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ABSTRACT 

With longevity steadily increasing, researchers are focusing on quality as well as   

quantity of life.  Functional assessment is an important outcome for determining the 

effectiveness of interventions for improving quality of life in older adults.  The purpose of the 

first study was to examine disability and the relationships of some commonly used physical 

function measures with established benchmarks for identifying risk of disability.  Twenty-six 

older adults were assessed using the Continuous Scale Physical Functional Performance 10 item  

test (CS-PFP 10), Physical Performance Test, Short Physical Performance Battery (SPPB), and 

the Medical Outcomes Study Short Form Health Survey Physical Function subscale (SF36PF).  

Eighty-eight percent of the participants were at risk for preclinical disability of which 50% were 

at risk for moderate disability.  The performance-based physical function measures were 

correlated (p<0.05) with each other, however the SF36PF was only correlated with the CS-PFP 

10 (p<0.05).  Participant’s preclinical disability status was identified by a mis-match between 

self-report and performance-based function, where self-report was greater than performance-

based.  These individuals could benefit from physical activity programs to improve physical 

function.   



 

Older adults, with low socioeconomic status and low physical reserves are at 

disproportional higher risk for chronic disease burden, functional limitations and disability. 

Physical activity is an effective nonpharmacological intervention for improving physiological 

capacity, quality of life, and physical function.  The purpose of the second study was to 

investigate the effects of a walking intervention and nutrition education intervention on 

functional performance with a randomized controlled trial of low socioeconomic older adults. 

Twenty-four volunteers were randomized into either a walking exercise group or a control group. 

The walking exercise group participated in a 16-week walking program and the control group 

attended nutrition education presentations.  The walking exercise group improved in physical 

function by 25% as evaluated with the CS-PFP 10 and peak aerobic capacity by 18.9%.  This 

study, one of few that include older adults with low socioeconomic status indicates that walking, 

a simple exercise that can be done without specialized exercise leader or equipment significantly 

increases peak aerobic capacity and physical function in just four months. 
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CHAPTER 1 

 

INTRODUCTION 

 

The population of adults age 65 years and older is the most rapidly growing segment of 

the United States.  Older adults totaled 35.6 million in the year 2002 and represented 

approximately 12.3% of the overall population of the United States.  These numbers are 

projected to reach 71.5 million and represent 20% of the population in 2030 (United States 

Department of Health and Human Services (USDHHS), 2003).  This rapid increase in older 

adults will influence factors such as the prevalence of chronic disease and all-cause mortality and 

morbidity (Schneider & Guralnik, 1990).  As the population ages and becomes more dependent, 

the impact on society, health and the public health system could be overwhelming (Blair, 1993).  

Physical inactivity accounts for about 2.4% of the health care costs of the United States or 

approximately $24 billion a year (Colditz, 1999).  Direct medical costs attributable to inactivity 

and obesity accounted for nearly 10% of all health care expenditures in the United States 

(National Center for Health Statistics (NCHS), 1999).  Data from the 2005 Behavioral Risk 

Factor Surveillance System indicated that only 42% of Georgians 65 years or older participated 

in at least 30 minutes of moderate physical activity five or more days a week (CDC, 2005).  

Participation in a regular physical exercise program and walking program is lowest among older 

adults with less than eight years of education and among African Americans (Clark, 1995).  The 

Healthy People 2000 reported that more than two out of every five older adults lead a sedentary 
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lifestyle (Public Health Service, 1990).  Older adults are the greatest consumers of health care 

and those with low socioeconomic status are the most inactive and have the most comorbidity 

(Howard et al., 2000).   

One of the two overall national health objectives for 2010 is to eliminate health 

disparities among different segments of the U.S. population (USDHHS, 2000) and older adults 

with lower socioeconomic status are considered one of these segments.  In 2003, the median 

income reported for older adults over the age of 65 was $14,664 and 10.2% were below the 

poverty level (DeNavas-Walt, Proctor, & Lee, 2005) of $8980 (USDHHS, 2003).  These older 

adults have a greater risk of chronic disease burden, functional limitations, and disability (Lantz 

et al., 2001) due to poor health and lifestyles that occur more frequently among individuals of 

low socioeconomic status (Reijneveld, 1998).  Poor health conditions in older adults can lead to 

decreases in physical function, which is the ability to perform tasks required for independent 

living (Buchner & deLateur, 1991).  Over 4.5 million older adults reported having difficulty in 

carrying out activities of daily living (ADLs) such as bathing, dressing, and eating, and 6.9 

million reported difficulties with instrumental activities of daily living (IADLs) such as 

housework, money management, and taking medications (USDHHS, 2003).  Physical function in 

activities of daily living tasks has been shown to be a strong predictor of mortality, long-term 

institutionalization or dependence (Stuck, Siu, Wieland, Adams, & Rubenstein, 1993).  For many 

older adults, any reduction in performance of ADLs has a greater impact on the preservation of 

independence than chronic diseases from which these reductions originated (Ensrud et al., 1994).  

In addition to its importance in maintaining independence, reductions in activities of daily living 

are predictors of clinical outcomes, including need for professional home care, length of hospital 

stay, nursing home placement, and mortality (Frederiks, te Wierik, Visser, Sturmans, 1990).   
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Physical activity is an effective intervention not only for preservation of physical function 

in to the last decades of life, but also for the enhancement of quality of life (Ades et al., 2003, 

Binder et al., 2002,  Cress et al., 1999).  Physical activity can improve health and physical 

function in older adults, therefore leading to healthier independent lifestyles (Mazzeo et al., 

1998).  Evidence supports a positive relationship between physical activity and higher function 

for activities of daily living and instrumental activities of daily living (Seeman et al., 1995).  

Medium levels of energy expenditure may be sufficient to maintain physical function in older 

adults with and without chronic diseases (Young, Masaki, & Curb, 1995).  Strength training has 

been the most studied modality for improvement of  physical function (Ades et al., 2003, Brochu 

et al., 2002, Ettinger et al., 1997, Fiatarone et al., 1994).  Fewer studies have investigated the 

effect of aerobic training on improving physical function.  The specific aims of this study were to 

evaluate several functional assessment measures and a walking intervention in older adults with 

low income and low education. 

Specific Aims 

1. To compare self-reported physical function and measured physical function 

performance in lower socioeconomic older adults. 

2. To compare the effects of a walking intervention and a nutrition education 

intervention on peak aerobic capacity and physical function in lower 

socioeconomic older adults.  

Statement of Purpose 

Older adults, with low income, low education, and low physical reserves are at 

disproportional higher risk for disability from chronic disease.  Exercise has proven beneficial 

effects; however these populations are under-represented in the scientific literature.  Moderate 
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levels of physical activity have health benefits for all individuals; however, benefits to physical 

function are more effectively demonstrated in individuals at risk for institutionalization and with 

limited function determined by a score of less than 10 on the Short Physical Performance Battery 

and/or a score of less than 57 on the Continuous Scale Physical Functional Performance 10 item 

test.  Therefore, in this study the following hypotheses will be tested. 

Hypotheses 

1. Self-report and performance-based physical function measures will correlate with 

each other.   

2. Older adults sampled from a low income, low education population will be at risk for 

preclinical disability.  

3. Physical functional performance will increase significantly in a group randomly 

assigned to a 16-week walking intervention as compared to a nutrition education 

intervention.   

Significance of the Study 

 Since the older adult population is the most rapidly growing segment of the US 

population, researchers are focusing on quality as well as quantity of life (Guralnik & LaCroix, 

1992).  The significance of this study is that it promotes the two overall goals of Healthy People 

2010, which are to 1) increase quality of life and years of healthy life and 2) eliminate health 

disparities (USDHHS, 2000).  Quality of life of an older adult is more dependent on the level of 

functioning than on specific disease processes (Guralnik, Branch, Cummings, & Curb 1989), 

with the level of functioning making the difference between independence and dependence.  This 

study addresses the impact of improving and maintaining functional capacity in lower 

socioeconomic older adults using lifestyle intervention strategies.  Walking and nutrition 
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education programs should be a major focus in the older adult community due to the potential of 

enhancing functional capacity.  The older adult population, and specifically those with lower 

socioeconomic status, are the most inactive, and therefore are at greatest need for effective 

physical activity programming.  Physical inactivity is more prevalent among women, minorities, 

older adults, and the less affluent (USDHHS, 2000).  This study addresses the ability to 

implement a community-based physical activity program and adds to the literature on the 

understanding of the effect walking and nutrition education has on physical function in the older 

adult population with low socioeconomic status. 

Limitations of the Study 

Limitations to this study include small sample size and assessors were not blinded to the 

group assignment therefore, these results may not apply to all older adult populations. 
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CHAPTER 2 

REVIEW OF LITERATURE 
 

This chapter reviews information on physical activity, physical function, aerobic 

capacity, physical reserve, and the effects of exercise training on physical function and aerobic 

capacity.  The research demonstrates the need for interventions to reduce the risk of dependence 

in older adults.  

Physical Activity 

With the advancing age of the population, there is a major need to enhance the quality of 

life.  Increasing physical activity is one of the most feasible interventions.  Non-pharmacological 

interventions may be the most efficacious for older people due to the economic burden and side 

effects of drug therapy (Sowers, 1987).  Physical activity has been identified as a modifiable 

behavioral risk factor relating to health and quality of life among older adults (Heckler, 1985).  

Physical activity is defined as any bodily movement produced by skeletal muscle that results in 

energy expenditure (Caspersen et al., 1985).  Scientific evidence increasingly indicates that 

physical activity offers one of the greatest opportunities to extend years of active independent 

life, reduce disability, and improve quality of life for older persons as well (National Blueprint, 

2002). 

Physical activity can produce physical and psychological benefits.  Regular physical 

activity can improve health in the following ways: 1) reduce the risk of dying prematurely, 2) 

help control weight, 3) help control blood pressure, 4) reduce the risk for dying from 

cardiovascular disease, 5) help control blood cholesterol levels, 6) decrease the risk of 
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developing diabetes, 7) decrease feelings of anxiety and depression, 8) decrease the risk of colon 

cancer, 9) help maintain healthy bones and muscle, 10) improve the use of oxygen, 11) improve 

mental alertness, 12) reduce isolation and 13) increase vitality (WHO, 2002).  The American 

College of Sports Medicine recommends a regular physical activity program to elicit changes in 

the cardiovascular system, and changes in certain cardiovascular-disease risk factors that run 

counter to deteriorations normally associated with aging (Pate et al., 1995).  Participation in 

regular physical activity elicits a number of favorable responses that contribute to healthy aging 

(Mazzeo et al., 1998).  

The consequences of physical inactivity result in serious public health problems.  The 

older adult population are the most inactive and at the greatest risk for chronic disease.  Research 

has shown that only 10% of the older adult population adheres to the ACSM and CDC 

recommended exercise guidelines (Kushi, et al., 1997& Pahor et al., 1994).  Approximately $84 

million was spent annually by Medicare and Medicaid programs on chronic diseases which could 

have been prevented or improved by physical activity (USDHHS, 2002).   

There are many factors that can prevent older adults from participating in physical 

activity, but there are just as many ways to overcome those factors.  Communication can prevent 

older adults from understanding the critical importance of physical activity.  Information 

delivered through culturally appropriate education programs can provide the tools for all older 

adults to take charge of their health and learn about effective lifestyle modifications.  Since some 

older adults feel that they cannot reverse their years of inactivity, health providers need to 

encourage more physical activity.  Fewer than 50% of older adults report that they have ever 

received a suggestion to exercise from their physicians (Damush, 1999).  Positive support 

encourages older adults to participate in physical activity since 20% of older adult believe they 
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are “too old to exercise” (Cohen-Mansfield, Marx, & Guralnik, 2003).  Older adults are afraid 

that physical activity will increase their risk for falls but research has demonstrated that physical 

activity decreases the risk of falls and improves bone density (Wolf et al., 1996).  Physical 

activity does not have to be strenuous to be beneficial; people of all ages benefit from 

participating in regular, moderate-intensity physical activity, such as 30 minutes of brisk walking 

five or more times a week (ACSM, 2001).  Older adults can increase their physical activity by 

taking the stairs and not the elevator.  Physical activity must be become a part of daily routines to 

improve quality of life. 

Physical Function  
 

Physical function is a key component of independent living.  Physiological capacities and 

physical performance mediated by psychosocial factors determine physical function (Cress et al., 

1996).  The quality of life of an older adult is more dependent on his or her level of functioning 

and ability to remain independent than by specific diseases (Guralnik, Branch, Cummings, & 

Curb, 1989).  There are numerous assessments of physical function ranging from single- to 

multi-items of performance-based and self-report.  Moderate relationships have been found 

between performance-based and self-report measures of physical function (Sherman & Reuben, 

1998).  The Medical Outcomes Study (SF36PF) self-reported health survey physical function 

domain is highly correlated with performance-based tests (Cress et al., 1996).  Self-reported 

assessments may provide supplemental information that may not be obtained through 

observation and performance-based may provide assessments that can not be obtained 

subjectively (NIA, 1993). 

Researchers have developed several reliable and valid physical function assessments that 

measure physical function in older adults with a broad range of abilities (Cress et al., 1996, 



 9

Guralnik et al., 1994 & Reuben et al., 1990).  Performance-based tests such as the Physical 

Performance Test (PPT) (Reuben et al., 1990) and the Short Physical Performance Battery 

(SPPB) (Guralnik et al., 1994) are predictive of disability.  The PPT is a nine-item test that is 

used to assess multiple aspects of daily living.  A PPT score of 15-to-18 is predictive of death or 

institutionalization in older adults (Reuben et al., 1992).  The SPPB is used to assess mobility.  

From epidemiological studies a score of 4-to-6 on the SPPB is predictive of higher risk of 

nursing home admission, incident disability, and mortality (Guralnik et al., 1995, Guralnik et al., 

2000).  The Continuous Scale Physical Functional Performance (CS-PFP) test is comprised of 16 

household tasks performed sequentially where time, distance and weight are used to evaluate 

functional ability. The CS-PFP can be used to predict the probability of independence (Cress et 

al., 1996).  A threshold of 57 on the CS-PFP and a peak oxygen consumption of 20 ml.kg-1.min-1 

are predictive of independent living status in older adults (Cress & Meyer, 2003).   

Disability 

Disability is the reduction in the relationship between an individual and the environment 

due to the social effects of a physical or mental impairment (Verbrugge & Jette, 1994).  A single 

catastrophic event can cause an individual to become disabled (Campbell & Buchner, 1997).  

The prevention of disability is a top priority for the older adult population (Lonergan, 1991).  

Disability is related to quality of life, mortality, health care needs, and institutionalization 

(Guralnik et al., 1996).  Risk factors for risk of disability are age (60 and older), being female, 

race (African American), income (≤$20,000 a year) and fewer years of education (Guralnik et 

al., 1993; House et al., 1994; LaCroix et al., 1993; Stuck et al., 1999; Melzer et al., 2001).  

Lilienfeld & Lilienfeld, 1980 stated that there is a preclinical or subclinical state of disability 

characterized by early functional limitations that may not be apparent (Fried et al, 1991).  
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Preclinical disability is defined as early functional loss before the recognition of difficulty 

performing tasks (Fried et al, 1991).  This operationalized definition can be used to identify 

individuals at risk of preclinical disability using performance-based and self-report physical 

function measures.  The CS-PFP is one measure of preclinical disability using a score of <57 

(55-58) (Cress & Meyers, 2003).  

Physical Reserve 

Advancing age, sedentary lifestyle, and chronic diseases are associated with decreases in 

aerobic capacity (Young, 1986).  A decline in aerobic capacity causes an individual to work at a 

higher percentage of their maximum capacity during activities (Young, 1986), thus limiting the 

ability to complete certain activities of daily living.  Physical function and measures of 

physiological capacity such as, maximal oxygen consumption are curvilinearly related to each 

other (Buchner & deLateur, 1991).  A threshold was conceptualized as the bend in the curve, 

above which the slope of the relationship of physiological capacity and physical function is 

closer to zero and below which the relationship is closer to one.  Using a piecewise regression 

and data from 196 ambulatory older adults who had performed the CS-PFP test, threshold and 

confidence intervals were identified.  The threshold of 20 ml.kg-1.min-1 (95% CI= 17.33, 22.92) 

was identified for peak oxygen consumption and that threshold was associated with a CS-PFP 

score of 55.3 (95% CI = 47.8, 56.2).  Below the threshold, the slope in the line indicates that one 

unit change in peak oxygen consumption was associated with an eight-fold greater change in CS-

PFP score (Cress & Meyer, 2003).  Above the threshold, the slope of the line indicated that for 

each unit change in peak oxygen consumption the change in CS-PFP scores was less than one 

unit (Cress & Meyer, 2003).  These data were gathered in research from a cross sectional study 

design and the concepts have not been tested with a longitudinal research design.  While factors 
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other than aerobic capacity, such as mental health, strength, flexibility and balance may also 

factor into the change in physical function the extent to which a moderate intensity aerobic 

training program can change physical function in those with low or high peak oxygen 

consumption (VO2peak) is not fully understood.   

The concept of physical reserve has been posited as an older adult’s physiologic capacity 

in excess of that required for the performance of activities of daily living (Buchner & deLateur, 

1991).  Older adults who lack a physical reserve are at the greatest risk of losing their ability to 

live independently and have the greatest need to preserve or increase their physical function and 

aerobic capacity.  Using the CS-PFP threshold of 57 an individual with a total CS-PFP score of 

30 will have a 40% chance of remaining independent (Cress & Meyer, 2003).  On the other hand, 

a person with an aerobic capacity above 20 ml.kg-1.min-1 and a CS-PFP score of 70 will have a 

90% chance of being independent.  While both individuals can increase their aerobic capacity 

through an exercise program, the person below the threshold will increase his or her physical 

function more than the person above the threshold who will boost his or her physical reserve.  

Oxygen consumption declines approximately 1% per year after the third decade of life 

(Astrand, 1960).  Healthy sedentary adults aged 75 - 80 may have VO2peak values ranging from 

18 - 30 ml.kg-1.min-1 (Kohrt & Holloszy, 1995).  The average aerobic capacity for sedentary 

women over the age of 60 years is 22.4±1.2 ml.kg-1.min-1 (Tanaka et al., 1997).  The aerobic 

capacity that has been posited as that needed to live independently ranges from 18 – 20 ml.kg-

1.min-1 (Cress & Meyer, 2003, Morey et al., 1998 & Posner et al., 1995).  Those with aerobic 

capacity in this range are most likely in a transitional range, which has been described as a 

precipice or “slippery slope” where any further loss in aerobic capacity results in a 

disproportional loss in physical function (Schwartz, 1997).   
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The impact of various life events that interrupt physical activity such as a short bout of 

pneumonia or elective surgery can result in rapid decline in physical function of older adults 

differently depending upon their aerobic capacity prior to the interruption in physical activity 

(Wagner, LaCroix, Buchner, & Larson, 1992).  Experiencing the same loss in aerobic capacity, 

the adult with high aerobic capacity may have a minimal loss in physical function after several 

days of hospitalization, while an older adult with low aerobic capacity will have greater loss in 

physical function leading to functional dependence (Schwartz, 1997).  Aerobic training is an 

effective method for older adults to maintain this minimal aerobic capacity needed for 

independence (Blumenthal et al., 1989). 

Exercise Training 

Regardless of previous physical activity patterns and current training status, older adults 

demonstrate a positive response to aerobic training (Stamford, 1988).  The degree of change with 

training, expressed in relative terms, appears to be comparable to that demonstrated by younger 

subjects (Stamford, 1988).  Exercising for about 30 minutes per day, three times per week for at 

least eight weeks can improve an older adult’s VO2max by approximately 3.5 ml.kg-1.min-1(Green 

& Crouse, 1995).  An increase of this amount could prove to be the difference between 

independent daily living and reliance on some form of assistance, a benefit highly valued by a 

great many elderly individuals and their caregivers (Green & Crouse, 1995).  

Researchers have shown that sixteen weeks of aerobic training increases peak oxygen 

consumption by 11.6% in older adults with a mean baseline VO2peak value of 19.4±5.3 

 ml.kg-1.min-1  (Blumenthal et al., 1989), resulting in a physical reserve of about 2 ml.kg-1.min-1. 

Endurance training for eight weeks at moderate intensity improved VO2max by 11% in older 

adults (Poehlman et al., 1994).  Research has also demonstrated that twelve weeks of high 
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intensity endurance training increased VO2max by 38% in 60 – 70 year old men (Makrides et al., 

1990).  A six-month endurance training program in older adults 60-79 years old increased  

VO2max by 16% with moderate intensity aerobic activity and by 26.9% with high intensity 

training (Braith et al., 1994).  Additionally, a 12 month endurance training program at moderate 

intensity increased VO2max by 20 - 30% in 60 – 70 year old women and men (Kohrt et al., 1991).  

In contrast, not all studies demonstrate improvements in aerobic capacity after endurance 

training. A study of 25 older women divided into three groups of high intensity aerobic training, 

moderate intensity training and stretching did not increase peak aerobic capacity after nine 

months (DiPietro et al., 2006).  By in large there is consistent evidence that endurance training 

can improve maximal oxygen consumption in older adults.  However, little is known about the 

influence of experimentally induced increases in aerobic capacity on physical function.  

Theoretically, older adults with lower aerobic capacity and physical function have the 

most to gain from interventions that maintain or improve physical performance (King et al., 

2002).  Exercise interventions can provide beneficial effects on functional capacity (Ettinger, 

1996).  A twelve-week progressive resistance-training program of 21 women 70 years and older 

demonstrated significant improvements in physical function measured by the Short Physical 

Performance Battery (SPPB) (Bean et al, 2004).  In a sample of 116 women,  a six-month 

strength and balance exercise program induced improvements in balance and chair stand 

components of the SPPB but not the total score (Campbell et al., 1997).  A low-intensity exercise 

program increased physical function determined by the SPPB total score in 105 men and women 

over a six-month time period (DeVito, et al., 2003).  A six-month multidimensional home-based 

exercise program improved physical function measured by the SPPB and the Physical 

Performance Test (PPT) in 72 men and women (Nelson et al., 2004).  Also a nine-month 
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flexibility, balance, strength and endurance training program demonstrated significant 

improvements in physical function determined by the modified PPT with a sample of 115 men 

and women (Binder et al, 2002).  Additionally, Cress et al., 1999 demonstrated significant 

improvements in physical function using the Continuous Scale Physical Functional Performance 

(CS-PFP) test after a six-month aerobic and strength training program in a sample of 49 men and 

women.  A 16-week strength and power training program in a sample of 35 men and women 

demonstrated that power training improved physical function determined by the CS-PFP more 

than strength training (Miszko et al., 2003). A six-month resistance training program improved 

physical function measured by the CS-PFP in a sample of cardiac women (Ades et al., 2003, 

Brochu et al., 2002).  However, Barnett et al, 2003 did not demonstrate significant improvements 

in self-reported physical function (SF36PF) after a six month community-based functional 

exercise program in a sample of 163 older people.  Also a ten-week home-based resistance 

training program did not increase the SF36PF scores in functionally impaired men and women 

(Chandler et al, 1998).  In summary the literature suggests that performance-based measures 

have greater sensitivity to detect change due to exercise intervention than self-report functional 

assessment. Studies using the SPPB and the PPT had sample sizes of 70 and greater, whereas the 

studies using the CS-PFP had sample size of less than 35 and still detected change.  

Researchers have demonstrated that walking provides numerous health benefits, yet 

strength training or a combination of strength and aerobic training programs have been the most 

frequently used intervention to improve physical function (Ades et al., 2003, Bean et al, 2004, 

Binder et al., 2002, Cress et al., 1999).  Walking, a type of activity that requires little additional 

skill or training to perform can improve performance and aerobic capacity (Wong et al., 2003).  

Habitual walking may play a role in the prevention of disability by maintaining and/or improving 
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daily physical function and functional reserve, and increasing the level of activity (Wong et al., 

2003).  Researchers have demonstrated that encouraging more activity can be as simple as 

establishing walking programs in the community (USDHHS, 2002). 
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ABSTRACT 

OBJECTIVES. Older adults with low socioeconomic status are at increase risk of disability. 

The objective of this study was to examine disability and the relationships of some frequently 

used physical function measures with established benchmarks for identifying risk of disability in 

older adults with low education and low income.  

DESIGN. Descriptive study. 

SETTING. Community-based public housing apartment building with residents from the greater 

Athens, Georgia area. 

PARTICIPANTS.  Twenty-six community-dwelling older adults. 

MEASUREMENTS.  Physical function was assessed using four different measures: Continuous 

Scale Physical Functional Performance 10 item test (CS-PFP 10), Physical Performance Test 

(PPT), Short Physical Performance Battery (SPPB), and the Medical Outcomes Study Short 

Form Health Survey Physical Function subscale (SF36PF).  Descriptive statistics were used to 

determine the means and standard deviations.  Pearson product moment correlations were used to 

quantify the relationships between physical function variables and to assess gender differences. 

RESULTS. The mean age of the participants was 71.5±8.1 years (60-90 yrs). Eighty-eight 

percent of the participants were at risk for preclinical disability of which 50% were at risk for 

moderate disability. The performance-based physical function measures were correlated (p<0.05) 

with each other, however the SF36PF was only correlated with the PFP-10 (p<0.05).   

 CONCLUSION. In this sample the participants at risk by virtue of low socioeconomic status 

were stratified into risk categories of moderate and low risk of disability using the SPPB.  

Participant’s preclinical disability status was identified by a mis-match between self-report and 

performance-based function, where self-report function was greater than performance.  These 
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individuals could benefit from physical activity intervention programs to improve physical 

function.  Those individuals with high functional performance on the CS-PFP 10 had a physical 

reserve.  Those who have low physical performance and low self-report may already be 

receiving services or less likely to comply with a physical activity program due to multiple co-

morbidities.   

KEY WORDS: physical function, preclinical disability, low socioeconomic older adults 
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INTRODUCTION 

With the older adult population steadily increasing, researchers are focusing on quality as 

well as quantity of life.1  Quality of life of an older adult includes not only specific disease 

processes but also the level of functioning.2 This level of functioning can mean the difference 

between independent and dependent living.  Accurate assessment of physical function can be 

used to evaluate change in functional capacity, health status, and risk prediction to prevent future 

adverse events.  Valid and reliable measures of physical function are important for accurate 

assessment of functional risk and strategizing interventions to maintain independence.  

Self-report and performance-based physical function assessments provide valuable 

information about functional limitations and predict health-related outcomes in older adults.2,3  

Self-report measures are commonly used because they are easily administered, economical, and 

provide insights into a person’s perception of function.4  However, self-report measures more 

than performance-based measures are apt to be influenced by psychosocial factors such as 

cognitive impairment and depression.2,5  Environmental factors such as living status can also 

play a role in self-report physical function measures,6  These factors can contribute to limitations 

in the ability to detect a range or a change in function.2,7  Self-report combined with 

performance-based measures of  physical function have been shown to predict preclinical 

disability.8   

Since 1990, several performance-based measures have been developed to quantify 

functional performance, a shift in focus from functional limitation as measured in self-report 

questionnaires to observed ability.8,9,10  Performance-based measures range from a single item 

such as the six-minute walk to multi-item tests such as the Physical Performance Test, and from 

a single focus such as the Short Physical Performance Battery focus on mobility to 
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multidimensional concepts such as the Continuous Scale Physical Functional Performance 10 

item test (CS-PFP 10), a global measure of physical function with subscales for strength, 

flexibility, balance & coordination, and endurance.  Objective performance assessment is 

relatively independent of educational, cognitive, and cultural bias.2  Performance-based measures 

may require adequate space, specific equipment, special training of assessors, and more time to 

administer2,11 than self-report measures.  These performance-based and self-report measures 

have established benchmarks for preclinical disability and risk of disability.  Preclinical 

disability is defined as functional loss before the recognition of difficulty performing tasks 12.   

In a descriptive study to better understand how to interpret these measures and the 

relationships between some frequently used physical function measures, we administered several 

functional assessment tools with benchmarks for identification of risk of preclinical disability or 

disability in a population that is demographically defined as being “at risk” for loss of 

independence.  The measures chosen include the Continuous Scale Physical Functional 

Performance 10 item test (CS-PFP 10), Short Physical Performance Battery (SPPB), Physical 

Performance Test 7-item (PPT 7-item), Physical Performance Test 9-item (PPT 9-item) and the 

SF36 Physical Function subscale (SF36PF).  We hypothesized that these physical functional 

measures would correlate with each other and that the CS-PFP 10 would identify older adults at 

risk for preclinical disability.  

METHODS 

Subjects 

Men and women ages 60 and older were recruited using flyers, public service 

announcements, and presentations at older adult facilities in the Athens, Georgia community. 

Twenty-six of the forty volunteers were eligible using a health screen and having received 
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medical clearance from their physician to participate in the study.  All participants signed a 

written informed consent approved by University of Georgia’s Institutional Review Board. 

Exclusion criteria included poorly controlled or unstable cardiovascular disease, unstable angina 

as characterized by an abrupt increase in the frequency of angina or angina at rest or angina 

symptoms of >2 on a scale of 1-4, heart failure, uncontrolled arrhythmias, severe and 

symptomatic aortic stenosis, uncontrolled casual blood glucose >200 mg/dl (casual is defined as 

blood glucose taken at any time of day without regard to the time of the last meal), severe 

psychiatric illness that limits cooperation in general and the ability to follow directions or keep 

appointments, uncontrolled hypertension or a blood pressure of >140/90 at rest, leg or arm 

amputation, excessive alcohol intake defined as >3 drinks/day, terminal illness (life expectancy < 

1 year),  and other conditions that are aggravated by exercise as identified by their physician.   

Self-Reported Physical Function  

Medical Outcome Survey 

The Medical Outcomes Study Short Form Health Survey (SF36) is a reliable and valid 

self-report questionnaire that assesses eight health domains: physical functioning, role-physical, 

bodily pain, general health, vitality, social functioning, role-emotional, and mental health.13,14  

The SF36 physical function (SF36PF) subscale uses a three-level response: (limited a lot, limited 

a little, or not limited at all) to assess 10 physical limitations.3  Scores range from 0-to-100, with 

0 reflecting poorer self-rated health status.  A score of <65 indicates low probability of 

independence.8  The SF36PF was administered prior to the performance-based physical function 

measures so participants did not gain insights from their performance. 
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Functional Performance Measurements 

Short Physical Performance Battery (SPPB) 

  The Short Physical Performance Battery of lower extremity function is a valid measure 

that predicts mortality and institutionalization in community-dwelling older adults with a broad 

range of abilities.15  The SPPB consists of (1) three standing balance measures (tandem, semi-

tandem, and side-by-side stands), (2) five continuous chair stands, and (3) an 8-foot walk.  The 

three balance tests are considered as hierarchical in difficulty in assigning a single score of 0-to-4 

for standing balance.15  Individuals who cannot complete the tasks are given the score of 0.  

Individuals who complete the tasks will be assigned scores of 1-to-4 based on their time, with the 

fastest time being scored as a 4.  The scores for the 8-foot walk, chair stands, and balance 

measures are summarized to get a total score ranging from 0-to-12.15  Epidemiological studies 

indicate that older adults with total scores of 4-to-6 have a high risk, scores of 7-to-9 have a 

moderate risk and scores of 10-to-12 have a low risk of nursing home admission, incident 

disability, and mortality.9,16  

Physical Performance Test (PPT) 

  The Physical Performance Test is a reliable and valid measure that assesses multiple 

aspects of physical function using observed performance of tasks that simulate activities of daily 

living of various degrees of difficulty.17  The 7-item test consists of (1) writing a sentence, (2) 

simulated eating, (3) lifting a book, (4) putting on and removing a jacket, (5) picking up a penny 

from the floor, (6) turning 360 degrees, and (7) walking 50 feet.  The 9-item test includes the 7-

item tasks with the addition of (8) climbing one flight of stairs and (9) the number of flights of 

stairs climbed.  Each item is scored based on a five-point scale (0-to-4) in which “0” is “unable 

to complete” and “4” is “most capable or fastest”.  The best possible score on the 7-item test is 
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28 and 36 on the 9-item test.17  A PPT score of 15-to-18 has been reported to be predictive of 

death or nursing home placement in older adults.10  

Continuous Scale Physical Functional Performance 10 item test (CS-PFP 10) 

 The Continuous Scale Physical Functional Performance 10 item test, a shortened version 

of the Continuous Scale Physical Functional Performance (CS-PFP) test,18 is a reliable and valid 

measure of physical function that preserves the important information provided by the CS-PFP.19 

The CS-PFP 10 is comprised of 10 household tasks performed sequentially where time, distance 

and weight are used to evaluate functional ability.  The CS-PFP 10 is a reflection of the person’s 

functional capacity, as each task is performed at maximal effort within the person’s judgment of 

comfort and safety.  Tasks that are quantified using both weight and time include: (1) carrying a 

pot of weight from one counter to another; and (2) carrying groceries onto and off a 4-step 

platform. Tasks that are quantified by time alone include: (1) transferring laundry; (2) donning 

and removing a jacket; (3) sweeping kitty litter into a dustpan; (4) climbing stairs; (5) sitting 

down and getting up from the floor; and (6) picking up four scarves from the floor.  Tasks that 

are quantified by distance include: (1) a 6-minute walk and (2) a maximal reach using an 

adjustable shelf.  A detailed description of the tasks and test set-up is available at 

www.coe.uga.edu/cspfp.  The test is administered in a standardized environment with a set 

dialogue.  The raw scores for each task are adjusted to a scale of 0-to-100, where 0 is the poorest 

performance.  The average of all scores is used to determine the CS-PFP 10 total score and the 

average task scores for each domain determine each total domain score.  Physical domain scores 

include upper body strength (UBS), upper body flexibility (UBF), lower body strength (LBS), 

balance and coordination (BALC), and endurance (END).  A score of <57 (55-58) indicates 

decreased probability of living independently or preclinical disability.8 

http://www.coe.uga.edu/cspfp


 24

STATISTICAL ANALYSIS 

Data were analyzed using SPSS (version 13.0, SPSS, Inc., Chicago, IL) statistical 

software package.  Descriptive statistics were used to determine the means and standard 

deviations.  Pearson product moment correlations were used to quantify the relationships 

between physical function variables and to assess gender differences.  Statistical significance 

was set at alpha level ≤0.05.  

RESULTS 

Selected characteristics are listed in Table 1.  The participants were predominantly low 

socioeconomic older adults.  Thirty-eight percent of the participants’ annual income fell below 

poverty level ($9570 annually).20  The descriptive physical function scores are reported in Table 

2.  Eighty-eight percent of the participants were at risk for preclinical disability of which 50% 

were at risk for moderate disability. (Table 3).  There were no floor effects, meaning there were 

no individuals unable to perform at least one of the tasks on any of the physical function 

measures.  However, ceiling effects, individuals clustered at the top of the range, were found on 

the SPPB (7.7%), PPT 7-item (7.7%), and the SF36PF (11.5%).  No ceiling effects were found 

on the CS-PFP 10 and PPT 9-item.  Correlations among the physical function measures are 

reported in Table 4.  The relationship among the physical function measures remained significant 

after limiting the sample to just females.  All performance-based physical function measures 

were correlated (p<0.05) with each other, however the SF36PF was only correlated with the CS-

PFP 10 (p<0.05).   

DISCUSSION 

 Disability can influence quality of life, mortality, health care needs, and 

institutionalization21.  Risk factors for risk of disability are age (60 and older), being female, race 
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(African American), income (≤$20,000 a year) and fewer years of education22-26.  The sample 

studied in this research population was older (mean age = 71.5), low income (≤$20,000; 80.8%), 

women (84.6%), with limited education (high school or less; 61.5%) and minority status (African 

Americans 34.5%).  One purpose of this research was to examine the level of disability in this 

population.  Only 15% of the participants had a physical reserve and were not at risk of 

preclinical disability using the >57 benchmark on the CS-PFP 10 and ≥65 on the SF36PF (Table 

3.3).  Fifty percent of the participants were at moderate risk for disability using the 7-to-9 

benchmark on the SPPB.  Approximately 27% of the participants were determined to be at risk 

for dependency using the benchmark of <65 on the SF36PF.  All study participants were found 

to be above the benchmark established for risk of nursing home placement and death using the 

PPT 7-item (<15).  Therefore, the focus of the discussion is on the SF36PF, SPPB and CS-PFP 

10 scores.  The performance-based measures were significantly correlated (r = 0.695- 0.974) as 

shown in Table 3.4.  The self-report SF36PF was significantly correlated with only the CS-PFP 

10 total performance-based measure.    

To better understand the risk of preclinical disability, the participants were divided into 

categories based on high (≥65 on the SF36PF & ≥57 on the CS-PFP 10) and low (<65 on the 

SF36PF & <57 on the CS-PFP 10) self-report and performance-based physical function8.  

Approximately 15% (n = 4) of the participants had alignment between high self-report (SF36PF 

≥65; mean = 86.3) and high performance-based function (≥57 on CS-PFP 10; mean = 62.4).  The 

SPPB mean score was 11 indicating that these individuals were at the lowest risk for disability. 

The alignment of high self-report and high performance-based function with confirmation on the 

SPPB (low risk of disability) was an indicator of functional independence.  Approximately 58% 

(n = 15) of the participants had inconsistent alignment between self-report and performance-
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based function, reporting high function (SF36PF ≥65; mean = 83.9) and demonstrating low 

functional performance (CS-PFP 10 <57; mean = 47.9).  These individuals can be categorized as 

having preclinical disability and are at moderate risk for disability with a mean score of 9 on the 

SPPB.  These participants may show the greatest benefit from a physical activity intervention. If 

these individuals become aware of their limited functional performance, they may be motivated 

to participate in an intervention.  The final 27% (n = 7) of the participants were aligned with low 

self-report (SF36PF <65; mean = 42.5) and low performance-based (CS-PFP 10 <57; mean = 

39).  The SPPB mean score was 8 also indicating that this portion of the sample is at moderate 

risk for disability.  These data may forecast the need of support services such as meals on wheels 

for these individuals to remain living in their same environment. 

This study has several limitations.  The sample size was small and there was a lack of 

individuals in the highest risk for disability (SPPB <6; PPT 7-item <15).  This may have been in 

part due to the institutional requirements that all participants receive a physician’s clearance to 

participate in the study.  Future research is warranted to examine a larger sample size with 

individuals that have a broad range of functional abilities and to evaluate the ability of a physical 

activity program to improve function.   

In conclusion, in this sample the participants at risk by virtue of low socioeconomic 

status were stratified into risk categories of moderate and low risk of disability using the SPPB.  

Participant’s preclinical disability status was identified by a mis-match between self-report and 

performance-based function, where self-report function was greater than performance.  These 

individuals could benefit from physical activity intervention programs to improve physical 

function and the ability to remain independent.  Those individuals with high functional 

performance on the CS-PFP 10  had a physical reserve.  Those who have low physical 
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performance and low self-report may already be receiving services or less likely to comply with 

a physical activity program due to multiple co-morbidities.  
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Table 3.1. Characteristics of Study Population   
  N = 26 
Age (y), mean ± SD 71.5±8.1
Gender (% female) 84.6% 
Race (%)  
Caucasian 65.4% 
African-American 34.6% 
Education (%)  
Less than 12 years 23.0% 
High school completed 38.5% 
College degree 38.5% 
Annual Income  
≤$20,000 80.8% 
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Table 3.2. Physical Function Scores (N=26)   
  MEAN±SD RANGE 
SF 36 Physical Function subscale 74.2±19.3 25-100 
Short Physical Performance Battery 9.3±2.0 2-12 
Physical Performance Test 7-item 23.3±3.3 15-28 
Physical Performance Test 9-item 29.7±4.5 17-35 
Continuous Scale Physical Functional 
Performance 10 item test 45.7±12.7 11.1-68.5 
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Table 3.3 Percentage of Participants at Risk  (N=26)   

PPT 
  SF36PF SPPB 7-item CS-PFP 10 
Range of possible scores 0-100 0-12 0-28 0-100 
Actual data range 25-100 2-12 15-28 11.1-68.5 
At risk summary score <65 ≤9 <15 <57 
High risk of disability ------- 3.8% ------ ------ 
Moderate risk of disability ------- 50.0% ----- ------ 
Risk of death or NHP ------- ------ 0% ------ 
Preclinical disability 26.90% ------ ------ 84.6% 
Notes: SF36PF= Self-reported 36 Physical Function subscale;  
SPPB = Short Physical Performance Battery;     
PPT 7-item = Physical Performance Test 7-item;   
CS-PFP 10 = Continuous Scale Physical Functional Performance-10 test; 
NHP = Nursing Home Placement    
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Table 3.4. Correlations of Physical Function Measures (N=26) 
 SF36PF SPPB PPT 7-item PPT 9-item CS-PFP 10 
SF36PF 1.000 0.192 0.269 0.361 0.511** 
SPPB  1.000 0.695** 0.731** 0.720** 
PPT 7-item   1.000 0.974** 0.819** 
PPT 9-item    1.000 0.822** 
CS-PFP 10     1.000 
Notes: SF36PF = SF36 Physical Function subscale; SPPB = Short Physical Performance 
Battery; PPT 7-item = Physical Performance Test 7-item; PPT 9-item = Physical 
Performance Test 9-item; CS-PFP 10 = Continuous Scale Physical Functional 
Performance 10 item test 
** p< 0.01 
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CHAPTER 4 

THE EFFECTS OF AEROBIC TRAINING AND NUTRITION EDUCATION ON 

FUNCTIONAL PERFORMANCE IN LOW SOCIOECONOMIC OLDER ADULTS2 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 Moore, T.L., Speer, E., Johnson, F., Johnson, M.A, Cress, M.E. To be submitted to Medicine & 
Science in Sports & Exercise 
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ABSTRACT 

Older adults, with low income, low education, and low physical reserves are at 

disproportional higher risk for chronic disease burden, functional limitations and disability and 

therefore may benefit from a physical activity program.  PURPOSE: This study investigated the 

effects of a walking intervention or a nutrition education intervention on functional performance 

in a randomized controlled trial of low socioeconomic older adults.  We hypothesized that the 

walking exercise group would demonstrate significant improvements compared to the control 

group in functional performance after the intervention.  METHODS: Twenty-four older adults 

with a mean age of 70.4±7.3 years were randomized to a walking exercise (WE) (N=12) or 

control group (N=12).  The WE group participated in walking at an aerobic intensity of 60-75% 

of maximum heart rate for 1 hour 3x/week for 16-weeks.  The control group received biweekly 

nutrition education presentations.  Peak aerobic capacity and physical function were measured at 

baseline and after the 16-week intervention.  RESULTS: The WE group significantly improved 

in peak aerobic capacity (18.9%), physical function (25%) when evaluated by the Continuous 

Scale Physical Functional Performance 10 item test compared to control group. The Physical 

Performance Test , Short Physical Performance Battery, and the Medical Outcomes Study Short 

Form Health Survey Physical Function subscale did not demonstrated significant improvement. 

DISCUSSION: Our findings highlight the importance of physical activity and indicates that 

walking, a simple exercise that can be done without specialized exercise leader or equipment can 

significantly increase peak aerobic capacity and physical function in just four months. 

 

KEY WORDS: PHYSICAL RESERVE, PEAK AEROBIC CAPACITY
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INTRODUCTION 
 

Older adults, with low income, low education, and low physical reserves are at 

disproportional higher risk for chronic disease burden, functional limitations and disability (16) 

due to poor health and lifestyles that occur more frequently among individuals of low 

socioeconomic status (25).  Physical inactivity is more prevalent among women, minorities, 

older adults, and the less affluent (27).  Physical inactivity in the older adult population has 

become a national public health risk; only 10% adheres to the ACSM and CDC recommended 

exercise guidelines (14, 21).   

Regular physical activity, a proven public health strategy to reduce disease, disability, 

and improve quality of life for older persons, is a non-pharmacological intervention for 

management of chronic disease (20).  Physically active individuals have lower health care 

utilization (22).  These benefits are particularly important for low socioeconomic older adults 

who are more apt to lack health care coverage and financial resources for assistance with 

disability (17). 

The key to late life independence may lie in midlife strategies that preserve physiologic 

capacity and maintain physical reserve.  Physical reserve, physiological capacity in excess of that 

required for the performance of activities of daily living, can be increased through endurance 

training.  Walking, a popular and effective method of increasing peak aerobic capacity is easily 

implemented in populations with limited resources for an exercise leader or facilities.  This study 

was designed to evaluate the effect of a walking or nutrition education intervention on functional 

performance with a randomized controlled trial in low socioeconomic older adults.  We 

hypothesized that the walking exercise group would demonstrate significant improvements in 

functional performance after the intervention.  
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METHODS 

Subjects.  Forty men and women aged 60 and older were recruited from the Athens, Georgia 

community.  Twenty-six volunteers (22 women and 4 men) received medical clearance from 

their physician and signed a written informed consent approved by University of Georgia’s 

Institutional Review Board.  Subjects were excluded from the study if they met the following 

criteria: poorly controlled or unstable cardiovascular disease, unstable angina as characterized by 

an abrupt increase in the frequency of angina or angina at rest or angina symptoms of >2 on a 

scale of 1-4, heart failure, uncontrolled arrhythmias, severe and symptomatic aortic stenosis, 

uncontrolled casual blood glucose >200 mg/dl (casual is defined as blood glucose taken at any 

time of day without regard to the time of the last meal), severe psychiatric illness that limits 

cooperation in general and the ability to follow directions or keep appointments, uncontrolled 

hypertension or a blood pressure of >140/90 at rest, leg or arm amputation, excessive alcohol 

intake defined as >3 drinks/day, terminal illness (life expectancy < 1 year),  and other conditions 

that are aggravated by exercise as identified by their physician.   

Experimental design.  Participants were randomized into a control or a walking exercise group. 

Baselines measures were evaluated before and after the 16-week intervention.  Health status 

questionnaires were completed prior to performance tests so participants did not gain insights 

from their performance.  Peak oxygen consumption testing and physical function tests took place 

on different days within a week time period.  The control group was given the opportunity to join 

the walking program after completion of exit testing. 

Self-reported health status.  The Medical Outcomes Study 36-Item Short Form Health Survey 

(SF36) is a reliable and valid self-report measure of general health, functioning, and quality of 

life.  The SF36 consists of eight health concepts: vitality, role-physical, role-emotional, physical 
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function, mental health, general health, bodily pain, and social functioning (29).  Scores range 

from 0-to-100, with 0 reflecting the poorest self-rated health status.  A score of <65 indicates low 

probability of independence (9).  The SF36PF was administered prior to the performance-based 

physical function measures so participants did not gain insights from their performance. 

Physical Function.  The Continuous Scale Physical Functional Performance 10 item test (CS-

PFP 10), a shortened version of the Continuous Scale Physical Functional Performance (CS-

PFP) test (7) is a reliable and valid measure of physical function that preserves the important 

information provided by the CS-PFP (10).  The CS-PFP 10 is comprised of 10 household tasks 

performed sequentially under standard conditions and with a scripted dialogue.  The CS-PFP 10 

is a reflection of the person’s functional capacity, as each task is performed at maximal effort 

within the person’s judgment of comfort and safety.  Tasks that are quantified using both weight 

and time include: (1) carrying a pot of weight from one counter to another; and (2) carrying 

groceries onto and off a 4-step platform.  Tasks that are quantified by time alone include: (1) 

transferring laundry; (2) donning and removing a jacket; (3) sweeping kitty litter into a dustpan; 

(4) climbing stairs; (5) sitting down and getting up from the floor; and (6) picking up four 

scarves from the floor.  Tasks that are quantified by distance include: (1) a 6-minute walk and (2) 

a maximal reach using an adjustable shelf.  A detailed description of the tasks and test set-up is 

available at www.coe.uga.edu/cspfp.  The raw scores for each task are adjusted to a scale of 0-to-

100, where 0 is poorest performance.  The measurements are summarized into a total score and 

five physical domains.  The average of all scores is used to determine the CS-PFP 10 total score 

and the average task scores for each domain determine each total domain score.  Physical domain 

scores include upper body strength (UBS), upper body flexibility (UBF), lower body strength 

http://www.coe.uga.edu/cspfp
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(LBS), balance and coordination (BALC), and endurance (END).  A score of <57 (55-58) 

indicates decreased probability of living independently or preclinical disability (9). 

Peak Aerobic Capacity.  Peak aerobic capacity (VO2peak) was assessed using a modified Balke 

treadmill protocol (2).  During a 2-minute warm-up, the fastest, most comfortable walking speed 

was determined and then maintained throughout the test while elevation was increased 2% every 

2 minutes.  A 12-lead electrocardiogram (Q-Stress® Exercise Test Monitor, Quinton. Inc., 

Bothell, WA) was continuously monitored by a physician.  Heart rate and blood pressure were 

recorded each minute.  Oxygen consumption measurements were collected at 30 second intervals 

using the Parvo Medics TrueOne 2400 Metabolic Measurement System (Parvo Medics, Inc., Salt 

Lake City, UT).  Using the Borg scale (6-20 scale), rating of perceived exertion was recorded at 

the end of each stage (4).  Peak aerobic capacity was defined as the highest value of oxygen 

consumption attained during the treadmill test.  Participants were tested to volitional exhaustion 

and met at least two of the three criteria: (1) maximum achieved heart rate within 10 beats/min of 

age-predicted maximum heart rate (13, 26), (2) respiratory exchange ratio of greater than 1.0 

(11), or (3) rating of perceived exertion of at least 18 on the Borg 6-20 Rating of Perceived 

Exertion Scale (13).  

Leg Strength.  Leg strength was assessed from a one-repetition maximum (1RM) using the leg 

press machine (Alliance Rehabilitation System, Chattanooga Group, Inc., Hixson, TN), where 

1RM is the maximal amount of weight that can be lifted once through the full range of motion 

while holding to good form (28).  After four-to-five warm-up repetitions, resistance was added 

until a maximal weight could be lifted.  Participants were given 30 second rest periods between 

each lift.  
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Exercise Intervention.  While the walking program focused on endurance, balance and 

flexibility training were also included.  The supervised classes met three times a week for 16 

weeks.  The program consisted of a 10-minute warm-up, 10 – 40 minutes of walking, followed 

by a 10-minute cool-down.  Initially, participants were encouraged to walk for 10-minutes 

continuously.  The duration of continuous walking was increased to 40-minutes by week eight.   

An exercise intensity of 60-75% of heart rate maximum (HRmax) was monitored using heart rate 

monitors (Polar A series) and also by Borg’s 6-20 self-rated perceived exertion (RPE) scale (4).  

The participants were taught to identify a RPE of 12-14, which is considered as moderate 

intensity (24).  Balance and flexibility exercises were included in the warm-up and cool-down 

segments of the class.  Participants were encouraged to attend all exercise classes (48 sessions) 

with make-up classes arranged as needed for those who missed classes.  All participants were 

required to attend two consecutive weeks of classes before exit testing.  The classes were held at 

Denney Tower that is a predominantly older adult public housing apartment complex in Athens, 

GA, along a cityscape walking path. 

Nutrition Intervention Controls.  The control group was given information about the benefits 

of nutrition with a focus on fruits and vegetables using the lessons from the NOAHnet program 

(www.arches.uga.edu/~noahnet/) during bi-weekly presentations.  Participants were given the 

opportunity to join the walking program after the sixteen-week intervention. 

Statistical Analysis.  Data were analyzed using the SPSS (version 13.0, SPSS Inc., Chicago, IL) 

statistical software package.  Descriptive statistics were calculated to obtain the means and 

standard deviations of each group.  Linear regression was used to determine the contribution of 

change in physiological capacity (VO2peak and 1RM) to change in function (CS-PFP 10, SPPB, 

and PPT).  Only those variables that had significant correlations were entered into the regression 

http://www.arches.uga.edu/~noahnet/
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equation.  Pearson product moment correlations were used to quantify the relationships between 

the physiological capacity and physical function measures.  ANOVA was used to determine 

group by time effects of the intervention on physiological capacity and functional measures.  

Statistical significance was set at p<0.01.  Results were reported as means ± standard deviations.     

RESULTS 

The demographic and selective characteristics of the participants are listed in Table 1. 

Twenty-six of forty volunteers were enrolled in the study. Sixteen volunteers were either unable 

to obtain physician clearance (N=7), or denied by their physician (N=4), or decided not to 

participate in the study (N=3).  Two volunteers, one from the control and one from the walking 

exercise group were not entered into the intervention programs due to the inability to complete 

the peak aerobic capacity test. Twenty-four older adults completed the study.  Seventy-nine 

percent of the participants had an annual income of ≤$20,000.  In addition, 38% fell below 

poverty level (<$9570 annually) (18).  At baseline, no significant differences were found 

between the groups in physical characteristics, physical function, peak aerobic capacity, leg 

strength and self-reported health status.  Eighty-eight percent (n = 21) of the participants met at 

least two of the three criteria for peak aerobic capacity at baseline and post intervention testing 

(Table 4.4). Participant’s compliance with attending the exercise class was 88.5%.  All physical 

domains of the CS-PFP 10 significantly improved in the walking exercise group (Table 2).  The 

CS-PFP 10 total score increased significantly by 25% (effect size = 0.75) compared to the 8.3% 

decline in the control group (Figure 4.1).  Peak aerobic capacity increased significantly by 18.9% 

(effect size = 0.46) in the walking exercise group compared to the control group which 

experienced a 9.2% reduction in peak aerobic capacity (Figure 4.2).  The correlation between the 

change in peak aerobic capacity and the change in physical function was r = 0.846.  Both groups 
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demonstrated nonsignificant improvements (7% control group and 6.6% walking exercise group) 

in 1RM.  The change in peak aerobic capacity accounted for 87% (Beta = .873) of the variance in 

the change in CS-PFP 10 total.  The walking exercise group showed a trend toward improvement 

in all health concepts of the SF36 (Table 3).  CS-PFP 10 was the only physical function measure 

that detected a significant change in physical function after the intervention (Figure 4.3).   

DISCUSSION 

Most studies have used samples that are predominately affluent, well educated 

Caucasians, this research is important because it is one of the few randomized controlled trials to 

focus on improving function in lower socioeconomic older adults.  The purpose of this study was 

to compare the effects of a walking intervention and nutrition education on functional 

performance in lower socioeconomic older adults.  At least 85% of the participants were at risk 

for preclinical disability (Moore , Chapter 3), indicating that this may benefit from a physical 

activity program to increase function forestall further declines in function. 

The results of this study indicate that peak aerobic capacity improved by 18.9% (effect 

size = 0.46) in our population after the sixteen-week walking program (Figure 4.2).  Our findings 

(Figure 4.2) are similar to previous studies on older adults where the aerobic capacity increased 

by 11-30% (3, 5, 15, 23).  Physical function improved in these study participants by 25% (effect 

size = 0.75) using CS-PFP 10 total score (Figure 4.1).  These improvements in function are 

similar to those found in other studies that used exercise training as an intervention (14% to 

24%) (6, 8, 19).  This study adds to the literature by showing a causal relationship between 

change in peak aerobic capacity and change in physical function (r = 0.846).  For each unit 

improvement in peak aerobic capacity the average improvement in CS-PFP 10 was four units.  

Previous work from this laboratory has determined 20 ml.kg.min-1 as the threshold between 
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physical function and aerobic capacity above which increases in aerobic capacity are a physical 

reserve (9).  The improvement in peak aerobic capacity provided the walking exercise group 

with a physical reserve of 3.6 ml.kg.min-1.  A physical reserve can make the difference between 

independent daily living and reliance on some form of assistance (12).  The reduction in peak 

aerobic capacity (9.2%) left the control group without the benefit of a physical reserve.  Before 

the intervention only 33% of the walking exercise group was above the benchmark of 57 on the 

CS-PFP 10 for loss of independence while following the intervention, nearly 75% of the walking 

exercise group was above the benchmark for loss of independence (CS-PFP 10 <57).   

Our findings indicate that the CS-PFP 10 was more responsive than the SPPB, the PPT 9-

item or the SF36PF which did not detect significant functional improvement after the 

intervention (Figure 4.3).  A possible explanation for the inability to detect change maybe the 

need for a larger sample size due to ordinal scaling of the SPPB and PPT 9-item measures.   

While the walking program mainly focused on endurance and lower body strength, 

compared to the control group the walking exercise group showed significant improvements in 

the upper body strength, upper body flexibility, balance and coordination domains of the CS-PFP 

10.  These improvements may have resulted from participants increasing their routine activities 

of daily living resulting in overall improvements in all domains.  Previous studies have shown 

that walking is convenient and easily accommodated into any daily routine (30).  Compliance 

with the program was 88.5% indicating that the participants tolerated a walking program held in 

Georgia in the months of May – September.  Program satisfaction can be gauged by the 100% 

retention rate from both the control group and the walking exercise group.  Walking in pairs and 

program leadership may have also contributed to the compliance and satisfaction with the 

walking program.  



 45

This study has several limitations.  The assessors were not blinded to the treatment 

groups.  The sample size was small.  This may have been in part due to the institutional 

requirements that all participants receive a physician’s clearance to participate in the study.   

Further research is warranted to determine if walking programs that are low cost and 

easily implemented could lead to public health strategies that decreased health care utilization 

and delay dependency.  Continued research is needed in lower socioeconomic populations to 

gather more information on interventions that preserve function.  In summary, our findings 

highlight the importance of physical activity and indicate that walking, a simple exercise that can 

be done without specialized exercise leader or equipment can significantly increase peak aerobic 

capacity and physical function in just four months. 
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Table 4.1. Selected Characteristics 

  
Walking Exercise 

(N=12) 
Control 
 (N=12) 

Age (yr, mean ± SD) 68.6±7.6 72.3±6.8 
Gender (% females) 83.3% 83.3% 
Race (% African American) 41.7% 16.7% 
Education (% ≤12 years) 33.3% 33.3% 
Annual Income (% ≤$20,000) 75.0% 83.3% 
Weight (kg, mean ± SD) 79.5±17.0 72.5±15.6 
Height (cm, mean ± SD) 167.4±10.9 164.2±8.9 
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Table 4.2 Baseline and Post Intervention Continuous Scale Physical Functional 
Performance 10 Item Test Scores  
  Walking Exercise Control   
  Baseline Post Intervention Baseline Post Intervention p-value
CS-PFP 10 total score 51.5±9.8 64.3±11.9* 44.7±9.3 41±8.1 0.001 
Upper body Strength 52.1±17.2 63.9±13.8* 42.1±11.7 38.7±11.9 0.001 
Upper body Flexibility 72.2±9.7 82.3±9.1* 66.7±16.6 61.4±14.2 0.003 
Lower Body Strength 42.3±11.9 55.5±14.1* 34.8±8.2 31.9±8.2 0.001 
Balance & Coordination 51.9±9.8 64.8±12.4* 46.6±9.7 42.4±8.4 0.001 
Endurance 53.0±9.9 66.7±12.5* 46.5±10.0 42.8±8.0 0.001 
Values are mean ± SD.       
*Significantly different (p<0.01) at 
Post Intervention between groups     
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Table 4.3. Baseline and Post Intervention SF36 Scores   
  Walking Exercise Control   
  Baseline Post Intervention Baseline Post Intervention p-value 
Physical Functioning 81.7±18.6 85.8±13.6 66.3±23.9 65±16.4 0.554 
Role-Physical 77.1±39.1 81.3±21.7 85.4±16.7 83.3±32.6 0.706 
Bodily Pain 68.1±17.5 69.3±25.2 61.9±19.7 60.7±20.2 0.788 
General Health 70.7±13.0 74.8±13.1 74.3±11.8 71.6±11.8 0.278 
Vitality 66.3±17.1 66.7±15.1 66.3±12.6 60.0±9.8 0.232 
Social Functioning 89.6±12.9 89.6±14.9 92.7±15.5 82.3±22.3 0.179 
Role-Emotional 75.0±35.2 83.3±33.3 88.9±21.7 88.9±29.6 0.530 
Mental Health 78±14.2 82±12.9 87.3±6.8 82.7±11.9 0.075 
Values are means ± SD     
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Table 4.4 Peak Aerobic Capacity Criteria           
 Group Age Sex Baseline Post Intervention 
        HR RPE RER HR RPE RER 

1 N 74 F X X  X X X 
2 N 79 F X   X X  
3 N 67 M X  X X X X 
4 WE 65 M X X   X X 
5 N 73 F  X X X X X 
6 N 77 F X    X  
7 WE 65 F X X X X  X 
8 N 74 F X X  X X X 
9 N 77 F X  X  X  
10 WE 60 F X X X X X X 
11 WE 73 F X  X X X X 
12 WE 74 F X X X X X X 
13 WE 84 F X X  X X  
14 N 64 M X X X X X X 
15 WE 62 F X X X X X X 
16 N 63 F X X  X X  
17 N 66 F X X X X X X 
18 WE 67 F X X X X X X 
19 WE 79 F X    X  
20 WE 60 F X X X X X X 
21 N 85 F X X  X X X 
22 WE 65 M X  X X X X 
23 N 69 F X X X X X X 
24 WE 69 F X X  X X X   

N = nutrition education; WE = walking exercise; F = female; M = male; X = criteria met in 
category; HR criteria = maximum heart rate ±10 beats of age predicted heart rate (220-age); RPE 
criteria = rating of perceived exertion of at least 18; RER criteria = respiratory exchange ratio of 
greater than 1.0. 
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Figure Legends: 

Figure 4.1: Continuous Scale Physical Functional Performance 10 item test total baseline and 
post intervention scores expressed as means ± SD. *Significantly different after the intervention 
(p < 0.01).  
 
Figure 4.2: Peak aerobic capacity baseline and post intervention values expressed as mean ± SD. 
*Significantly different after the intervention (p <0.01). 
 
Figure 4.3: Percent change in physical function using the Continuous Scale Physical Functional 
Performance 10 item test (CS-PFP 10), Short Physical Performance Battery (SPPB), Physical 
Performance Test 9-item (PPT 9-item), Self-report Physical Function subscale (SF36PF) for the 
control group (open bars) and walking exercise group (closed bars) expressed as mean change ± 
SD.  *Significantly different after the intervention (p <0.01).  
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Figure 4.1 
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Figure 4.2 
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Figure 4.3  
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CHAPTER 5 

SUMMARY & CONCLUSIONS 

The increase in longevity has  researchers are focusing on quality as well as  quantity of 

life..  In order to preserve the quality of life, numerous measures have been developed to assess 

functional performance.  Some of the frequently used physical function measures are the 

SF36PF, PPT 7-item, PPT 9-item, SPPB and the CS-PFP 10.  However, these assessments 

evaluate different aspects of functional limitation and disability.  The SF36PF is a self-report 

questionnaire that is used in combination with the CS-PFP 10 to predict risk of preclinical 

disability (Cress & Meyer, 2003).  The PPT 7 & 9-item assesses multiple aspects of physical 

function using observed performance of tasks and predicts mortality and nursing home 

placement (Reuben & Siu, 1990).  The SPPB predicts risk of disability, mortality and 

institutionalization by measuring mobility (Guralnik et al., 1994).  The CS-PFP 10 is a global 

performance-based test of everyday activities that predicts loss of independence and preclinical 

disability (Cress et al., 2005).   

Older adults, with low income, low education, and low physical reserves are at 

disproportionally higher risk for chronic disease burden, functional limitations and disability 

(Lantz et al., 2001), due to poor health and lifestyles that occur more frequently among 

individuals of low socioeconomic status (Reijneveld, 1998).  These older adults are the most 

inactive and have the greatest need for a physical activity program.  Increasing physical activity 

is one of the most feasible non-pharmacological interventions to prevent and control chronic 

disease.  Walking is the most popular form of physical activity for all adults and arguably most 
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likely to cause change (Department of Health, 2000).  A type of activity that requires little 

additional skill or training to perform can improve performance and aerobic capacity (Wong et 

al., 2003).  Even though walking is readily accessible and has low potential for injury (Moore, 

1989), there is limited information on walking as a means to preserve function in older adults. 

In the first study, the relationships between one self-report and four performance-based 

physical function measures were evaluated.  The SF36PF, CS-PFP 10, PPT 7-item, PPT 9-item 

and SPPB are reliable and valid physical function measures for the older adult population.  Our 

results demonstrated that all performance-based measures were correlated (p<0.01) with each 

other.  However the SF36PF was only correlated with the CS-PFP 10 (p<0.01).  Eighty-eight 

percent of the participants were at risk for preclinical disability of which 50% were at risk for 

moderate disability.  Participant’s preclinical disability status was identified by a mis-match 

between self-report and performance-based function, where self-report function is greater than 

performance.  These individuals could benefit from physical activity intervention programs to 

improve physical function and the ability to remain independent.  Those individuals with high 

functional performance on the CS-PFP 10  had a physical reserve.  Those who have low physical 

performance and low self-report may already be receiving services or less likely to comply with 

a physical activity program due to multiple co-morbidities.   

In the second study, we examined the effects of a randomized controlled trial of walking 

and nutrition education on functional performance.  The walking exercise group participated in a 

moderate intensity walking program three times a week and the control group attended nutrition 

presentations every two weeks for 16-weeks.  Our findings demonstrated that as a result of the 

walking program the participants significantly improved CS-PFP 10 by 25% and peak aerobic 

capacity by 18.9%.  In contrast, the participants in the control group showed a trend toward 
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decreased physical function and peak aerobic capacity.  All physical domains of the CS-PFP 10 

significantly improved.  This study demonstrated that a simple walking program that requires no 

special equipment can improve peak aerobic capacity and functional performance similar to 

strength training studies that require equipment.    

From the evidence presented, we conclude that walking can be a beneficial 

nonpharmacological strategy to improve function and maintain independence in older adults.    

For the population of older adults to understand the importance of physical activity, the country 

as a whole must make physical activity a priority.  Physical activity does not have to be 

strenuous to be beneficial; people of all ages benefit from participating in regular, moderate-

intensity physical activity, such as 30 minutes of brisk walking five or more times a week 

(ACSM, 2001).  
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Average Steps Per Day      

# Group Age Sex Baseline 8-weeks 16-weeks 
1 N 74 F 1408 1897 2112 
2 N 79 F 3781 5563 3552 
3 N 67 M 3896 3516 3489 
4 WE 65 M 4053 5033 4537 
5 N 73 F 4377 5680 6332 
6 N 77 F 2490 1313 2046 
7 WE 65 F 4078 4508 3122 
8 N 74 F 2555 4326 2762 
9 N 77 F 6032 6930 4346 
10 WE 60 F 8099 10367 11008 
11 WE 73 F 3726 5793 7431 
12 WE 74 F 3891 4810 6774 
13 WE 84 F 7144 9518 9349 
14 N 64 M 2942 3382 4273 
15 WE 62 F 5249 8734 8213 
16 N 63 F 4989 4234 2894 
17 N 66 F 1313 2112 2410 
18 WE 67 F 7574 10479 9079 
19 WE 79 F 4752 9327 8695 
20 WE 60 F 1626 4727 8106 
21 N 85 F 2116 1897 1485 
22 WE 65 M 6544 8290 8345 
23 N 69 F 2806 3347 3576 
24 WE 69 F 3356 4922 3528 

 
N = nutrition education; WE = walking exercise; F= female; M = male 
 
Data collection method: Pedometers were worn on the participants’ hip each day for two weeks 
at baseline, 8-weeks and 16- weeks to determine the activity levels of the control and walking 
exercise group.  Participants put on their pedometers when they first woke up and took them off 
before they went to bed.  Participants recorded their steps each day before going to bed in an 
activity log.   
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Baseline Nutrition Data 
 # Group Age Sex fv107 fv108 fv109 fv110 fv111 fv112 fv113 fv114
1 N 74 F 0 0 0 3 14 5 14 7 
2 N 79 F 7 0 0 3 0 1 0 0 
3 N 67 M 0 0 0 0 1 0 2 0 
4 WE 65 M 7 7 0 0 0 0 0 0 
5 N 73 F 1 0 4 0 2 0 5 3 
6 N 77 F 6 2 1 3 6 0 6 2 
7 WE 65 F 4 m/dk 4 m/dk 3 2 2 1 
8 N 74 F 1 3 m/dk 0 2 3 3 1 
9 N 77 F 3 14 2 m/dk 0 0 m/dk 0 
10 WE 60 F m/dk 7 0 1 5 2 14 m/dk 
11 WE 73 F 5 0 0 1 2 0 1 m/dk 
12 WE 74 F 7 1 3 3 7 3 7 3 
13 WE 84 F 0 0 5 4 6 7 6 3 
14 N 64 M 6 m/dk 3 3 4 2 2 4 
15 WE 62 F m/dk 3 2 1 2 2 1 1 
16 N 63 F 0 m/dk 2 3 1 2 0 2 
17 N 66 F 0 0 1 3 2 2 1 3 
18 WE 67 F m/dk 0 0 m/dk 0 m/dk 0 2 
19 WE 79 F 3 2 2 2 2 2 3 2 
20 WE 60 F m/dk m/dk 7 7 4 5 0 3 
21 N 85 F 1 1 0 0 2 0 2 2 
22 WE 65 M 7 1 7 2 3 0 3 1 
23 N 69 F 0 0 7 7 7 2 1 2 
24 WE 69 F 6 4 2 4 2 1 2 1 

 
 N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
 
Data collection method: Participants completed the Nutrition for Older Adults’ Health Fruit and 
Vegetable Intake questionnaire at baseline and post intervention to determine their fruit and 
vegetable intake (http://www.arches.uga.edu/~noahnet/).     

http://www.arches.uga.edu/~noahnet/
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Baseline Nutrition Data 
 # Group Age Sex fv115 fv116 fv117 fv118 fv119 fv120 fv121 fv122
1 N 74 F 14 1 14 1 1 2 5 14 
2 N 79 F 2 1 2 1 1 0 1 2 
3 N 67 M 1 0 1 1 2 0 0 0 
4 WE 65 M 0 0 4 0 0 0 3 1 
5 N 73 F 5 0 2 0 1 1 2 4 
6 N 77 F 4 1 4 2 1 1 1 2 
7 WE 65 F 2 0 3 2 0 1 1 m/dk 
8 N 74 F 2 1 5 0 0 0 1 1 
9 N 77 F 0 m/dk 0 m/dk m/dk 2 0 0 
10 WE 60 F 6 m/dk 6 2 6 0 5 14 
11 WE 73 F m/dk 0 4 0 m/dk 0 0 0 
12 WE 74 F 2 1 7 1 1 7 5 3 
13 WE 84 F 3 1 1 1 0 0 6 1 
14 N 64 M 2 0 3 1 0 3 3 5 
15 WE 62 F 1 0 3 1 0 m/dk 1 1 
16 N 63 F 3 3 2 1 0 2 2 1 
17 N 66 F 2 2 4 0 0 1 4 3 
18 WE 67 F m/dk m/dk 2 2 2 0 0 3 
19 WE 79 F 7 2 m/dk 3 m/dk 1 2 4 
20 WE 60 F m/dk m/dk 7 2 1 0 4 4 
21 N 85 F 0 0 3 2 2 2 1 0 
22 WE 65 M 3 0 5 5 1 1 3 2 
23 N 69 F 7 1 14 3 0 0 0 3 
24 WE 69 F 2 3 6 1 m/dk 3 1 3 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
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Baseline Nutrition Data 

 # Group Age Sex fv123 fv124 fv125 fv126 fv127 fv128 fv129 fv130
1 N 74 F 7 7 3 7 7 7 14 7 
2 N 79 F 0 4 0 3 0 1 6 2 
3 N 67 M 0 0 0 1 0 1 0 0 
4 WE 65 M 7 5 0 7 0 0 1 7 
5 N 73 F 6 3 1 6 1 0 6 3 
6 N 77 F 3 3 3 3 2 5 1 2 
7 WE 65 F 2 2 0 3 2 1 m/dk 2 
8 N 74 F 5 0 4 3 6 0 3 1 
9 N 77 F 2 0 m/dk 4 2 0 3 2 
10 WE 60 F 7 14 7 14 m/dk m/dk 14 14 
11 WE 73 F 2 0 2 2 m/dk m/dk 5 m/dk 
12 WE 74 F 7 7 7 7 1 1 7 2 
13 WE 84 F 6 0 6 14 0 6 6 0 
14 N 64 M 4 4 0 14 4 m/dk 14 0 
15 WE 62 F 4 2 1 4 1 0 6 2 
16 N 63 F 6 3 1 3 0 1 1 0 
17 N 66 F 2 1 4 2 0 2 1 0 
18 WE 67 F 2 m/dk 0 0 0 2 4 2 
19 WE 79 F 4 2 2 2 m/dk 0 4 3 
20 WE 60 F 6 0 14 14 m/dk m/dk 14 1 
21 N 85 F 2 2 0 2 0 0 2 2 
22 WE 65 M 4 1 0 7 0 2 7 5 
23 N 69 F 7 6 7 7 0 0 m/dk 1 
24 WE 69 F 6 2 m/dk 2 m/dk 3 6 2 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know  
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Baseline Nutrition Data 
# Group Age Sex fv131 fv132 fv133 fv134 fv135 fv136 fv137 fv138
1 N 74 F 7 1 1 0 1 4 1 0 
2 N 79 F 0 0 1 0 1 2 0 1 
3 N 67 M 1 1 1 1 1 4 1 0 
4 WE 65 M 2 1 1 1 1 5 0 0 
5 N 73 F 2 0 0 0 0 5 1 0 
6 N 77 F 4 1 8 1 1 3 1 1 
7 WE 65 F 1 1 1 1 1 5 1 0 
8 N 74 F 0 1 1 1 2 0 1 1 
9 N 77 F 1 1 1 0 1 5 1 0 
10 WE 60 F m/dk 1 1 1 1 5 1 0 
11 WE 73 F m/dk 1 1 1 1 5 1 0 
12 WE 74 F 2 1 1 1 1 2 1 0 
13 WE 84 F 6 1 1 1 1 5 1 0 
14 N 64 M 0 1 1 1 1 3 0 0 
15 WE 62 F 0 1 8 1 1 5 1 0 
16 N 63 F 5 1 1 1 1 5 1 0 
17 N 66 F 2 1 1 1 1 3 1 1 
18 WE 67 F 4 1 1 1 1 4 1 1 
19 WE 79 F 3 1 1 1 1 2 1 0 
20 WE 60 F 0 1 1 1 1 5 1 0 
21 N 85 F 3 0 1 0 1 5 1 0 
22 WE 65 M 5 1 1 1 1 3 1 0 
23 N 69 F 5 1 1 0 1 5 1 0 
24 WE 69 F 0 1 1 1 1 4 1 0 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know  
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Baseline Nutrition Data 
 # Group Age Sex fv139 fv140 fv141 fv142 fv143 fv144 fv145 fv146
1 N 74 F 1 1 1 1 0 1 0 1 
2 N 79 F 1 1 1 1 1 1 1 1 
3 N 67 M 0 1 0 0 0 1 0 1 
4 WE 65 M 1 1 1 1 1 1 1 1 
5 N 73 F 1 1 1 1 1 1 1 1 
6 N 77 F 1 1 1 1 1 1 1 1 
7 WE 65 F 1 1 1 1 1 1 1 1 
8 N 74 F 1 1 1 1 1 1 1 1 
9 N 77 F 1 1 1 1 1 1 1 1 
10 WE 60 F 1 1 1 1 1 0 1 1 
11 WE 73 F 1 1 1 1 1 1 1 1 
12 WE 74 F 1 1 1 1 1 1 1 1 
13 WE 84 F 0 1 1 1 1 1 1 1 
14 N 64 M 1 1 1 1 1 1 1 1 
15 WE 62 F 1 1 1 1 1 1 1 1 
16 N 63 F 1 0 1 1 1 1 1 1 
17 N 66 F 0 1 1 1 1 1 1 1 
18 WE 67 F 0 1 1 1 1 1 1 1 
19 WE 79 F 1 1 1 1 1 1 1 1 
20 WE 60 F 0 1 0 0 1 1 1 1 
21 N 85 F 1 1 0 1 1 1 1 1 
22 WE 65 M 1 1 1 1 1 1 1 0 
23 N 69 F 1 1 1 1 1 1 1 1 
24 WE 69 F 1 1 1 1 1 1 1 1 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
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Baseline Nutrition Data 
 # Group Age Sex fv147 fv148 fv149 fv150 fv151 fv152 fv153 fv154
1 N 74 F 1 1 1 1 1 1 0 0 
2 N 79 F 1 1 1 1 1 0 0 1 
3 N 67 M 1 1 1 0 1 1 0 0 
4 WE 65 M 0 1 1 1 1 1 0 1 
5 N 73 F 1 1 1 1 1 0 1 0 
6 N 77 F 1 1 1 1 1 0 0 1 
7 WE 65 F 1 0 1 1 1 0 0 0 
8 N 74 F 1 1 1 1 1 1 0 1 
9 N 77 F 1 1 1 0 1 0 0 0 
10 WE 60 F 1 1 1 1 1 1 1 0 
11 WE 73 F 1 1 1 1 1 0 0 0 
12 WE 74 F 1 1 1 1 1 0 0 0 
13 WE 84 F 1 1 1 1 1 1 0 0 
14 N 64 M 1 1 0 1 1 0 0 1 
15 WE 62 F 1 1 1 1 1 0 0 0 
16 N 63 F 1 1 1 1 1 1 1 1 
17 N 66 F 1 1 1 1 1 0 0 0 
18 WE 67 F 1 0 1 0 1 0 0 0 
19 WE 79 F 1 1 1 1 1 0 0 0 
20 WE 60 F 1 1 1 1 1 0 0 0 
21 N 85 F 1 1 1 1 1 0 0 0 
22 WE 65 M 1 0 0 1 1 0 1 0 
23 N 69 F 1 1 1 1 1 1 1 0 
24 WE 69 F 1 1 1 1 1 0 0 0 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
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Baseline and Post Intervention Nutrition Data 
 # Group Age Sex fv155 fv156 fv207 fv208 fv209 fv210 fv211 fv212
1 N 74 F 1 0 m/dk m/dk 6 5 5 2 
2 N 79 F 1 1 m/dk m/dk 0 m/dk 1 1 
3 N 67 M 0 0 0 3 m/dk 0 3 m/dk 
4 WE 65 M 1 0 2 0 1 1 2 2 
5 N 73 F 1 0 1 0 5 14 0 3 
6 N 77 F 0 1 6 3 2 4 2 4 
7 WE 65 F 0 0 5 m/dk 2 2 2 2 
8 N 74 F 1 0 2 3 m/dk 2 3 4 
9 N 77 F 0 0 7 7 4 0 1 0 
10 WE 60 F 0 0 0 6 2 2 1 0 
11 WE 73 F 1 1 6 4 4 3 4 4 
12 WE 74 F 1 0 7 2 2 6 5 2 
13 WE 84 F 0 0 5 2 6 3 6 0 
14 N 64 M 0 0 3 0 0 4 2 0 
15 WE 62 F 0 0 1 1 1 0 1 1 
16 N 63 F 1 1 m/dk m/dk 2 0 1 1 
17 N 66 F 0 1 1 1 0 1 4 2 
18 WE 67 F 0 1 m/dk 1 0 1 7 m/dk 
19 WE 79 F 0 1 7 0 2 3 0 2 
20 WE 60 F 1 0 0 0 2 0 4 0 
21 N 85 F 0 1 2 1 1 1 3 0 
22 WE 65 M 1 1 7 0 1 1 4 m/dk 
23 N 69 F 1 1 m/dk m/dk 2 0 6 m/dk 
24 WE 69 F 1 1 6 4 2 3 2 2 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know  
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Post Intervention Nutrition Data 
 # Group Age Sex fv213 fv214 fv215 fv216 fv217 fv218 fv219 fv220
1 N 74 F 4 0 5 0 6 1 1 1 
2 N 79 F 2 m/dk 1 m/dk 2 1 1 0 
3 N 67 M 7 m/dk 1 m/dk 0 0 3 m/dk 
4 WE 65 M 3 3 0 2 1 0 0 0 
5 N 73 F 3 2 0 0 2 1 0 1 
6 N 77 F 6 5 4 2 3 2 4 1 
7 WE 65 F m/dk 2 0 0 2 2 m/dk 0 
8 N 74 F 4 3 2 1 6 1 1 0 
9 N 77 F 0 0 3 0 1 0 0 1 
10 WE 60 F 5 0 4 0 1 2 4 0 
11 WE 73 F 3 3 3 0 6 2 1 2 
12 WE 74 F 2 0 0 0 0 4 7 4 
13 WE 84 F 3 2 3 1 6 1 2 1 
14 N 64 M 1 2 4 0 4 3 0 4 
15 WE 62 F 0 0 1 0 1 0 0 0 
16 N 63 F m/dk 1 1 0 7 0 m/dk 0 
17 N 66 F 3 4 3 3 4 1 1 3 
18 WE 67 F 0 m/dk 0 4 2 2 2 m/dk 
19 WE 79 F 3 3 2 0 1 0 0 3 
20 WE 60 F 0 0 4 0 1 2 2 2 
21 N 85 F 3 4 1 1 2 3 3 3 
22 WE 65 M 4 1 1 1 3 3 1 2 
23 N 69 F 0 1 4 1 7 1 0 1 
24 WE 69 F 2 3 1 3 5 0 m/dk 2 

   
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know  
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Post Intervention Nutrition Data 
# Group Age Sex fv221 fv222 fv223 fv224 fv225 fv226 fv227 fv228
1 N 74 F 2 5 6 5 m/dk 5 5 3 
2 N 79 F 1 0 1 m/dk 1 2 1 4 
3 N 67 M m/dk 7 5 m/dk m/dk 7 m/dk 3 
4 WE 65 M 1 2 1 0 2 1 1 3 
5 N 73 F 2 2 5 3 1 14 0 2 
6 N 77 F 3 2 4 4 1 5 1 3 
7 WE 65 F 0 m/dk 3 2 m/dk 6 0 0 
8 N 74 F 1 3 5 1 3 4 7 0 
9 N 77 F 0 0 0 0 0 4 3 1 
10 WE 60 F 0 5 6 6 2 6 5 0 
11 WE 73 F 2 1 4 1 0 3 0 2 
12 WE 74 F 2 0 3 7 2 7 m/dk 2 
13 WE 84 F 5 1 3 6 5 1 6 6 
14 N 64 M 2 4 6 1 1 14 0 0 
15 WE 62 F 1 0 5 3 1 5 1 0 
16 N 63 F 1 0 7 7 0 7 0 0 
17 N 66 F 4 3 4 1 4 2 1 3 
18 WE 67 F 3 2 2 2 0 . 0 3 
19 WE 79 F 3 4 7 2 3 7 0 4 
20 E 60 F 2 4 3 0 2 3 3 0 
21 N 85 F 2 2 2 0 1 2 1 3 
22 WE 65 M 3 2 4 0 2 3 0 1 
23 N 69 F 0 3 7 m/dk 7 7 0 0 
24 WE 69 F 1 2 6 2 m/dk 2 m/dk 3 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
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Post Intervention Nutrition Data 
# Group Age Sex fv229 fv230 fv231 fv232 fv233 fv234 fv235 fv236
1 N 74 F 4 6 6 1 1 1 1 5 
2 N 79 F 2 2 1 0 1 1 1 4 
3 N 67 M m/dk 14 14 8 8 8 1 8 
4 WE 65 M 1 1 3 1 1 1 1 3 
5 N 73 F 14 2 2 1 1 1 1 5 
6 N 77 F 6 1 2 1 1 1 1 1 
7 WE 65 F 1 2 1 1 1 1 1 5 
8 N 74 F 4 1 0 1 1 1 1 5 
9 N 77 F 4 3 1 1 1 1 1 5 
10 WE 60 F 1 6 0 1 1 1 1 5 
11 WE 73 F 0 0 0 1 1 1 1 5 
12 WE 74 F 2 0 0 8 8 1 1 3 
13 WE 84 F 6 1 6 1 1 1 1 5 
14 N 64 M 7 0 4 1 1 0 1 2 
15 WE 62 F 4 1 0 1 1 1 1 5 
16 N 63 F 0 3 2 1 1 1 1 5 
17 N 66 F 2 3 4 1 1 1 1 5 
18 WE 67 F 0 1 3 1 1 1 1 5 
19 WE 79 F 0 2 3 1 1 1 1 5 
20 WE 60 F 6 3 0 1 1 1 1 5 
21 N 85 F 2 3 3 1 1 1 1 5 
22 WE 65 M 3 0 0 1 1 1 1 3 
23 N 69 F 14 0 2 1 1 1 1 5 
24 WE 69 F 6 1 0 1 1 1 1 4 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; m/dk = missing/do not know 
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Post Intervention Nutrition Data 
 # Group Age Sex fv237 fv238 fv239 fv240 fv241 fv242 fv243 fv244
1 N 74 F 0 0 1 1 1 1 1 1 
2 N 79 F 0 0 1 1 0 0 1 0 
3 N 67 M 0 0 8 0 0 0 0 1 
4 WE 65 M 0 0 1 n/a n/a n/a n/a n/a 
5 N 73 F 1 1 1 1 0 1 1 1 
6 N 77 F 1 1 1 1 1 1 1 1 
7 WE 65 F 1 0 1 n/a n/a n/a n/a n/a 
8 N 74 F 1 1 1 1 1 1 1 1 
9 N 77 F 1 0 1 1 0 1 1 1 
10 WE 60 F 0 0 1 n/a n/a n/a n/a n/a 
11 WE 73 F 1 1 1 n/a n/a n/a n/a n/a 
12 WE 74 F 0 0 1 n/a n/a n/a n/a n/a 
13 WE 84 F 0 0 1 n/a n/a n/a n/a n/a 
14 N 64 M 1 0 8 1 1 1 1 0 
15 WE 62 F 0 0 1 n/a n/a n/a n/a n/a 
16 N 63 F 1 1 1 1 1 1 1 1 
17 N 66 F 1 1 1 1 1 1 1 1 
18 WE 67 F 0 0 8 n/a n/a n/a n/a n/a 
19 WE 79 F 1 1 1 n/a n/a n/a n/a n/a 
20 WE 60 F 1 0 1 n/a n/a n/a n/a n/a 
21 N 85 F 1 1 1 1 1 1 1 1 
22 WE 65 M 0 0 1 n/a n/a n/a n/a n/a 
23 N 69 F 0 0 1 1 1 1 1 1 
24 WE 69 F 8 8 1 n/a n/a n/a n/a n/a 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; n/a = not applicable 
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Post Intervention Nutrition Data 
 # Group Age Sex fv245 fv246 fv247 fv248 fv249
1 N 74 F 1 0 1 5 8 
2 N 79 F 1 1 1 4 8 
3 N 67 M 0 0 0 2 8 
4 WE 65 M n/a n/a n/a n/a n/a 
5 N 73 F 1 1 1 4 8 
6 N 77 F 1 1 1 5 8 
7 WE 65 F n/a n/a n/a n/a n/a 
8 N 74 F 1 1 1 5 8 
9 N 77 F 1 0 1 4 8 
10 WE 60 F n/a n/a n/a n/a n/a 
11 WE 73 F n/a n/a n/a n/a n/a 
12 WE 74 F n/a n/a n/a n/a n/a 
13 WE 84 F n/a n/a n/a n/a n/a 
14 N 64 M 1 1 1 4 8 
15 WE 62 F n/a n/a n/a n/a n/a 
16 N 63 F 1 1 1 5 8 
17 N 66 F 1 1 1 5 8 
18 WE 67 F n/a n/a n/a n/a n/a 
19 WE 79 F n/a n/a n/a n/a n/a 
20 WE 60 F n/a n/a n/a n/a n/a 
21 N 85 F 1 1 1 5 8 
22 WE 65 M n/a n/a n/a n/a n/a 
23 N 69 F 1 1 1 4 8 
24 WE 69 F n/a n/a n/a n/a n/a 

 
N = nutrition education; WE = walking exercise; F= female; M = male; fv = fruits and 
vegetables; n/a = not applicable 
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Baseline and Post Intervention Leg Power Data 

# Group Age Sex 
Baseline Leg 

Power (Watts) 
Post Intervention Leg 

Power (Watts) 
    Right Left Right Left 
1 N 74 F 90.1 88.9 91.4 95 
2 N 79 F 69.9 58 76 71.7 
3 N 67 M 55.4 68 86 78.2 
4 WE 65 M 155 170.3 157.8 168.2 
5 N 73 F 41.4 51.1 65.3 75.5 
6 N 77 F 46.4 57.2 45.6 39 
7 WE 65 F 92.7 70.2 105.4 87.3 
8 N 74 F 61.3 58.9 59.9 50.4 
9 N 77 F 101.1 100.3 103.4 100.5 
10 WE 60 F 98 103.5 109 125.2 
11 WE 73 F 64.4 58.4 99.5 105.2 
12 WE 74 F 90 118 101.9 97.2 
13 WE 84 F 101.1 90 106.5 99.4 
14 N 64 M 156.9 142.8 167.1 168.7 
15 WE 62 F 130.8 124.2 150.8 155 
16 N 63 F 62.4 56.2 60.2 54.6 
17 N 66 F 46.8 48.7 47.1 50.2 
18 WE 67 F 67.8 60.7 77.9 72.3 
19 WE 79 F 48.4 56.2 59.3 68.9 
20 WE 60 F 120 128.3 160.9 180.4 
21 N 85 F 27.3 34.2 21.4 30.1 
22 WE 65 M 185.8 135.4 211.8 163.9 
23 N 69 F 142.8 140.9 140.9 138.7 
24 WE 69 F 67.5 63.1 70.3 68.5 

 
N = nutrition education; WE = walking exercise; F= female; M = male 
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