associated 
with undertaking activities of normal daily living.  A participant may feel some discomfort during 
and after exercising, however, this will depend on the person’s current physical condition.  
Because the exercise is walking, such discomfort should be no more than would be experience in 
undertaking activities of daily living.  The participant will be able to sit if she/he gets tired. 

New Findings 
 
You and the participant will be told about any new information that might change yours and the 
participant’s decision to be in involved in this study. 
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Benefits 
 
There is no guarantee that the person in your care will benefit directly from this study.  However, 
possible benefits may include increase in memory, balance, mobility and capacity to complete 
activities of daily living.  Along with adding knowledge to the field of Alzheimer’s research, the 
information obtained in this study may help other people with Alzheimer’s disease in the future. 

Confidentiality 
 
All research studies conducted by Temple University faculty, staff and students are subject to 
review by the Temple University’s Institutional Review Board (IRB) and the Office for Human 
Research Protection (OHRP).  All documentation and information pertaining to this study will be 
kept confidential in accordance with all applicable federal, state and local laws and regulations. 

Voluntary Participation and Withdrawal 
 
The participant’s involvement in this study is entirely voluntary and refusal to participate will 
involve no penalty or loss of benefits to the participant.  You and/or the participant may 
discontinue participation in the study at any time without penalty or loss of benefits to the 
participant. 

Removal from study 
 
The study investigators may stop the participant’s involvement in this study without consent from 
you or the participant.  The likely circumstance under which this might occur is the participant’s 
failure to complete the evaluations and walking program as required and health considerations 
that may be negatively impacted by their continued participation in the study. 

Questions 
 
If you have any questions about the participant’s rights as a study participant, you may contact 
the Temple University’s Institutional Review Board Coordinator, Richard Throm at (215) 707-
8757. 
 
Important: Do not sign this consent form unless you have had a chance to ask questions and have 
received satisfactory answers to all your questions. 
 
If you agree to the person in your care participating in this study, you will receive a signed and 
dated copy of this and the participant’s consent form for your records. 

Consent 
 
I have read this consent form, or it has been read to me, and the study has been explained to me.  
All my questions about the study and participation requirements have been answered. 
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I understand that medical records and information generated by the study may be reviewed by 
Temple University’s Institutional Review Board (IRB) and the Office for Human Research 
Protection (OHRP) to assure proper conduct of the study and compliance with federal regulations. 
 
I understand that the results of this study may be published.  If any data is published, I or the 
participant will not be identified by name. 
 
I understand that participation in this study is entirely voluntary and that refusal to participate will 
involve no penalty or loss of benefits to the person in my care.  I and/or the participant may 
discontinue the participant’s participation in the study at any time without penalty or loss of 
benefits to the participant. 
 
I understand that by signing this consent form, I have not waived any legal rights that I or the 
person in my care otherwise have as a participant in research. 
 
I understand that by signing this consent form I freely consent to the person in my care 
participating in this study as described in the “Procedures” section above. 
 
 
________________________________________________ _______________ 
Signature of Caregiver      Date 
 
________________________________________________ 
Please print name 
 
________________________________________________ 
Relationship to participant 
 
___________________________________ 
Phone number 
 
________________________________________________ _______________ 
Signature of Person Conducting Informed   Date 
Consent Discussion 
 
________________________________________________ _______________ 
Signature of Principal Investigator    Date
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Authorization to use and disclose personal health information for research at Temple 
University, Temple University Hospital and Holy Redeemer Hospital 

 
Information that will be collected from you and disclosed  
During the course of this research study, which is described by title in the study-
specific document attached, certain personal health information will be collected and 
disclosed to recipients identified in the attachment.  It is important for you to know 
that your personal health information may identify you by name, address, telephone 
number, photograph, social security number, health plan number, date of birth, 
dates relating to various tests and procedures, or other personally identifiable 
information.  This information may be obtained from your medical records, 
physical examinations and procedures: (a) to determine if you are eligible to 
participate in the research study, or (b) created as a result of your participation in 
the research study 
 
How your information will be used and to whom it will be disclosed 
By signing this authorization form, you give Temple University, Temple University 
Hospital and Temple University Clinical Faculty Practice Plan and the principal 
investigator named in the attached study-specific document permission to use your 
personal health information and to disclose this information to the recipients also 
named in the attached study-specific document.  It is important for you to know that 
the recipients, and their agents or representatives, will take all reasonable efforts to 
maintain your personal health information in confidence, and to use appropriate 
safeguards to prevent further use or disclosure by those not authorized to use or 
disclose your personal health information.  However, once your health information 
is disclosed to the recipients, then your personal health information may no longer 
be protected by federal privacy laws and regulations and there is a potential for re-
disclosure of this information.  However, the laws of the Commonwealth of 
Pennsylvania or your state of residence may provide further privacy protection. 
 
How you can access your information 
You should know that you have the right to see and receive a copy of your personal 
health information that was collected from you during the research study for as long 
as this information is maintained by Temple University and the principal 
investigator.  However, while the research study is in progress, you will not be able 
to access your personal health information in order to preserve the integrity of the 
research.  You will be able to access this information when the study is completed.  
There may be associated charges for copying these materials. 
 
How to revoke your authorization 
You should also know that you can revoke your authorization to disclose your 
personal health information at any time by sending a written notice to the principal 
investigator and Temple University at the address listed in the attached study-
specific document.  Should you decide to revoke your authorization, Temple 
University and the principal investigator will stop collecting your study-related 
health information.  In addition, Temple University and the principal investigator 
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will stop using and disclosing your personal health information, except to the extent 
such information was collected prior to your revocation.  For instance, Temple 
University, principal investigator, recipients, and their agents or representatives 
may use the information obtained before you revoked your authorization in order to 
preserve the scientific integrity of the research study. 
 
Important notices 
You will receive a signed copy of this authorization to acknowledge your approval 
for Temple University and the principal investigator to the release your personal 
health information.  If you do not sign this authorization or if you revoke this 
authorization, the principal investigator and Temple University may decide not to 
permit you to participate in or to continue to participate in the research study 
identified in the attached study-specific document. 
 
Version.1.10.2005 – Research Authorization Standard Statement 
 

STUDY-SPECIFIC DOCUMENT 
 
1.  RESEARCH STUDY: The effects of regular aerobic activity on neural 
function in persons with Alzheimer’s Disease.      
             
 
2.  PRINCIPAL INVESTIGATOR:   Dr.  Z.  Kendrick  Graduate School, Temple 
University 501 Carnell Hall, 1803 Broad Street, Philadelphia, PA 19122  
             
 
3.  RECIPIENTS: Sponsor: Temple University, Philadelphia, PA    
 

Sponsor Agents:         
 
Temple University: Temple University, Institutional Review 
Board,  3425 N.  Carlisle Street, Hudson Building, 3rd Floor, 
Philadelphia, PA 19140     ______ 
 
Other(s):  Holy Redeemer Hospital, 1648 Huntingdon Pike,  
Meadowbrook, PA 19046       
 
 

4.  EXPIRATION DATE:  None         
 
5.  OTHER INFORMATION:         
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Signature of Patient      Date 
 
___           _____ 
Printed Name of Patient 
 
             
Signature of Personal Representative of the Patient  Date 
 
             
Printed Name of Personal Representative of the Patient and Relationship to Patient 
 
             
Signature of Person Collecting Authorization  Date 
 
             
Printed Name of Person Collecting Authorization 
 
Version.1.10.2005 – Research Authorization Study-specific Document 
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Sociodemographic / Health / Lifestyle Form 
 
 
[Notation: X – Caregiver answered question]   Date: ___________ 
 
 
Participant’s Name: ______________________________________ ID # __________ 
 
 
Caregiver name: _______________________________________________________ 
 
Caregiver relationship to participant: _____________________________________ 
 
 
 
Participant’s information 
 
Age: ________ Gender: F M 
 
Race: _________________________ 
 
Education: Total yrs: ____ High School  BA / BS 
 
  Graduate Degree   MD / PhD 
 
Occupation:    Past _________________________________________________ 
 
           _________________________________________________ 
 
        Present: _________________________________________________ 
 
 
Walking aids:   Cane   Walker  
 
 
Institutional status:  Resident  Outpatient 
 

Duration of status: yrs ________  months ________ 
 
 
Medical history: Please answer by circling either “Yes” or “No” to the following… 
 

Yes  No Are you diagnosed as having arthritis? 
 

Yes No Do you have hypertension (High Blood Pressure)? 
 

If “Yes,” is your blood pressure controlled by medication? 
 



 110 
 

 

Yes No 
 
Yes  No Are you visually impairment? 
 
Yes  No Are you diagnosed as having Parkinson disease? 
 
Yes  No Are you diagnosed as having dementia? 
 
Yes  No Are you diagnosed as having Alzheimer’s disease? 
 
Yes No Are you diagnosed as having diabetes? 

  
If “Yes,” what type of diabetes?   ___________________ 
 
If “Yes,” is your diabetes controlled? 
 

Yes No 
 
Yes No Have you had a stroke in the past 3 years? 
 
Yes  No Do you have a fear of falling? 

 
Yes  No Have you had a fall in the past 3 months? 

 
Yes  No Have you had a fall in the past year? 
 
  Number of falls ________ 

 
Yes No Do you have a heart conditions that would preclude you from 

taking part in the walking program? 
 

Yes  No Do you feel light headed or dizzy when you stand up? 
  

Yes  No Are you on medication? 
 

If “Yes,” please list medications. 
 

   ____________________________________________________ 
 

____________________________________________________ 
  

 ____________________________________________________ 
 
   ____________________________________________________ 
 
Activities: 
 

Yes  No Do you participate in physical activities like walking, cycling, 
dancing, etc? 



 111 
 

 

 
If “Yes,” what type of activity? 

________________________________________________ 
 
________________________________________________ 

 
  If “Yes,” how often? 
 
  Often (5-7 days) Sometimes (3-4 days)  Seldom (1-2 days) 
 

Yes  No Do you do other activities like gardening, singing in a choir, etc? 
 

If “Yes,” what type of activity? 
________________________________________________ 
 
________________________________________________ 

 
  If “Yes,” how often? 
 
  Often (5-7 days) Sometimes (3-4 days)  Seldom (1-2 days) 
 
  If walking or cycling, do you know approximately… 
 

how far? __________  how long? __________ 
 

Yes  No Do you participate in sitting activities like reading, watching TV, 
doing crossword puzzles or hand crafts? 

 
If “Yes,” how often? 

 
  Often (5-7 days) Sometimes (3-4 days)  Seldom (1-2 days) 
 

Yes  No Do you participate in sitting activities with a group such as 
singing, playing bingo, doing hand crafts, etc? 

 
If “Yes,” how often? 

 
  Often (5-7 days) Sometimes (3-4 days)  Seldom (1-2 days) 
 
 
 
Heart rate (bpm at rest): _______ (pre-test)  _______ (post-test) 
 
Blood pressure (mm Hg): ______ (pre-test)  _______ (post-test)
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BERG BALANCE SCALE 

 



 117 
 

 

 
Participant name: ______________________________________ Date: __________ 
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TIMED UP AND GO 
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Timed Up and Go 
 
 
Participant’s Name: ______________________________________ ID # __________ 
 
Timed Up and Go protocol: 
 
Investigator to explain and demonstrate the timed up and go procedure to participant. 
 
Using a stopwatch, the participant is timed from once the command “Go” is given until 
the participant is seated after completing the walk around the cone. 
 

1. Participant is to be seated in a chair. 
2. Use a 3, 2, 1 – Go command to start the activity. 
3. At the command of “Go” the participant is required to rise from the chair, 

walk around the cone placed 3-m from the front edge of the chair and 
return to sit in the chair. 

 
Note: Participant may use her / his cane or walker. 
 
Pre-test: 
 

Date: ____________  Elapsed time: __________ 
 

Assisted rising: Yes  No 
 

Chair arms  Walker  Cane 
 

Walking aids:  Yes  No 
 
  If “Yes,” what aid was used?  Walker  Cane 
 
Post-test: 
 

Date: ____________  Elapsed time: ___________ 
 
 

Assisted rising: Yes  No 
 

Chair arms  Walker  Cane 
 

Walking aids:  Yes  No 
 
  If “Yes,” what aid was used?  Walker  Cane 
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Program Perception Questionnaire 
 
[Notation: X – Caregiver answered question] 
 
Participant name: ______________________________________ Date: __________ 
 
 
Caregiver name: _______________________________________________________ 
 
 
Read by investigator: Now that you have completed the study, I want to first thank you 
for your participation in the study and your contribution to AD research.  Secondly, I ask 
that you answer an exit questionnaire regarding your overall perception of the study. 
  
Participant’s information 
 
Perceived changes in the following: 
 

Yes  No Do you sleep better at night? 
 
Yes  No Do you have more energy? 

 
Yes  No Have you increased the number of times you participate in physical 

activities? 
 

If “Yes,” how often?  1 2 3 4 
 
Yes  No Will you continue with the walking program? 

 
Yes  No Overall, was the program beneficial? 

 
  If “Yes” how? 

___________________________________________________ 
 
   ___________________________________________________ 
 
   ___________________________________________________ 
 
Closing statement read by investigator: In closing, do you have any question regarding 
the study or benefits of physical activity? Once again, thank you for participating in the 
study.  I wish you well for the future and encourage you to continue with your walking 
program.   
 
Thank you!
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Physical activity protocol 

Participant’s information: 

As a participant in the study of walking activity on neural function you are required to 

follow the protocol as prescribed: 

1. Walk for 30 minutes a day for 3 times per week with a minimum of one day 

between each exercise day (e.g., Monday, Wednesday and Friday) for a period of 

12 consecutive weeks. 

2. When possible, walk at the same time each day and on the same days of the week 

chosen for the 12-week period (e.g., Monday, Wednesday and Friday).   

3. Complete the 30-min walking activity within the prescribed time. 

4. Wear comfortable shoes. 

5. Wear the pedometer provided during each walking activity. 

Note: Pedometer to be place on a belt secured at waist height and positioned 

lateral to the center of the body (side of body). 

6. Walk on a flat, firm, surface (e.g., building hallways and concrete footpaths). 

7. If required, use your cane or walker during the walking activity. 

8. Try to increase the total pedometer reading for the week’s walking activity on a 

weekly basis. 
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Caregiver’s information: 

f. Participant is advised to walk at the same time each day and on the same 

days of the week chosen for the 12-week period (e.g., Monday, 

Wednesday and Friday). 

g. Participant may complete the walking program as a group activity or 

individually. 

h. Participant is required to complete the walking program as prescribed 

(Walk 30 min per day, 3 days per week, for 12 consecutive weeks).   

i. Participant must wear the pedometer provided during each walking 

activity. 

j. Caregiver to record the following information for each walking activity on 

the data sheet provide: Date, time of day, total duration of walk, actual 

walking time, beginning and ending pedometer reading for walking 

activity, whether walk was with a group or individual and if a cane or 

walker was used during walk. 

Note: Data to be forwarded to the research investigator on a weekly basis. 

Participant to be encouraged to increase the total pedometer reading for the 

week’s walking activity on a weekly basis. 

k. To decrease the likelihood of injury and for participant’s safety, please 

ensure the following guidelines are adhered to: 

f. Caregiver must accompany the participant during the walking activity 
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g. The walking activity must be undertaken (either indoors or outdoors) on a 

flat, firm, surface (e.g., building hallways and concrete footpaths). 

h. Participant may use her / his cane or walker during the walking activity. 

i. Participant must wear comfortable walking shoes while walking. 

j. Participants may rest during the walking activity for the first four (4) 

weeks of the program providing the walk is completed within the allotted 

time (see “Walking schedule” below). 

k. Participant must seek medical advice should they experience muscle 

soreness, shortness of breath, dizzy spells, or other medical conditions 

that may be detrimental to her / his health. 

Walking Schedule: 

The following schedule is for participants who are initially unable to walk 

continuously for 30-min: 

Week 1 – Walk 30-min over a period of 45-min, 3 times per week with a 

minimum of one day between each exercise day. 

Week 2 - Walk 30-min over a period of 45-min, 3 times per week with a 

minimum of one day between each exercise day 

Week 3 – Walk 30-min over a period of 40-min, 3 times per week with a 

minimum of one day between each exercise day. 

Week 4 – Walk 30-min over a period of 35-min, 3 times per week with a 

minimum of one day between each exercise day. 
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Week 5 to 12 – Walk 30 consecutive minutes, 3 times per week with a 

minimum of one day between each exercise day. 

Important: Participant must be able to walk for 30 consecutive minutes during week 5 

through to week 12 of the walking program. 
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Activity Data Sheet – Week ___ 
 

Participant Date: 
  

Date: 
  

Date: 
  

Week ___- 
total: 

  

Pedometer 
reading (end of 
activity) 

Pedometer 
reading (end of 
activity) 

Pedometer 
reading (end of 
activity)   
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id adstage age female educ tug1 tug2 adl1 adl2 berg1 berg2 mmse1 mmse2 fall1 fall2 phys
2.00 2.00 85.00 0.00 12.00 22.35 19.98 95.00 97.00 39.00 44.00 16.00 20.00 1.00 0.00 3.00
3.00 1.00 84.00 1.00 12.00 18.36 19.31 80.00 85.00 37.00 43.00 24.00 26.00 0.00 0.00 2.00
4.00 1.00 85.00 1.00 14.00 85.96 64.13 70.00 65.00 18.00 27.00 23.00 25.00 5.00 3.00 2.00
5.00 2.00 94.00 0.00 12.00 22.86 15.72 80.00 85.00 39.00 40.00 18.00 23.00 1.00 0.00 2.00
6.00 1.00 87.00 0.00 13.00 37.62 33.29 80.00 66.00 33.00 36.00 21.00 24.00 1.00 0.00 0.00
7.00 1.00 86.00 1.00 12.00 24.22 18.75 90.00 90.00 35.00 45.00 21.00 26.00 1.00 0.00 2.00
8.00 2.00 92.00 1.00 14.00 11.66 12.47 90.00 90.00 39.00 45.00 14.00 22.00 0.00 1.00 3.00
9.00 1.00 84.00 1.00 12.00 11.00 12.22 100.00 90.00 42.00 47.00 21.00 24.00 0.00 0.00 1.00

10.00 1.00 85.00 1.00 12.00 22.37 20.73 85.00 90.00 30.00 38.00 21.00 21.00 1.00 0.00 0.00
11.00 1.00 88.00 1.00 12.00 22.22 17.61 85.00 88.00 40.00 41.00 21.00 22.00 1.00 2.00 0.00
12.00 2.00 99.00 1.00 12.00 31.22 23.92 70.00 82.00 37.00 38.00 18.00 19.00 2.00 0.00 0.00
13.00 1.00 80.00 1.00 16.00 10.55 8.53 95.00 94.00 43.00 49.00 21.00 22.00 1.00 0.00 3.00
14.00 1.00 81.00 0.00 18.00 37.43 26.07 60.00 79.00 31.00 39.00 24.00 23.00 0.00 0.00 3.00
15.00 2.00 84.00 1.00 12.00 16.14 14.39 95.00 97.00 42.00 48.00 15.00 22.00 0.00 0.00 2.00
16.00 1.00 78.00 0.00 13.00 22.66 16.34 90.00 90.00 37.00 43.00 22.00 25.00 1.00 0.00 3.00
17.00 1.00 84.00 1.00 12.00 19.33 11.40 85.00 85.00 31.00 40.00 22.00 24.00 0.00 0.00 2.00
18.00 2.00 78.00 1.00 12.00 28.88 29.50 55.00 84.00 27.00 28.00 17.00 20.00 0.00 0.00 0.00
19.00 2.00 84.00 1.00 12.00 32.35 20.47 85.00 85.00 33.00 34.00 19.00 23.00 1.00 1.00 0.00
21.00 1.00 88.00 0.00 16.00 16.16 14.02 85.00 95.00 37.00 43.00 21.00 27.00 3.00 1.00 1.00
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id orient1 regist1 attn1 recall1 lang1 copy1 orient2 regist2 attn2 recall2 lang2 copy2 educat
2.00 5.00 2.00 2.00 0.00 6.00 1.00 4.00 3.00 3.00 2.00 8.00 0.00 0.00
3.00 8.00 2.00 5.00 1.00 7.00 1.00 7.00 3.00 5.00 3.00 7.00 1.00 0.00
4.00 6.00 3.00 5.00 1.00 8.00 0.00 6.00 3.00 5.00 3.00 8.00 0.00 1.00
5.00 6.00 3.00 1.00 2.00 6.00 0.00 8.00 3.00 3.00 2.00 7.00 0.00 0.00
6.00 5.00 3.00 3.00 3.00 6.00 1.00 7.00 3.00 5.00 2.00 7.00 0.00 1.00
7.00 5.00 3.00 2.00 2.00 8.00 1.00 6.00 3.00 5.00 3.00 8.00 1.00 0.00
8.00 3.00 3.00 1.00 0.00 6.00 1.00 6.00 3.00 4.00 0.00 8.00 1.00 1.00
9.00 7.00 2.00 5.00 0.00 6.00 1.00 7.00 3.00 4.00 2.00 7.00 1.00 0.00

10.00 4.00 3.00 5.00 0.00 8.00 1.00 5.00 3.00 3.00 1.00 8.00 1.00 0.00
11.00 7.00 2.00 5.00 2.00 5.00 0.00 7.00 3.00 4.00 1.00 7.00 0.00 0.00
12.00 6.00 3.00 0.00 1.00 8.00 0.00 7.00 3.00 1.00 0.00 8.00 0.00 0.00
13.00 5.00 3.00 5.00 0.00 8.00 0.00 6.00 3.00 5.00 0.00 8.00 0.00 1.00
14.00 8.00 3.00 2.00 2.00 8.00 1.00 9.00 3.00 1.00 2.00 8.00 0.00 1.00
15.00 5.00 2.00 2.00 1.00 5.00 0.00 7.00 3.00 3.00 2.00 7.00 0.00 0.00
16.00 9.00 2.00 3.00 1.00 6.00 1.00 7.00 3.00 5.00 2.00 7.00 1.00 1.00
17.00 7.00 3.00 2.00 3.00 7.00 0.00 7.00 3.00 4.00 2.00 8.00 0.00 0.00
18.00 5.00 3.00 3.00 0.00 6.00 0.00 4.00 3.00 4.00 1.00 7.00 1.00 0.00
19.00 6.00 3.00 3.00 0.00 7.00 0.00 7.00 3.00 4.00 2.00 7.00 0.00 0.00
21.00 7.00 2.00 2.00 2.00 7.00 1.00 8.00 3.00 4.00 3.00 8.00 1.00 1.00
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