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ABSTRACT 

 

Elizabeth Ashlee Chmelo 

 

PHYSICAL ACTIVITY HABITS IN OLDER ADULTS WITH KNEE 

OSTEOARTHRITIS 

 

Thesis under the direction of Barbara Nicklas, Ph.D., Department of Gerontology and 

Geriatric Medicine. 

 

 

Osteoarthritis (OA) is a chronic, debilitating disease that is the leading cause of 

disability and functional limitations in adults 
1-3

. It is estimated that 15.8 million 

Americans between the ages of 25 and 74 have moderate to severe OA 
4
. The most 

common symptoms of OA are joint pain, stiffness, and functional limitations. Previously, 

osteoarthritis was thought to be a result of “wear and tear” on the joints and physical 

activity was not an encouraged treatment. Now, it has become widely recognized that 

regular physical activity may benefit people with OA and may be a cost-effective 

treatment option for managing OA, symptoms such as reducing pain, improving muscle 

strength, and improving balance 
5,6

. Recent self-report findings indicate that only 18% of 

men and 14% of women aged 65-74 achieve the physical activity recommendations of    

> 30 minutes on at least 5 days a week 
7-9

.  Previous research that examines physical 

activity levels and relevant outcomes in individuals with knee OA are limited due to 

inadequate measurement tools and differences in study design. Objectively assessing 

physical activity habits in this population will help in the prescription of more beneficial 

treatment options.  

The purpose of this study is to objectively assess the physical activity habits of 

older adults with knee OA; and to examine the relationship between physical activity and 
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OA symptoms, such as functional limitations and pain. One-hundred and sixty 

participants (a sub-set of participants from the Intensive Diet and Exercise for Arthritis 

(IDEA) trial) wore an accelerometer for at least 4 days of 10 hours, which evaluated the 

number of steps/day, physical activity energy expenditure/day (PAEE), minutes of light 

physical activity (LPA), and minutes of moderate - vigorous intensity physical 

activity/day (MVP/VPA).  Pearson correlations and manual step-wise regression analyses 

were used to examine the relationships between physical activity and physical function 

and pain in older adults with knee OA.  

Results show that the total steps/day was 6209 (1459-15,949 steps) and PAEE 

averaged 237 + 124 (33-790) kcal/day. Total steps/day, PAEE, and minutes of 

MPA/VPA tended to be lower in individuals who were older.  Being female was 

associated with less PAEE.  There was a positive association between being white and 

steps/day, PAEE, minutes of LPA, and minutes of MPA/VPA.  A higher SPPB score, 

which is indicative of greater lower extremity function, was associated with minutes of 

MPA/VPA.  PA habits in this population were below the public health recommended 

levels.  Participants who were more physically active in terms of total steps/day and 

PAEE had better overall physical function than those who achieved fewer total steps/day.   
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CHAPTER 1: REVIEW OF LITERATURE 

 

Osteoarthritis (OA) is the most prevalent form of arthritis in the US, affecting  

approximately 21 million American adults
10

. Roughly one-half of those aged 65 years 

and older and 85% of those 75 and older, have OA
11

. OA, the leading cause of disability 

in older adults, is characterized by degeneration of the cartilage that often leads to pain, 

functional limitations, and mobility disability around the effected joint 
12

.  

Comprehensive OA treatment plans are characterized by proper diet, medication 

compliance, and participation in physical activity.  Recently, physical activity has been 

considered a safe and an effective treatment option for improving physical function and 

pain in older adults with knee OA
13

. Randomized clinical trials show that physical 

activity decreases pain and improves muscle strength and physical function.  However, 

little is known about the physical activity habits of older adults with knee OA nor how 

variations in physical activity relate to OA symptoms such as physical function and pain.  

Gaining a better understanding of this may aid in the development of effective clinical 

and community interventions that prevent or delay disability in older adults with knee 

OA.  

 

Osteoarthritis Management 

Osteoarthritis is defined as a group of diseases and mechanical abnormalities 

involving the degradation of the joints, resulting in a gradual loss of cartilage 
7,14

. 

Osteoarthritis accounts for more than 25% of visits to primary care physicians and one-

half of all NSAID’s (Non-Steroidal Anti-Inflammatory Drugs) prescriptions.  It is 

estimated that 80% of the population will have radiographic evidence of OA by the age 
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of 65 
15,16

. The underlying cause of cartilage degeneration may be from a variety of 

factors including: hereditary, developmental, metabolic, and mechanical stress, or a 

combination of any of these factors 
17

. Joint damage and chronic pain as a result of OA 

may lead to muscle atrophy, decreased mobility, and poor balance, which further limits 

functional ability.  Because of this, knee OA is the leading cause of physical disability in 

older adults
18,19

. 

The prevalence of OA increases with advancing age and can affect any joint in the 

body, but most often affects the hands and knees, and is more frequent in women, 

especially in those age > 50 years 
20

. Individuals with OA typically perform lower on 

physical function tests, score lower on the Western Ontario and MacMaster Universities 

Osteoarthritis Index (WOMAC), and have increased difficulty with walking tasks.  

Besides age, prominent risk factors for knee OA include inactivity, overweight or 

obesity, ethnicity, and previous injury 
6,10,21,22

.  

Osteoarthritis is a chronic condition that worsens over time. Without a medical 

cure for OA, treatment options focus on slowing the progression of the disease and 

symptoms management.  The primary goals of current OA treatment are to decrease 

physical disability and pain, improve physical function, and reduce or slow cartilage 

degradation.  Contemporary therapies include pharmacological, surgical, and physical 

activity interventions.  Pharmacologic therapies include pain relief medications, 

NSAID’s, glucocoticoid injects, and colchicines.  However, as discussed below, 

emerging evidence shows that physical activity may be an effective strategy to prevent 

and restore declines in function caused by OA 
23

. 
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Evidence for Recommending Physical Activity Treatments for OA 

Historically, physical activity was believed to increase the risk of knee OA 

because OA was thought to be “wear and tear arthritis” or part of the aging process.  

However, recent research studies demonstrate that increasing physical activity 

significantly improves function and pain in older adults with knee OA 
5,24,25

. Thus, 

regular physical activity is now recognized as a safe, multifaceted treatment to improve 

many factors that lead to disability in individuals with knee OA 
10,13

.   

The current American College of Rheumatology (ACR) recommendations include 

physical activity as a treatment strategy for adults with OA 
26

. Older adults with knee OA 

who engage in regular physical activity have less pain, improved function, and delayed 

disability 
27,28

. The effects of physical activity on the development of OA are less clear, 

especially in overweight and obese, older adults.  However, the health benefits of 

physical activity in managing OA symptoms are evident.  Therefore, regular physical 

activity should be encouraged in individuals with OA to help reduce physical 

impairments and the burden of co-morbidities.  

Short-term and long-term physical activity studies suggest that individuals with 

knee OA improve physical capacity and report less pain and disability with exercise 

training 
29-33

. One study that supports this is the Fitness Arthritis and Seniors Trial 

(FAST).  FAST examined the effects of 18-month structured exercise programs on self-

reported disability in 450 older adults with knee OA.  Participants were randomized to 

aerobic exercise, resistance exercise, or a health education program.  Post interventions, 

both exercise groups (aerobic and resistance) reported less knee pain and scored higher 

on measures of physical function compared to the health education group 
5
.  
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The Arthritis, Diet, and Activity Promotion Trial (ADAPT) expanded these 

results.  ADAPT was a randomized, single-blind, 18-month, clinical trial that examined 

the effects of four treatment groups a) healthy lifestyle control, b) dietary weight loss, c) 

structured exercise, or d) combined exercise and dietary weight loss on physical function 

measures, pain, and mobility in older overweight or obese adults with knee OA.  Results 

from this trial showed that the exercise group significantly improved their 6-minute walk 

distance.  The diet and exercise group showed significant improvements in physical 

function, 6-minute walk distance, stair-climb time, and knee pain.  These results suggest 

that a combination of dietary weight loss and moderate exercise improves pain and 

measures of mobility in older adults with knee OA more so than diet alone or a healthy 

control group
18

. Healthcare providers can play an important role in delaying the disease 

process and expediting rehabilitation in older adults with knee OA by recommending 

physical activity as part of their patients’ treatment plans.  

 

Physical Activity Habits in Osteoarthritis Participants 

Even though adults who are physically active have lower morbidity and mortality 

rates than inactive adults, over one-half of U.S. adults do not engage in physical activity 

levels consistent with public health recommendations
34

. The 2001 Behavior Risk Factor 

Surveillance Survey on Physical Activity (BRFSS) assessed seven variables related to 

physical activity via self-report: physical activity at work, moderate physical activity 

(defined as brisk walking, bicycling, vacuuming, gardening, or anything else that causes 

small increase in breathing or heart rate, performed at least 10 minutes at a time); number 

of days per week of moderate physical activity; total time per day spent doing moderate 



   

13 

 

physical activity; vigorous physical activity (defined as running, aerobics, heavy yard 

work, or anything else that causes a large increase in breathing or heart rate, performed 

for at least 10 minutes at a time); number of days per week of vigorous physical activity; 

and total time per day spent doing vigorous physical activity. From these responses, 

participants could be classified into physically inactive (defined as no moderate- or 

vigorous- intensity physical activity, or <10 minutes of either moderate- or vigorous- 

activity per week), insufficiently activite (defined as moderate-intensity physical activity 

<5 days per week or <30 minutes per day or vigorous-intensity physical activity <3 days 

per week of <20 minutes per day), or meeting public health recommendations for 

physical activity.  Results showed approximately 24% of community-dwelling adults 

with OA were completely inactive and 38% reported insufficient levels of physical 

activity.  The inactive individuals had less education, were more likely to be African 

American, and were over the age of 65
22

. Understanding why this is the case would help 

researchers and physicians better recommend treatment options to older adults with OA.  

Physical inactivity is a risk factor for body mass gain and obesity among adults
35

. 

This undesirable lack of physical activity and resultant increase in obesity compromises 

functional status and is linked to increased risk factors for chronic diseases
35

. Conversely, 

higher physical activity is associated with lower prevalence of obesity and co-morbidities 

such as diabetes, cardiovascular disease, and hypertension 
10

. The present physical 

activity guidelines for healthy adults from the American College of Sports Medicine 

(ACSM) and the American Heart Association (AHA) advise participating in physical 

activity for 30 minutes a day, 5 days a week at a moderate intensity or 20 minutes a day, 

3 days a week at a vigorous intensity
36

.  Specifically for people with knee OA, the 
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Exercise and Physical Activity Conference recommends accumulating 30 minutes of at 

least moderate-intensity physical activity (> 3 METS) on at least 3 days of the week 
7
. 

Although vigorous physical activity (VPA; > 6 METS) is encouraged, certain types of 

weight-bearing VPA, such as running,  may prevent participants with knee OA from 

participating due to pain and discomfort.  Therefore, accumulating 30 minutes/day of 

moderate and vigorous physical activity (> 3 METs) may be potentially beneficial and a 

realistic goal for older adults with knee OA 
7,36

. 

Despite these recommendations, adults with OA are significantly less likely than 

those without OA to engage in recommended levels of moderate-vigorous activity.  In 

2002, the National Health Interview Survey assessed physical activity among individuals 

with and without OA using a similar self-report physical activity measure as the BRFSS 

survey.  Data from this survey showed that 24% of adults with OA were inactive and had 

lower physical activity levels compared to adults without OA.  Among women, physical 

inactivity was associated with being minority, having anxiety/depression, and needing 

special equipment to aid mobility, such as walkers or canes
37

.  Among men, physical 

inactivity was associated with greater pain.  In line with previous research, overall 

physical inactivity was associated with older age, less education, and existing functional 

limitations
22,37

.  

 

Quantifying Physical Activity 

 Physical activity is defined as bodily movements produced by skeletal muscles 

that result in increased energy expenditure.  The energy expended varies according to 

frequency, intensity, duration, and type of activity
38

. Due to its complexity, physical 
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activity is difficult to quantify.  There are several subjective and objective methods of 

measuring physical activity levels, such as questionnaires, activity logs or diaries, and 

motion devices.  No single instrument is exact in measuring physical activity levels in all 

populations.  The method in which physical activity is measured should depend on the 

study’s purpose, population, and outcomes 
39

.  

 The most common form of subjective physical activity measures are self-report 

questionnaires.  These questionnaires are efficient when working with large populations, 

are relatively easy to administer, and non-invasive on the part of the participants.  Some 

of the most commonly used questionnaires ask individuals questions regarding the 

frequency, duration, and intensity of their physical activity, similar to what was used in 

the BRFSS survey.  Other commonly used surveys include the International Physical 

Activity Questionnaire (IPAQ), the Community Health Activities Model Program for 

Seniors (CHAMPS), and the Physical Activity for Senior Exercise (PASE).  The IPAQ is 

a 7-item questionnaire that measures physical activity by estimating activity during the 

previous week.  Then, based on the estimated energy expenditure, participants can be 

categorized as according to their activity level; inactive, minimally active, or physically 

active 
40

. The CHAMPS questionnaire is designed to estimate weekly frequency and 

duration of physical activity in seniors.  The CHAMPS questionnaire provides estimated 

caloric expenditure per week and frequency of physical activity 
41

. The Physical Activity 

Scale for the Elderly (PASE) is a 10-item questionnaire that assesses individuals’ activity 

over the preceding week 
42

. The PASE has been validated and shown to be significantly 

correlated with pedometer readings in older adults 
43

.  The primary disadvantages of 

questionnaires are that they are limited by recall bias, are subjective to interpretation, and 
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floor/ceiling effects, which come from participants under/over reporting physical activity 

levels 
8
. 

 The most common objective method for measuring physical activity is the use of 

motion devices, such as pedometers and accelerometers.  Motion devices are sensitive to 

walking and objectively quantify physical activity as a continuous variable.  Because of 

this, pedometers and accelerometers have become a reliable and valid tool for measuring 

physical activity in numerous populations 
44-47

. 

Pedometers objectively measure physical activity by detecting vertical 

acceleration.  Most pedometers have a spring-suspended horizontal lever arm that moves 

up and down in response to vertical displacement of the hips during ambulatory 

movement.  The lever arm opens and closes an electrical circuit with each movement 

allowing the number of steps to be counted 
48

.  Pedometers are small, relatively 

inexpensive devices, worn at the hip to track daily number of steps.  Pedometers have 

become popular tools for motivating and monitoring physical activity, as they offer 

immediate feedback to the individual, in the form of number of steps, minutes of activity, 

and distance walked 
45

. Unfortunately, pedometers do not capture upper body movement, 

nor do they differentiate intensity levels or speeds, which would better describe physical 

activity.  Another limitation of pedometers is that the accuracy of the pedometer may 

vary due to waist circumference, pelvic tilt, walking speed, and the quality of the 

pedometer 
49,50

. 

 Accelerometers are also devices that objectively measure physical activity.  

Accelerometers detect changes in gravitational forces based on body movement and by 

sampling vertical acceleration, and measure the rate or intensity of movement.  
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Accelerometers have been shown to estimate energy expenditure well in structured and 

non-structured activities and can be calibrated individually to improve accuracy in total 

energy expenditure estimates 
47

. There are several different kinds of accelerometers; uni-

axial, bi-axial, and tri-axial.  The most commonly used accelerometers are uni-axial.  

Uni-axial accelerometers measure movement in the vertical plane.  Bi-axial and tri-axial 

accelerometers are designed to detect movement in the anteroposterior and/or lateral 

planes 
51

. Accelerometers record activity counts and estimate steps, total energy 

expenditure, and physical activity energy expenditure.  This information can then be 

separated into intensity levels; light, moderate, and vigorous 
52

. Similar to pedometers, 

accelerometers are worn on the hip and cannot measure water activities or upper body 

movements.  The Kenz® Lifecorder EX is a uni-axial accelerometer that tracks step 

counts and time spent in various intensity levels.  This information can be exported for 

data analysis.  This device in particular, divides physical activity into activity-intensity 

levels ranging from 0.5 (lowest) to 9 (highest).  These intensity levels are correlated with 

MET levels and produce a reasonably accurate measure of energy expenditure 
47

. Also, 

unlike pedometers, this accelerometer can be blinded to not give the wearers feedback.  

This feature allows researchers to assess physical activity habits without the influence of 

visual feedback from the device.   

 Since the most common form of activity for older adults is walking 
53

, 

accelerometers are an acceptable tool to measure step counts, intensity level, and energy 

expenditure. Previous research used accelerometers to describe physical activity levels in 

older adults; however, those cohorts were small and did not include disability status or 

anthropometric measurements 
3,8,54

. One large population-based study objectively 
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assessed physical activity levels in older adults found that only 2.5% (6/238) of 

participants achieved recommended physical activity levels 
8
. Results also showed that 

age, general health, disability, and body mass index were independent predictors of total 

steps/day counts.  Whether these finding apply to a diseased or disabled population, such 

as older adults with knee OA, is unknown.  

 

Specific Aims 

Osteoarthritis is a significant public health concern affecting 15.8 million 

Americans between the ages of 25 and 74 years 
10

.  Osteoarthritis is a chronic, 

debilitating disease that causes disability and functional compromise, pain, joint stiffness, 

and muscle weakness 
1,3

. Osteoarthritis, specifically knee OA, is the leading cause of 

physical disability in older adults 
55,56

. 

Currently there is no cure for OA.  Commonly prescribed therapies focus on 

reducing pain and maintaining physical function.  An increasing body of evidence shows 

that physical activity is an effective therapy in the treatment of OA 
21,31,32

. Participation in 

physical activity may be a potential strategy to delay the onset of disability, improve 

physical function, and decrease pain 
13,21,32,57

. Among older adults with knee OA, little is 

known about the influence of participant characteristics and how they are related to 

physical activity.  For example, individuals may exhibit radiographic evidence of knee 

OA, but may not demonstrate symptoms of knee OA such as pain.  Therefore, defining a 

population with knee OA who may respond well to physical activity would be beneficial 

in providing effective and efficient treatment options to reduce the overall burden of OA.   



   

19 

 

The proposed study is an ancillary to the Intensive Diet and Exercise for Arthritis 

(IDEA) trial.  The overall goal of IDEA is to compare the effects of three 18-month 

interventions: a) exercise only, b) intensive dietary weight loss only, and c) exercise and 

intensive dietary weight loss only, on inflammatory biomarkers and knee joint loads in 

overweight and obese middle- aged and older (>55 years) adults with knee OA.  The 

IDEA study enrolled 454 participants from communities in and around Winston-Salem, 

NC.  The exclusion criteria are included in Appendix A.  The proposed research will 

examine data related to physical activity, physical function, and pain in a subset of 160 

participants.  

The purpose of this study is to identify whether variation in daily physical activity 

is related to age, gender, ethnicity, education, obesity status, or knee pain among older 

adults with knee osteoarthritis, and to determine whether daily physical activity is 

associated with levels of physical function in these individuals.  

Specific aim 1:  To determine demographic correlates of daily physical activity among 

middle-aged and older, obese adults with knee osteoarthritis.  

Hypothesis:  Participants with low levels of physical activity will be older, female, less 

educated, in the minority population, and have a higher BMI status.  

Specific aim 2: To evaluate whether daily physical activity is associated with severity of 

knee osteoarthritis as assessed by self-reported pain. 

Hypothesis: Participants with low levels of physical activity self-report higher levels of 

pain compared to those with greater physical activity levels.  

Specific aim 3: To determine whether daily physical activity is associated with levels of 

physical function in these individuals.  
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Hypothesis: Participants with low levels of physical activity will have lower SPPB 

scores and cover less distance during the 6-minute walk test compared to those with 

greater physical activity levels.  

 

Understanding the physical activity habits of older adults with knee OA and the 

factors related to physical activity in this population will help healthcare providers better 

target prevention and treatment programs.  
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CHAPTER 2: PHYSICAL ACTIVITY HABITS IN OLDER ADULTS WITH 

KNEE OSTEOARTHRITIS 

 

ABSTRACT 

Background: To objectively assess physical activity habits using accelerometers, and to 

examine the relationship between physical activity and physical functioning, in 160 older 

(66 + 6 years old), obese (body mass index 33.5 + 3.7 kg/m
2
) individuals with knee 

osteoarthritis.  

Methods: Physical activity was assessed using uni-axial accelerometers (physical 

activity variables: total steps/day, minutes of activity in intensity levels, physical activity 

energy expenditure).  Physical function was assessed by the 6-min walk, a battery of 

lower extremity function, and a self-report pain and function questionnaire.  Pearson 

correlations and general linear models were used to analyze the relationship between 

physical activity and participant characteristics and physical function.  Results: The total 

steps/day was 6209 (1459-15,949) and PAEE averaged 237 + 124 kcal/day (33-790) in 

this population.  Total steps/day, PAEE, and minutes of MPA/VPA tended to be lower in 

individuals who were older.  Being female was associated with less PAEE.  There was a 

positive association between being white and steps/day, PAEE, minutes of LPA, and 

minutes of MPA/VPA.  Both the 6-min walk distance and lower extremity function was 

better in those who had higher total steps/day, higher PAEE, and higher minutes of 

MPA/VPA.  Conclusions: This study objectively measured physical activity habits in 

older adults with knee OA.  PA habits in this population were below recommended 

physical activity guidelines.  Participants who were more physically active in terms of 
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total steps/day and PAEE had better overall physical function than those who achieved 

less total steps/day.   

 

INTRODUCTION 

 Osteoarthritis (OA) is a degenerative disease that affects the cartilage in and 

around the joints and is the leading cause of disability in older adults 
7,14,58

.  OA affects 

approximately 50% of individuals aged 65 and over, and 85% of those 75 and older 
11

. 

Symptomatic OA causes joint pain, functional limitations, and for some, the need of 

assistance with activities of daily living 
7
.  Being physically active may play a role in 

preventing OA, delaying declines in physical functioning and reducing OA symptoms 
7
. 

Even with the known benefits of physical activity and the recommendations from the 

American College of Rheumatology to be physically active, only 38% of adults with OA 

achieve the physical activity guidelines of 30 minutes a day, 5 days a week at a moderate 

intensity 
22,36,37,59

. 

 Therapies that selectively target increasing physical activity have been shown to 

be effective for improving physical function and reducing pain in older adults with knee 

OA 
21,60

. For example, data from randomized controlled trials showed that physical 

activity, and physical activity in combination with dietary weight loss, effectively 

improve physical function and reduce pain in older adults with knee OA 
5,61

. Although it 

is known that adults with chronic disease are less physically active than their healthy 

counterparts, little is known about the physical activity habits in older adults and how 

those habits affect physical functioning, especially in those with OA.  An understanding 

of this may result in the development of clinical and community interventions to prevent 
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disability and improve physical function as a result of OA.  Therefore, the primary 

purpose of this study is to identify whether variation in daily physical activity is related to 

age, gender, ethnicity, obesity status, or knee pain among older adults with knee OA; and 

to determine whether daily physical activity is associated with levels of physical function 

and pain in these individuals.  

 

SUBJECTS AND METHODS 

Participants 

 The current study used a sub-sample of the participants involved in the Intensive 

Diet and Exercise for Arthritis (IDEA) trial.  Complete details of the IDEA trial design 

and methodology have been reported elsewhere 
62

. IDEA was a single-blind, single 

center, 18-month, randomized, controlled trial that examined the effects of three 

interventions on biomechanical and inflammatory OA disease pathways: exercise only, 

intensive dietary weight loss only, and exercise in combination with intensive dietary 

weight loss.  

Men and women in and around Forsyth County, NC were recruited through local 

advertisement.  The IDEA study enrolled 454 ambulatory, community-dwelling persons 

age > 55 years with: (1) grade II-III (mild to moderate) radiographic tibiofemoral OA or 

tibiofemoral plus patellofemoral OA of one or both knees; (2) 27.0 < BMI < 40.5 kg/m
2
; 

and (3) a sedentary lifestyle, defined as not participating in a program that incorporates 

more than 30 minutes per week of formal exercise within the past 6 months.  Physical 

activity data were objectively collected using accelerometers in a random sample of 

approximately one-half of the participants (n=187).  
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Exclusion criteria (Appendix A) included a serious medical condition that 

precluded safe participation in an exercise program such as coronary artery disease, 

severe hypertension, peripheral vascular disease, stroke, chronic obstructive pulmonary 

disease, active cancer (other than skin cancer), anemia, dementia, liver disease, type 1 

diabetes, type 2 diabetes, taking thiazolidinediones, blindness, psychiatric disease, 

osteoporosis, ligament or cartilage damage from an acute event, Mini-Mental score <70, 

CES-D score >17, inability to complete the 18-month study or unlikely to be compliant, 

inability to walk without a cane or other assistive device, participation in another research 

study, medical history that would prohibit a knee MRI (pacemaker, defibrillator,  

implanted metal objects, etc.), excessive alcohol consumption of  > 21 drinks per week, 

lives > 50 miles from site or plans to leave are > 3 months during the next 18-months,  

and an inability to complete the trial protocol in the opinion of the clinical staff, because 

of frailty, illness, or other reasons.  

Measures  

Measures of anthropometrics.  Body weight, height, and hip and waist circumference 

were obtained.  Body mass index was calculated as mass divided by height squared.  

Participants were weighed without shoes or heavy clothing.  

Demographics.  Demographic characteristics were obtained through self-report 

questionnaires, and included age, sex, ethnicity, income, and years of education. 

Physical activity.  The Kenz® Lifecorder EX accelerometer (Suzuken CO., LTD) was 

used to quantify physical activity levels and patterns.  The Kenz® Lifecorder EX activity 

monitor unit is small and lightweight and was firmly attached to a belt or waistband of 

the participant’s clothing during all waking hours (excluding time for swimming or 
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bathing) for seven consecutive days.  The Kenz® Lifecorder EX measures step counts, 

total daily energy expenditure (TDEE), physical activity energy expenditure (PAEE), and 

physical activity intensity levels over the course of a day.  This data can be stored on the 

device for up to 6 weeks.  A maximum pulse over 4 seconds is taken as the acceleration 

value and activities are categorized based on intensity levels (1 or minimal intensity to 9 

or maximal intensity).  When the sensor detects three acceleration pulses or more for four 

consecutive seconds, the activities are recognized as physical activity.  If an acceleration 

pulse is not immediately followed by another acceleration pulse then it is not counted as a 

0 but as a 0.5.  This assumes isolated spurts of acceleration to be changes in posture and 

not physical activity.  Based on previous research, the intensity levels are closely related 

and approximate metabolic equivalents 
47

. Activities can then be categorized by intensity 

levels; light (LPA; <3 METs), moderate (MPA; 3-6 METs), and vigorous (VPA; >6 

METs) 
47

. The display of the Lifecorder EX was locked, giving the participant no 

feedback regarding their daily steps, activity minutes, or PAEE.  This was to ensure an 

unbiased assessment of the participant’s physical activity habits.  Accelerometer diaries 

were also kept during the seven days to note the time of day participants put on the 

device and took off the device.  If the participant did not wear the device at all, this was 

to be noted in the diary.  

 To be included in our analyses, the device must have been worn for a minimum of 

10 hours a day for at least 4 of the 7 days of a week.  These guidelines were based on 

study findings from the Look AHEAD trial, who used the same minimum device wear 

inclusion criteria 
63

. Accelerometer data were uploaded onto a computer and analyzed.   
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Pain and function.  Pain and function were assessed using the self-report Western Ontario 

McMasters Universities Osteoarthritis Index (WOMAC) 
64

. This version asks participants 

to indicate on a scale from 0 (none) to 4 (extreme) the degree of difficulty experienced 

performing activities of daily living in the last 48 hours due to knee OA.  Scores are 

totaled to generate a summary score ranging from 0-68; lower scores indicate greater pain 

and lower function.  

Measures of physical performance.  Mobility was measured with the 6-minute walk (6 

min W) distance.  Participants were told to walk as far as possible in 6 minutes on an 

established course.  Participants were not given feedback during the test.  Results from 

the six-minute walk distance are correlated with symptom-limited maximal oxygen 

consumption (r=0.53) 
47

.  

The Short Physical Performance Battery (SPPB) was used to assess lower extremity 

function in older adults.  The battery involves three physical performance measures 

including preferred gait velocity, repeated chair rises, and a standing balance test.  

Results from each of the three tests are scored with 0 indicating inability to perform the 

test to a 4 indicating highest function.  Scores from the three tasks were tallied for the 

final SPPB score, which ranged from 0 (lowest physical performance) to 12 (highest 

physical performance) 
65

. 

Statistical Analysis 

All analyses were performed with the use of SAS software, version 9.2 (SAS 

Institute, Inc., Cary, NC), and significance was assessed using an α of 0.05.  Participant 

characteristics are reported as mean + SD or as frequency and percent.  
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Pearson correlations analyses were performed to examine the relationships between 

physical activity variables and participant characteristics and measures of physical 

function.  All objective PA measures were significantly correlated with each other 

(p<0.01) ranging from 0.26-0.92, therefore, all of these measures were chosen for further 

analyses.  In addition, a manual stepwise regression analysis was used to evaluate the 

relationship between physical activity (steps/day, PAEE, LPA, MPA/VPA) and 

participant characteristics and measures of physical function.  The full models included 

age, gender, race, BMI, WOMAC pain, and gender by BMI interaction.  A p-value less 

than 0.05, or a main effect and an interaction with p-value less than 0.05 was kept.  The 

models used to assess the relationship between physical activity and physical functions 

were adjusted for age, gender, race, BMI, and gender by BMI interaction.  All 

multivariate models controlled for treatment group, days between intervention start and 

accelerometer start date (lag time), and group by lag time interaction.  Results are 

presented in the tables below.  

  

RESULTS 

Participant Demographics and Physical Characteristics (Tables 1 and 2).  Statistical 

analyses were restricted to only those participants with complete accelerometer data 

(n=160).  Those who were excluded from the analysis had inconsistent accelerometer 

diaries, or less than 4 days of 10-hours wearing the device (n=29).  Participant 

demographics are shown in Table 1.  Overall, the sample was an average age of 66 + 6 

ranging from 55 to 84 years, and predominately female (69% vs. 31 % male).  The 
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population was predominately white (82% vs. 18% African American), fairly well 

educated (71% attended college), and 57% were retired.  

Table 2 denotes the participants’ physical characteristics and physical function.  

Their obesity is reflected by a high BMI status.  Physical function was assessed by the 6-

minute walk distance (6m W) and the Short Physical Performance Battery (SPPB).  

These functional assessments reflected typical ability; the average SPPB score was 11 + 1 

and the average 6m W distance was 478 + 79 meters.  Pain was assessed using the 

Western Ontario McMasters Universities Osteoarthritis Index (WOMAC).  The average 

pain score was 5.8 indicating mild pain.  The functional portion of the self-report 

WOMAC averaged 22.3 + 10.5 indicating difficulty performing activities of daily living.  

Participant Physical Activity Habits (Table 3) and Predictors of Physical Activity (Table 

4).  Physical activity is reported as 5 separate variables; total steps/day, physical activity 

energy expenditure (PAEE), minutes spent in light physical activity (LPA), moderate 

physical activity (MPA), and vigorous physical activity (VPA).  Light physical activity 

included activities requiring between one and three METS while activities requiring at 

least three METS were classified as MPA and activities requiring more than six METS 

were classified as VPA.  The total steps/day for the participants was low, 6209 total steps, 

with a large (10-fold) inter-individual variability.  Interestingly, only 7.5% (n=12) of this 

population met the public health goal of >10,000 steps per day.  On average, participants 

spent 131 minutes a day performing light activities (LPA).  Although the average 

minutes/day spent performing moderate - vigorous activities was low, only 1 individual 

spent zero minutes/day participating in moderate - vigorous physical activity.  
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Data from 160 participants who had complete accelerometer data were combined 

and regression analyses were used to determine the independent predictors of physical 

activity (Table 4).  Simple correlation analyses showed that less physical activity (lower 

total steps/day, PAEE, and MPA/VPA) was related to older age (Figure 1 and 2).  Being 

female was associated with lower PAEE, and being white was significantly associated 

with higher levels of physical activity (Figure 3).  No associations were observed 

between BMI, WOMAC Pain, and variables of physical activity.  

We next performed a stepwise regression analyses to determine the independent 

predictors of each of the physical activity variables (steps/Day, PAEE, LPA, MPA/VPA).  

The model included each physical activity variable and age, gender, ethnicity, BMI, 

WOMAC pain, intervention group, lag time, and intervention group by lag time.  Results 

showed that lower total steps/day, less PAEE, and less MPA/VPA were still related to 

greater age (p=0.008, <0.001, 0.008, respectively) (Table 6).  Being white was still 

associated with greater steps per day, greater PAEE, greater LPA, and greater MPA/VPA 

(p<0.001, 0.007, 0.012, 0.003, respectively).  BMI, WOMAC pain, and education were 

not significant in any model.
 

Relationship between Physical Activity and Physical Function (Table 5).  Next, we 

examined whether physical function was associated with physical activity.  Results 

showed that two measures of physical function (6m W and SPPB) were associated with 

physical activity, indicating that better function is related to greater levels of physical 

activity.  For example, individuals with greater 6 m W distance had more total steps/day, 

greater PAEE, and more minutes of MPA/VPA.  On average, higher total steps/day was 

associated with greater 6 minute walk distances. A higher SPPB score, which is 
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indicative of greater lower extremity function, was associated with greater minutes of 

MPA/VPA (p=0.008).  Knee-strength and the self-reported measure of physical function 

(WOMAC) were not associated with physical activity variables.  

Separate models for physical function with each physical activity variables were 

fitted (Table 5) and models were adjusted for age, gender, race, BMI, intervention group, 

lag time, and intervention group by lag time (Table 7).  All significant results 

demonstrated a positive association, such that greater total steps/day, greater PAEE and 

greater minutes of MPA/VPA (p=0.002, <0.001, and <0.001, respectively) were 

associated with greater 6 minute walk distances.  Greater minutes of MPA/VPA 

(p=0.008) were also associated with higher SPPB scores in these analyses.  

 

DISCUSSION 

Research shows that the majority of adults in the U.S. are inactive regardless of 

the known benefits of physical activity
34

, yet this research lacks an understanding of older 

adults’ physical activity habits, especially in populations with chronic diseases, such as 

knee OA. Only a small percentage of our population (7.5%) met the current the physical 

activity recommendations.  Our findings also provide evidence of an association between 

objectively measured physical activity and gender, age, ethnicity, and physical function.  

Greater physical activity was evident in younger vs. older, white vs. African American, 

and male vs. female.  One of the most common OA symptoms is pain however; self-

reported pain was not associated with physical activity, which indicates pain may not be a 

limiting factor for individuals with knee OA.   
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Current physical activity guidelines from ACSM suggest accumulating 30 

minutes a day, 5 days a week at a moderate intensity (>3 METS) or 20 minutes a day, 3 

days a week at a vigorous intensity (>6 METS).  The guidelines specifically for knee OA 

recommend 30 minutes a day of at least moderate- intensity physical activity (>3 METS) 

on at least 3 days of the week
7,10,36

. Findings from this study support previous research, 

using self-report measures of physical activity, that older adults with knee OA do not 

meet physical activity guidelines
35,37,59

. On average, our participants were moderately 

active (MPA) for less than 10 minutes a day, and spent an average of only 131 minutes a 

day performing light physical activity (LPA).  Participants walked an average of 6209 

steps/day, which is consistent with a review suggesting that healthy older adults 

accumulate between 6,000-8,000 steps/day, and older adults with chronic diseases 

accumulate 3500-5550 steps/day 
66,67

.  Since physical inactivity increases with age and 

higher MPA/VPA was associated with physical function, it may be practical and 

necessary to encourage MPA/VPA to older adults with knee OA as a part of their regular 

treatment plan to help maintain or improve leg strength and mobility.  In addition, our 

study confirms prior research  findings that indicate besides age, prominent risk factors 

for physical inactivity in individuals with knee OA are more likely to be female and 

minority 
6,10,21,22

. 

Our findings may have important clinical implications for health professionals 

who are recommending physical activity for older adults with knee OA.  First, in addition 

to educating participants about the benefits of physical activity, health care providers 

should encourage physical activity that is specific to the individual’s demographics (such 

as age, gender, and ethnicity) and functional ability.  Physical activity can be achieved in 
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various forms; health care providers should be sensitive to predisposing factors when 

recommending physical activity as an additive to activities of daily living or as 

recreation.  Second, health care providers should recommend physical activity as an 

effective treatment strategy for OA.  Individuals, who were more physically active, had 

less functional limitations than those who were less physically active.  Also, physical 

activity has been shown to have positive effects on disability, muscle strength, flexibility, 

and pain 
21,68,69

. Thus, increasing physical activity may be one method of preserving 

physical function and maintaining independence in older adults with knee OA.   

The present study has several strengths.  The measurement of physical activity by 

accelerometers allowed us to objectively evaluate physical activity, where previous 

studies were limited by subjective measures such as questionnaires.  In addition, the 

study was conducted in older, overweight or obese men and women that had 

radiographical evidence of knee OA.  This population is already at increased risk of 

disability, and by gaining a better understanding of the physical activity habits in this 

population, we can more appropriately recommend treatment options to delay the 

progression of OA and prevent disability.  Certain limitations are inherent in this study.  

Most importantly, this study was a cross-sectional design and we cannot assume 

directionality or causality.  In addition, these study findings are only generalizable to a 

population of overweight or obese, older adults with knee OA.  Third, accelerometers 

lack the ability to capture water-based activities such as swimming, and upper body 

activities such as weight lifting, thus underreporting some activity levels. Although 

accelerometers are an acceptable tool for measuring physical activity, the Lifecorder Ex 

accelerometer has only been validated in a younger, healthy, population 
70,71

. Also, the 
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Lifecorder Ex accelerometer has set, predetermined intensity levels and cannot be 

manually adjusted to capture more or less physical activity based on the intensity level. It 

would have been beneficial to assess less intense activity in this population, as they may 

not have been able to achieve a moderate intensity activity, recorded in the accelerometer 

as 3-6. Future research may want to look at redefining low, moderate, and vigorous 

physical activity for the older adult population, especially as they are assessed by 

accelerometers.  

Despite these limitations, the findings from this study have important 

ramifications for refining current guidelines for recommending physical activity to older 

adults with knee OA.  These findings contribute to the knowledge of physical activity 

habits among older adults with OA and emphasize the importance of encouraging 

physical activity as a strategy for managing OA symptoms and delaying disability.  

 

CONCLUSION 

 This study objectively measured physical activity habits in older adults with knee 

OA.  Individuals with knee OA accumulate little MPA/VPA (<10 min/day), not 

achieving recommended levels for physical activity.  It was found that participants that 

were more active had better physical function scores than those who were less active.  

Therefore, describing this specific population is useful in promoting physical activity and 

developing more effective treatment options for older adults with knee OA.  
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Table 1.  Participant Demographics (n=160) 

 

Characteristics N % 

Ethnicity   

White 132 82 

African American                                 28 18 

Sex     

Male 50 31 

Female 110 69 

Education   

High school or less 46 29 

College 73 46 

Post graduate 41 25 

Income   

< $35,000 44 28 

$35,000-$75,000 66 41 

> $75,000 50 31 

Employment   

Currently Employed 49 31 

Retired 91 57 

Other 20 12 
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Table 2.  Participant Physical Characteristics and Physical Function (n=160) 

 

Characteristics Mean +SD Minimum Maximum 

Age (years) 66 + 6 55 84 

BMI (kg/m
2
) 33.5 + 3.7 27.0 40.5 

WOMAC pain score 5.8 + 2.8 0 14.0 

WOMAC function score 22.3 +10.5 0 48.0 

6-Minute Walk Distance (m) 478 + 79       249 768 

SPPB score 11.0 + 1.2   8.0 12.0 

*Knee Strength (N) 229 + 85  46 469 

 

*note Knee Strength n=122 
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Table 3.  Participant Daily Physical Activity (n=160) 

 

 Mean + SD Minimum Maximum 

Average Steps/day 6209 + 2554 1459 15,949 

PAEE (kcal/day) 237 + 124 33 790 

LPA (min/day) 131 + 40 32 264 

MPA (min/day) 10.0 + 8.3 0 39.4 

VPA (min/day) 0.6 + 1.6 0 12.2 
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Table 4.  Correlations between Physical Activity Variables and Participant 

Demographic and Physical Characteristics (n=160) 

 

r= Pearson correlation coefficient (p value)  

Bolded values are significant 

 

 

  

Variable Steps/Day PAEE LPA MPA/VPA 

1. Age r=-0.205 

(0.009) 

r=-0.255 

(0.001) 

r=-0.077 

(0.333) 

r=-0.222 

(0.005) 

2. Female r=-0.067 

(0.399) 

r=-0.243 

(0.002) 

r=0.0688 

(0.388) 

r=0.094 

(0.237) 

3.White r=0.244 

(0.002) 

r=0.202 

(0.010) 

r=0.198 

(0.012) 

r=0.210 

(0.008) 

4.BMI r=-0.054 

(0.500) 

r=0.130 

(0.102) 

r=-0.070 

(0.377) 

r=-0.063 

(0.429) 

5. WOMAC Pain r=-0.082 

(0.302) 

r=-0.116 

(0.144) 

r=-0.044 

(0.583) 

r=-0.144 

(0.070) 
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Table 5.  Relationship between Physical Activity and Physical Function (n=160) 

 

 

Variable 
WOMAC 

Function 
6-min W SPPB 

Knee 

Strength 

(n=122) 

1. Steps/day 

 
-0.071 

(0.371) 
0.379 

(<.0001) 

0.240 

(0.002) 

0.130 

(0.152) 

2. PAEE -0.085 

(0.284) 
0.435 

(<.0001) 

0.197 

(0.013) 

0.226 

(0.012) 

3. LPA -0.058 

(0.465) 

0.137 

(0.085) 
0.195 

(0.013) 

-0.040 

(0.663) 

4. MPA/VPA -0.074 

(0.351) 
0.391 

(<.0001) 

0.315 

(<.0001) 

0.088 

(0.333) 

 

r= Pearson correlation coefficient (p value)  

Bolded values are significant 
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Table 6. Results from Stepwise Models for Physical Activity Variables with 

Participant Demographic and Physical Characteristics (n=160) 

 

Variable Steps/Day 

β (SE) 
PAEE 

β (SE) 
LPA 

β (SE) 
MPA/VPA 

β (SE) 

1. Age -82.3 (30.7) 

p=0.008 

 

-5.8 (1.5) 

p<0.001 

 

- 

0.3 (0.1) 

p=0.003 

 

2. Female 

- 

71.8 (19.6) 

p<0.001 

 

- - 

3.White 1750 (507) 

p<0.001 

 

64.6 (23.8) 

p=0.007 

 

20.7(8.1) 

p=0.012 

 

5.2 (1.7) 

p=0.003 

 

 

The full model consisted of age, gender, ethnicity, BMI, WOMAC Pain, intervention 

group, lag time (days between accelerometer and intervention start) intervention group by 

lag time. Results are only presented in the table below for variables retained in the model.  

SE = Standard Error 
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Table 7.  Results from Four Separate Models for Physical Function with Each 

Physical Activity Measures (n=160) 

 

 

Variable 
WOMAC 

Function 

β (SE) 

6-min W 

β (SE) 
SPPB 

β (SE) 

Knee 

Strength 

(n=122) 

β (SE) 

1. Steps/day 

 - 

0.01 (0.002) 

p=0.002 

 

- 

 

- 

2. PAEE 

- 

0.2 (0.05) 

p<0.001 

 

- 

 

- 

3. LPA 
- - - 

- 

4. MPA/VPA 

- 

2.9 (0.66) 

p<0.0001 

 

0.03 (0.01) 

p=0.008 

 

 

- 

 

Model is adjusted for age, gender, race, BMI, intervention group, lag time (days between 

accelerometer and intervention start) intervention group by lag time. Only significant 

results are presented in the table.  
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CHAPTER 3: OTHER ANALYSIS 

 

The purpose of this study was to objectively assess physical activity habits using 

accelerometers, and to examine the relationship between physical activity and physical 

functioning and pain, in 160 older individuals with knee osteoarthritis.  This was 

accomplished by examining the relationship between physical activity variables (total 

steps/day, physical activity energy expenditure (PAEE), minutes spent participating in 

physical activity and intensity level), and participant characteristics and physical 

functioning.  The findings from the present study support previous research using self-

report measures of physical activity, that older adults with knee OA do not meet the 

physical activity guidelines of  >30 minutes a day, 5 days a week at a moderate intensity, 

or 20 minutes a day, 3 days a week at a vigorous intensity 
7,10,36

. On average, our 

participants were moderately physically active (MPA) for less than 10 minutes a day, 

spending an average of 131 minutes a day performing light physical activity (LPA).  Our 

participants walked an average of 6209 steps/day, which is consistent with a review 

suggesting that healthy older adults accumulate between 6,000-8,000 steps/day, and older 

adults with chronic diseases accumulate 3500-5550 steps/day 
66,67

.  Being female was 

associated with less PAEE and there was a positive association between being white and 

physical activity.  Our study results confirm previous research,  indicating that besides 

age, prominent risk factors for physical inactivity in individuals with knee OA are being 

female, and a minority 
6,10,21,22

. 

Given the limitations of this study, to fully explain the physical activity habits in 

older adults with knee OA, a larger, observational cohort study done in a free-living 

environment is warranted.  Such studies may want to examine a) objective and subjective 
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assessments of physical activity, b) severity of the OA disease, and c) clearly define 

physical activity and intensity levels.  

Objective measures of physical activity, specifically accelerometers, are feasible 

and provide researchers with detailed information regarding physical activity habits in 

older adults with knee OA.  Accelerometers have the advantage of providing information 

regarding intensity level and duration of activity, caloric information, and time-stamped 

information; however, they do not provide information regarding upper body movement 

or water-based activities.  Standardizing accelerometer wear time criteria, (minimal wear 

time for a day and minimal number of days the device needs to be worn) has important 

implications for participants and the overall generalizability of results.  Coupling 

accelerometers with another assessment tool, such as a self-report questionnaire or a 

detailed activity log, may more inclusively describe physical activity habits in older 

adults with knee OA.  

Another thing to be aware of with the assessment of physical activity is the time 

in which those measures are assessed.  For example, in the current study the 

accelerometer, in some cases, was worn during intervention and recorded that exercise 

time, therefore we needed to control for lag time in the analyses.  This was important to 

note because of the two-week lag time (14 days between intervention and accelerometer 

use).  Future research should assess physical activity prior to the start of intervention to 

obtain a true assessment of the normal physical activity habits in older adults before 

beginning a physical activity program.  

Out of curiosity, we ran other analyses based on the previous sample population, 

only including data from individuals that had accelerometer data obtained prior to the 
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start of intervention and met the other inclusion criteria (n=29).  Descriptive statistics are 

shown below in Tables 6 and 7.  This population was 67 + 6 years old and obese.  

Interestingly, the physical activity variables were slightly different.  This sample was less 

active than the full sample, only accumulating 5649 + 2421 total steps/day (still with a 

10-fold inter-individual variability), and an average PAEE of 196+ 98 kcal/day (vs. 237 + 

124 kcal/day in the full sample).  This sample performed 135 minutes of light physical 

activity over the course of the day and 7 minutes of moderate physical activity.  Overall, 

this sample had lower physical function scores compared to the full sample.  Due to the 

small sample size, further correlational or GLM were not run to assess the relationship 

between physical activity and physical characteristics and physical function.  These 

differences illustrate the importance of appropriately assessing physical activity prior to 

the start of a physical activity intervention.  

Expanding this, current research should assess severity of OA disease.  Individual 

differences in K-scores, physical function, and OA symptoms such as pain, would 

provide a better understanding of the physical activity habits of older adults with knee 

OA, not only of those who volunteer for a physical activity trials, as they do not reflect 

the general population.  The more we understand about individual’s normal physical 

activity habits, the better we can make physical activity recommendations and prescribe 

appropriate treatment options.  It would also be of interest to describe the physical 

activity habits of active older adults, what they are doing, and how long are they doing it.  

It may also be of importance to assess how physical function and OA symptoms change 

over time as this may be attributed to the participation in physical activity.  
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In the literature, the terms physical activity and exercise are often used 

interchangeably; however, these terms have different meanings.  Clearly, defining 

physical activity would help reduce speculations to what may or may not be included in 

physical activity.  This would also help describe other activities older adults commonly 

participate in.  Future research should also define intensity and type of activity, as they 

too are subjective and open for interpretation.  What is low intensity activity for one 

individual may be moderate activity for another.  Without consistent and clear 

definitions, these components of physical activity are left vague and exposed to 

interpretation.  As researchers and advocates of public health, how can we provide public 

guidelines and ask individuals to follow them when so much of the guidelines are 

subjective?  Universal descriptions and a universal understanding of physical activity 

would make results more generalizable and guidelines easier to follow.  

Future research should examine the dissemination of the physical activity 

guidelines.  It would be of interest to see how individuals are being informed about the 

physical activity guidelines, what information is provided to them, and how they are 

being held accountable to the guidelines.  For example, if a physician encourages a 

patient to increase their activity (or for argument sake, prescribes them physical activity), 

do the physicians advise the patients on how to become physically active, and how long 

and how often should they be physically active?  Low compliance to physical activity 

guidelines may in part be due to the breakdown in communication, clear and concise 

physical activity recommendations.   

The aforementioned suggestions may aid in truly describing physical activity 

habit in older adults with knee OA and may have important implications recommending 
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physical activity as a treatment option for managing OA symptoms. Physical activity is 

an essential part of life and should be recommended in all populations, especially in older 

adults with knee OA, to maintain and improve physical function and independence.  
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Table 8.  Participant Physical Characteristics and Physical Function (n=29) 

 

Characteristics Mean +SD Minimum Maximum 

Age (years) 67 + 6 56 77 

BMI (kg/m
2
) 32.8 + 3.8 27.0 40.3 

WOMAC pain score 6.1 + 3.0 1 14.0 

WOMAC function score 22.9 + 10.4 5 40.0 

6-Minute Walk Distance (m) 467 + 77 313 592 

SPPB score       10.7 + 1.3 8.0 12.0 

*Knee Strength (N)       216 + 80 60 346 

 

*note Knee Strength n=27 
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Table 9.  Participant Daily Physical Activity (n=29) 

 

 Mean + SD Minimum Maximum 

Average Steps/day 5649 + 2421 1459 15,258 

PAEE (kcal/day) 195.9 + 98.2 33.3 593.6 

LPA (min/day) 134.5 + 39.4 50.3 263.9 

MPA (min/day) 6.6 + 6.5 0 23.1 

VPA (min/day) 0.1 + 0.2 0 1.2 
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APPENDIX A 

Exclusion Criteria 

Criteria Exclusion Method 

Significant co-morbid disease 

that would pose a safety threat 

or impair ability to participate, 

previous acute knee injury, or 

knee OA other than 

tibofemoral 

Symptomatic or severe 

coronary artery disease; severe 

HTN; active cancer, other than 

skin cancer; anemia; 

dementia; liver disease; 

COPD; peripheral vascular 

disease; inability to walk 

without an assistive device; 

blindness; osteoporosis, 

ligament or cartilage damage 

from acute event; type 1 

diabetes; type 2 diabetes on 

thiazolidinediones agents; 

failure to complete GXT or 

positive test 

Medical history; physical 

exam; GXT; knee x-ray 

sunrise view 

Ability and willingness to 

modify dietary or excess 

behaviors 

Unwillingness or inability to 

change eating and physical 

activity habits due to 

environment; cannot speak 

and read English 

Questionnaire, assessment by 

interventionists  

Excess alcohol use > 21 drinks per week Questionnaire 

Inability to finish 18-mont 

study or unlikely to be 

compliant 

Lives >50 miles from site or 

planning to leave area > 3 

months during the next 18 

months 

Medical history 

Conditions that prohibit knee 

MRI 

Pacemaker, severe 

claustrophobia, defibrillator, 

implanted metal objects in leg, 

neurostimulator, magnetic 

aneurysm clip, any kind of 

metal implant or foreign metal 

objects in the body, such as 

bullets, shrapnel, metal silvers, 

Medical history  



   

64 

 

etc.  

Significant cognitive 

impairment 

Diagnosis of dementia or a 

Mini-Mental State Exam 

(3MSE) score <70 

Medical history, 3MSE 

Recent knee injection or 

surgery 

Knee injection within the past 

1 month or knee surgery in the 

past 6 months. 

Eligibility Questionnaire, 

Medical History  
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APPENDIX B 

Participant Flow Chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Note: bad accelerometer data means data fell outside the valid window, had inconsistent 

wear log data, or less than 4 days of 10-hour wearing the device 

 

 

2772 Screened  

454 Randomized  

187 with accelerometer 

data 

38 missing knee strength 

data only 

27 w/ bad 

accelerometer data* 

160 used in 

accelerometer analyses 122 with complete data 

records 
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