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ABSTRACT 
 

ASSESSMENT OF PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOR 
USING WEARABLE SENSORS: MEASUREMENT CONSIDERATIONS AND 

CLINICAL APPLICATIONS 
 

May 2017 
 

AMANDA M. HICKEY, B.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
 

M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
 

Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
 

Directed by: Professor Patty S. Freedson 
 
 The aims of study one of this dissertation were two-fold: 1) To understand 

the variability of sedentary behavior (SB) throughout a seven-day measurement 

period and 2) To determine the number of days of SB measurement required to 

reliably estimate seven-days of measurement. To address these aims, we 

utilized activPAL (AP) data from two existing data sets from the Physical Activity 

(PA) and Health Laboratory. Data were from 62 adults and 34 adolescents who 

had seven consecutive days of valid monitor wear. We found that adults were 

more sedentary on weekdays compared to weekend days, but there were no 

differences by type of day in adolescents. Results also suggest that two days of 

wear in adults and three days of wear in adolescents provide estimates 

comparable to a seven-day day measurement period. Our observation that less 

than seven-days of data are needed to reliably estimate SB is a novel finding and 

will reduce measurement burden for researchers and participants in future 

studies.  

 For study two, we sought to determine the feasibility of assessing SB/PA 

with wearable sensors in a clinical population. More specifically, the aims of this 
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part of the dissertation were 1) To quantify changes in objectively measured PA 

and SB using an AP during the natural progression of osteoarthritis (OA) over a 

nine-month period and 2) To determine the relationship between change in 

objectively measured PA and SB and patient reported pain and function. 

Participants were monitored immediately following a baseline clinic visit and after 

three, six, and nine-month follow-up visits. In addition, we correlated these 

PA/SB metrics with patient-reported changes in pain and function. We found no 

changes in any SB metrics (% of time spent sedentary, breaks per day, and 

break-rate) at three, six, and nine months in comparison to baseline. There were, 

however, significant declines in activity metrics (% of time spent stepping, 

guideline minutes, guideline bouts, % of time spent in moderate-to-vigorous PA 

and steps per day) at each subsequent time-point. The percent change for 

declines in activity metrics ranged from 0.1% to 42%. The R2 values describing 

the relationship between the SB/PA variables and the patient reported pain and 

function using the WOMAC were all low (range: 0 to 0.14). The results from this 

part of the dissertation demonstrate that it is a feasible approach to longitudinally 

quantify natural changes in PA/SB as OA progresses and they also provide 

insight into how activity behavior changes over time and informs the literature 

that interventions to help individuals maintain their PA levels are warranted. 

 The aims of study three were: 1) To determine if the ActiGraph (AG) and 

AP provide comparable estimates of PA and SB in a sample of patients with OA 

and 2) To compare the relationships between patient-reported pain and function 

and PA/SB measures from the AP and AG accelerometers. Two SB cutpoints 
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from the AG were utilized (100 counts∙min-1 (AG100) and 150 counts∙min-1 

(AG150)).  

There were significant differences between the AP and AG150 for measures of 

% of time spent sedentary (difference of 6.3%), breaks per day (difference of 30 

breaks), and steps per day (difference of 879 steps). There were significant 

differences between the AP and AG100 for breaks per day (difference of 30 

breaks) and steps per day (difference 640 steps). Average guidelines minutes 

and number of guidelines bouts were comparable among the AP, AG100 and 

AG150. The association between the SB and PA variables and the patient 

reported pain and function were very weak (all R2 values < 0.07) for the AP and 

AG. This last study provides evidence that researchers should be cautious in 

comparing PA/SB findings across studies that use different wearable sensors to 

assess SB/PA behavior.  
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CHAPTER I 
  

INTRODUCTION 

Statement of the Problem 
 
 The literature supports a consistent, inverse relationship between physical 

(PA) and health outcomes such as cardiovascular disease, type 2 diabetes, and 

obesity (1). More recently, evidence has accumulated suggesting that sedentary 

behavior (SB) is associated with an increased risk of developing these 

diseases (21, 34, 35). Much of the evidence for these health-behavior 

relationships was established through large-scale epidemiological studies. These 

epidemiological studies often rely on self-report tools to measure PA and SB, as 

these tools are convenient and inexpensive. However, self-report tools are 

susceptible to measurement error arising from recall bias and/or social 

desirability (2, 92). Therefore, using self-report may lead to misclassification of 

PA and SB levels and in turn may attenuate the relationship between these 

behaviors and health outcomes (12). These limitations of self-report are a 

problem as any PA and SB research (e.g., cross-sectional, experimental, 

longitudinal) relies on accurate and precise measurement of habitual, free-living 

behavior.  

Objective measures (e.g., accelerometers) of PA and SB are more accurate 

and precise than self-report tools (46, 56, 80). In the past, the inconvenience and 

cost have prohibited their use in large-scale studies. However, accelerometers 

have evolved over time (e.g., longer battery life, larger memory capacity, and 

lower cost) and thus have become more feasible to use in large-scale 

studies (95). There are large volumes of PA and SB data in healthy adults from 
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epidemiological studies such as the NHANES and BRFSS (22, 69, 94). These 

data are useful and applicable for making judgments about the activity habits of 

the general population, but may not pertain to specific clinical populations. 

However, measuring PA and SB in clinical populations such as those with 

osteoarthritis (OA) may be of particular importance. Clinical populations where 

mobility is affected may be more susceptible than the general population to 

adopting a sedentary lifestyle and may be at higher risk for developing co-

morbidities known to be related with a sedentary lifestyle. In addition, there may 

be certain chronic diseases that may alter or be affected by SB or PA. Possible 

reasons these behaviors may be important to measure in clinical populations 

include: 1) To determine if these populations meet the national PA guidelines, 2) 

To determine if changes in PA/SB occur while the disease progresses, and 3) To 

determine if changes in PA and SB occur after different treatments. All of these 

reasons rely on the accurate and precise measurement of these behaviors. 

Therefore, objective evaluation of PA and SB in clinical populations is warranted. 

However, with an increase in the utilization of these types of devices, it is 

important to insure that results from studies that use different accelerometers are 

comparable. This dissertation addressed three knowledge gaps in assessing 

PA/SB using wearable sensors. The first study addressed a fundamental 

methodological issue in reliably estimating habitual PA and SB. The second 

study utilized accelerometers to measure PA and SB in a longitudinal manner in 

patients with OA. The third study compared PA/SB output from two different 

accelerometers (the activPAL (AP) and ActiGraph (AG)) and the relationships 
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between patient-reported pain and function and PA/SB measures from the AP 

and AG accelerometers. 

Aims of Dissertation Studies 

Study One: How Many Days Are Needed to Reliably Estimate Habitual 

Sedentary Behavior? 

It is important to capture habitual patterns of behavior in studies examining 

health-behavior relationships (e.g., the relationship between diabetes risk and 

PA). Habitual patterns of PA/SB may be difficult to ascertain using 

accelerometers, as it is not feasible for a study to monitor participants for weeks 

or months at a time. Therefore, a fundamental methodological issue in activity 

monitoring is to insure that the activity monitoring period reliably captures 

habitual behavior. To understand this issue, the variability of both PA and SB 

must be considered. Patterns and variability of PA behavior in both adults and 

adolescents has been well studied in the literature (25, 26, 51, 94). Previous 

research has demonstrated that in adults at least three to five days of monitor 

wear are necessary to reliably estimate PA (ICC=0.80) (52, 68, 96). Therefore, a 

common protocol used in large-scale epidemiological studies, such as NHANES, 

is to have participants wear an accelerometer for a seven-day period and to 

include data in subsequent analyses for participants who provide at least three to 

five days of data. Despite the abundance of literature regarding the variability in 

accelerometer measured PA behavior, much less is known about variability 

characteristics in accelerometer measured SB. For example, there are limited 
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data regarding whether there are day-to-day and weekend day versus weekday 

differences in SB. 

The few studies that do examine whether there are day-to-day differences 

in SB have equivocal findings where some studies demonstrate day-to-day 

differences (16, 41, 66) while others do not (56, 100). In addition, there are also 

conflicting findings on whether there is an effect of day status (weekend day vs. 

weekday) on SB (56, 88, 100).  Based on the conflicting findings, further work is 

required to understand the variability of accelerometer measured SB.  

There is also a paucity of data regarding the number of days necessary to 

reliably estimate SB. Studies that have examined this have found a range of 

three to seven days are needed (16, 41, 68). However, the studies that have 

been conducted contain drawbacks such as limitations in the type of device that 

is used to measure SB and the metric used to estimate SB. Further investigation 

into day-to-day differences and the number of days needed to estimate SB 

should: 1) include the use of the AP accelerometer, which is an accurate and 

precise measure of SB compared to direct observation (55), 2) use a metric of 

SB that takes into account wear time, and 3) be conducted in both adults and 

adolescents.  

The aforementioned studies were all conducted in adults. In adolescents, 

patterns of SB on weekend and weekdays have been mostly identified using self-

reported time spent viewing television. The few studies that use an 

accelerometer to measure SB demonstrate mixed results on whether there is an 

effect of day status on SB (38, 51) and find that three days are needed to reliably 
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estimate SB in adolescents (6).  Understanding the patterns of SB in adolescents 

in important as the literature consistently demonstrates a decline in PA during 

adolescence (18). Therefore, this first dissertation study addressed the limitations 

in the current literature by combining AP data from two previously conducted 

studies in the Physical Activity and Health Lab that includes both adults and 

adolescents. The AP data collection and processing methods were identical in 

the two studies. The combined data were used to examine day-to-day 

differences in SB and determine the number of days needed to reliably estimate 

habitual SB. 

1. Specific Aim:  To determine if there are day-to-day differences in SB.   

a. Hypothesis: There will be no day-to-day differences in SB. 

2. Specific Aim: To determine the number of days required to reliably 

estimate habitual SB. 

a. Hypothesis: The number of days required to estimate habitual SB will 

be the same as number of days required to estimate habitual PA. 

Study Two: A Longitudinal Assessment of Accelerometer Measured 

Physical Activity and Sedentary Behavior in Adults with Osteoarthritis 

 OA is a disease in which there is no consensus in the literature regarding 

a single symptom or test to diagnosis or monitor progression of the disease (3). A 

current method used to assess symptoms and/or progression of the disease is by 

monitoring a patient’s functional ability, or the ability to carry on normal daily 

activities. A patient’s functional ability is assessed via self-reported 

questionnaires such as the WOMAC or by objective functional performance 
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measures such as the chair stand test (65). While self-report provides 

information on perceived ability and the objective functional performance 

measures provide some information on actual ability, they do not necessarily 

reflect a patient’s functional status in everyday living (76). Therefore, they do not 

provide physicians with information on the impact of OA on daily function or 

treatment effectiveness. 

 Wearable devices such as accelerometers have the capability of 

measuring free-living behavior and metrics from these devices may provide 

physicians and other health care professionals more information that 

comprehensively characterizes individual function and how OA patients are 

affected in their daily life by symptoms of OA. There are data that support this 

notion. Accelerometer-measured PA is reportedly related to improved physical 

function (13) and a higher amount of  accelerometer-measured sedentary time 

has been shown to be related to reduced physical function (59).  While these 

relationships may be important to physicians and other health care professions, 

before these devices are implemented in a clinical setting, it is necessary to 

collect objectively measured PA and SB in OA patients as the disease 

progresses. Accelerometer data collected longitudinally can be used to quantify 

natural changes in these PA/SB metrics as the disease progresses, which will 

help to develop appropriate PA and SB guidelines in this population. In addition, 

examining the relationship between these PA/SB metrics and pain and function 

will help to inform the development of future interventions designed to maintain 

physical function in these patients.  
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 Another methodological consideration is the type of accelerometer that is 

utilized. Since SB has been identified as an important health-related behavior, 

employing a wearable sensor that accurately measures this behavior is important. 

The majority of accelerometer-measured PA and SB data in a population with OA 

come from the Osteoarthritis Initiative (OAI). The OAI includes those who already 

have knee OA or at risk of developing it and uses the AG hip-worn accelerometer 

to measure PA and SB. This device lacks sensitivity for measuring changes in 

SB (55). In contrast, the AP is an accurate and precise measure of SB and is 

sensitive enough to detect changes in SB  (55). To our knowledge, few published 

studies exist that use the AP in patients with OA (63, 93). Therefore, the primary 

aim of this study was to determine if there are changes in PA and SB assessed 

with the AP accelerometer during the natural progression of knee OA over a 

nine-month period. The second aim was to determine if AP accelerometer 

measures of PA and SB are related to patient reported pain and function at each 

time-point. Fifty patients from the Arthritis and Total Joint Center on the UMass 

medical campus were recruited.  Participants wore an AP accelerometer to 

measure PA and SB levels for 7-days at baseline, 3-months, 6-months and 9-

months. Patients also self-reported their pain and function levels at each of the 

time points. 

3. Specific Aim:  Determine if there are changes in PA and SB using the AP 

accelerometer during the natural progression of knee OA over a 9-month 

period 



    8 

a. Hypothesis: SB will increase and PA will decrease during the natural 

progression of knee OA over a 9-month period  

4. Specific Aim: Determine if AP accelerometer measures of PA and SB are 

related to patient reported pain and function at each time-point (baseline, 

3-month, 6-month and 9-month   

a. Hypothesis: Accelerometer measures of PA and SB will be related to 

patient reported pain and function at each time-point (baseline, 3-

month, 6-month and 9-month   

Study Three: Comparison of Output From Two Accelerometers in a 

Population With Osteoarthritis 

 There is substantial information regarding activity level in healthy adults 

from epidemiological studies such as the NHANES and BRFSS (22, 69, 94). 

However, measuring PA and SB in clinical populations with mobility limitations 

may be particularly important, as they may be more likely than the general 

population to adopt a sedentary lifestyle. Individuals with OA is a clinical 

population that may be at higher risk for developing co-morbidities that are 

associated with a sedentary lifestyle (21). However, the majority of studies 

examining activity behavior in OA patients have relied on self-report, which has 

limited reliability and validity compared to more objective measures of activity 

(e.g., accelerometers) (80). Fortunately, accelerometers have become more 

ubiquitous (95) and  are being used to measure activity behavior in individuals 

with OA (19, 27).  
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 While the use of accelerometers in patients with OA has increased over 

time, a current concern is whether results from studies that use different 

accelerometers are comparable. In recent years, the AP has been more widely 

used for the measurement of SB as it is has been shown to be more accurate 

and precise than the AG for estimating SB in the free-living environment (53). 

The AP’s accuracy, precision, and ability to measure time spent in different 

postures (sitting/lying, standing/stepping) as well as time spent in different 

intensities (sedentary, light and MVPA) make this device attractive to 

researchers (32, 84). The OAI provides the majority of PA and SB data in 

patients with OA and the AG is utilized to measure these behaviors. Therefore, it 

is important to determine if differences between AP and AG estimates of PA/SB 

exist. If differences in outcome measures exist between monitors, this will have 

implications for comparing activity and SB measures across studies that use 

different monitors. In addition, differences in monitor output may impact the 

relationships between activity behavior and symptoms of OA (e.g., pain and 

physical function). Therefore, the primary aim of this study was to determine if 

the AG and AP provide comparable estimates PA and SB in a sample of patients 

with OA. The secondary aim of this study was to compare the relationships 

between patient-reported pain and function and PA/SB measures from the AP 

and AG accelerometers. We used baseline measures from the longitudinal study 

in OA (study two) patients to determine if the AG and AP provide comparable 

estimates PA and SB in a sample of patients with OA and to compare the 
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relationships between patient-reported pain and function and PA/SB measures 

from the AP and AG accelerometers.  

5. Specific Aim: To determine if there are differences in monitor-based 

estimates of PA and SB between AP and AG accelerometers in 

individuals with OA. 

a. Hypothesis: There will be differences in monitor-based estimates of PA 

and SB between the AP and AG accelerometers in individuals with OA. 

6. Specific Aim: To compare the relationship between objectively measured 

free-living PA and SB and patient reported function using both the AP and 

AG tools for estimating PA and SB in persons with OA 

a. Hypothesis: The relationships between objectively measured free-living 

PA and SB and patient reported function will be different when using 

the AP and AG in persons with OA 

Significance of Dissertation Studies 
 
 The results of the first study answer a fundamental methodological issue 

in the SB measurement field by providing information on the monitoring period 

necessary to reliably capture habitual SB. This adds to the paucity of data in this 

area in the measurement field and builds upon the limitations of the few studies 

that have been conducted in this area by: 1) Focusing on a more diverse 

participant sample (e.g., broad ages, BMIs, and activity levels), 2) Utilizing an 

accurate and precise measure of SB that is commonly used in studies to 

measure SB, and 3) Accounting for wear time presenting metrics as percent of 

wear time. It is typical for studies to use one week of monitor wear as their study 
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protocol and if participants have provide at least four valid wear days (10 hours of 

wear or more) the data are used in subsequent analyses. However, being able to 

use less than four days of data to estimate habitual SB could reduce participant 

burden and allow researchers to include more data in their analyses. 

 The results of the second study add new information to the limited number 

of studies on objective measures of PA and SB in patients with OA. More 

research groups are recognizing the importance of establishing measures of 

these behaviors in clinical populations. The longitudinal study design uses 

improved objective measures of SB and PA and determined how these behaviors 

change as the disease naturally progresses. Findings from this study will be 

useful in a clinical setting to: 1) develop appropriate PA and SB guidelines in this 

population as it provides information on the currently activity and sedentary levels 

of this type of population and 2) Determine targets for interventions to maintain 

physical function in this population.  

 The results of the third study have significant implications in the field 

regarding objectively measured PA and SB in adults with OA. It helps to 

determine if activity and SB levels can be compared across studies that use 

different monitors. It also will determine if the PA/SB metrics from different 

monitors have similar relationships with patient reported pain and function. If the 

relationships differ depending on what type of monitor is used that could also 

have implications on cross-study comparisons.  
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CHAPTER II 
 

 REVIEW OF THE LITERATURE 
 
 This review of the literature will describe the main areas of research that 

will be addressed in this dissertation. First, the literature pertinent to study one 

will be addressed. The current knowledge on reliably estimating habitual physical 

activity (PA) will be presented along with the limited information regarding reliably 

estimating habitual sedentary behavior (SB). Second, the literature needed to 

explain the importance of measuring PA and SB in a population with 

osteoarthritis (OA) is discussed. This literature is applicable for both study two 

and three, which investigate different questions within a population with OA.    

Reliably Estimating Habitual PA Levels Using Accelerometers 
 
 For studies that examine PA and SB levels of populations and/or health-

behavior relationships, it is important to take into account that there may be 

variability in these behaviors. This variability should be considered during study 

design and analysis to reliably reflect habitual patterns of behavior. lf these 

behaviors are being measured using a wearable device, the variability of these 

behaviors will also have an effect on the number of days that participants should 

wear the device and this in turn will have an effect on the monitor wear protocol. 

The number of days that participants wear the device will affect sample size and 

also the ability to capture differences in activity levels and/or establish health-

behavior relationships (7). Therefore, determining the minimum number of days 

needed to reliably estimate habitual PA and SB is a fundamental methodical 
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issue in activity monitoring because it is not logistically feasible to have 

participants wear activity monitors for weeks or months at a time. 

The body of research examining the number of days needed to reliably 

estimate habitual behavior using accelerometers has focused primarily on the 

measurement of PA. Before the number of days needed to reliably estimate a 

behavior is established, day-to-day variability in this behavior must be 

understood. Patterns and variability of PA behavior in both adults and 

adolescents has been well studied in the literature (25, 26, 51, 94). Matthews et 

al. examined sources of variance in accelerometer-based (Computer Science 

Applications) measures of PA in healthy adults (average age= 45 years) (68). 

They found that day status (e.g., weekend vs. weekday) accounted for a small 

proportion (1-8%) of the variance in PA. The participants performed more 

moderate-to-vigorous activity on Saturdays than Sundays, but this was not 

significant. However, women performed significantly more moderate-to-vigorous 

activity on Saturdays compared to weekdays. There were no significant 

differences in moderate-to-vigorous activity across weekdays. Intra-individual 

variation was found to contribute 30-45% to the overall variance of PA where as 

the majority of the variance (55-65%) was accounted for by inter-individual 

variation. Taking into consideration these sources of variance, Matthews et al. 

determined that at least three to four days of monitoring were necessary to 

achieve 80% reliability in estimates of time spent in moderate-to-vigorous activity 

or total activity counts in adults (68). Similarly, Hart et al. reported three days of 

accelerometer data (ActiGraph (AG) 7164) were needed to achieve 80% 
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Figure 15. Percent of time spent in difference intensities from the AP, 
AG100, and AG150 at baseline 
Data presented as mean ± SE 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline  
* Indicates significantly different than the AP 
# Indicates significantly different than the AG150 
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Figure 16. Relationship between percent of time spent in each activity 
intensity (SB, Light, and MVPA) and the WOMAC for the AP (first column), 
AG100 (second column) and AG150 (third column) 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline  
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CHAPTER VI 

 OVERALL SUMMARY AND CONCLUSIONS  

 The overall goal of this dissertation was to study different aspects of PA 

and SB measurement using wearable sensors to address a significant 

knowledge gap about important measurement challenges confronting this field.    

In study one, we evaluated the variability of SB and determined how many days 

of SB measurement were needed to represent habitual SB. To do this, we 

combined two existing data sets from the Physical Activity and Health 

Laboratory. The combined data set included 62 adults and 34 adolescents who 

wore an AP accelerometer for a seven-day period. The AP collection and data 

processing methods were identical in the two studies. The seven days of AP data 

were used to determine if there were day-to-day differences in SB and the 

number of days that were needed to reliably estimate the seven-day SB 

estimate.  

  In study two, we recognized the need to determine the feasibility of 

assessing PA and SB with wearable sensors in a clinical population and 

extended this feasibility to a longitudinal investigation to determine changes in 

PA and SB over time in patients with progressive knee OA.  The use of the AP to 

measure these behaviors was central to our aims based on its accuracy, 

precision, and ability to measure time spent in different postures 

(sitting/lying,standing/stepping) as well as time spent in different intensities 

(sedentary, light and MVPA) (32, 84). In study two, we collected data to quantify 

changes in objectively measured PA and SB using an AP and AG during the 
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natural progression of OA at baseline (initial clinic visit to treat OA), three, six and 

nine months, and to correlate these PA/SB metrics with patient-reported changes 

in pain and function. Only the changes in AP measured SB/PA were presented 

based on prior findings from our lab that suggest the AP is sensitive in detecting 

changes in SB and the AG is not (55).  

 The use of accelerometers in patients with OA has increased over time 

and this is a positive advancement in the field. However, our third study 

addressed the current concern as to whether or not we can compare PA/SB 

outcomes from studies that use different accelerometers worn at different 

locations on the body. In study three, we used baseline measures from the 

longitudinal study in OA (study two) patients to determine if the AG and AP 

provide comparable estimates of different metrics of PA and SB in a sample of 

patients with OA and to compare the relationships between patient-reported pain 

and function and PA/SB measures from the AP and AG accelerometers.  

 Collectively, study one and three provided novel data to answer important 

measurement questions regarding objectively measured PA and SB in both a 

healthy population (study one) and a clinical population (study three). Study two 

provided evidence that this is a feasible approach to longitudinally quantify 

natural changes in PA/SB as OA progresses. A summary of the main findings 

from each study is described below. 

Study One 
 
 A major finding from study one was that there were small, significant day-

to-day differences in SB in adults who ranged from 18 to 70 years old, but this 
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observation was not observed in adolescents aged 12 to 17 years olds. Our 

findings indicate that a minimum of two and three days is necessary to reliably 

estimate SB in adults and adolescents, respectively.  

Study Two 
 

 In study two, evidence is presented that the percent of time spent 

sedentary and the number of breaks from SB is stable during the natural 

progression of knee OA over three, six, and nine-months. However, there were 

significant declines in all activity variables with the exception of percent of time 

spent standing. The relationships found between all PA/SB metrics and 

pain/physical function at all time-points were weak or non-existent.  

Study Three 
 
 Data from study three indicated that there were differences in estimates of 

SB metrics (% of time spent sedentary and breaks per day) among the AP, 

AG100, and AG150. In addition there were significant differences between the 

AP and the AG150 when data were presented as % of time spent in light and 

MVPA, and steps per day. However, no differences were found for guideline 

minutes and guideline bouts between the AP and AG. According to the AP, 15 

participants in our current study increased SB by 5% from baseline to three 

months, but only nine and seven participants increased SB according to the 

AG100 and AG150, respectively. The AP recorded an average change in SB 

from baseline to three months of 6% whereas the AG100 and AG150 recorded 

an average change of 0%. The last major finding was that there were no 
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significant relationships between accelerometer measured PA and SB at 

baseline with patient-reported pain and function for the AP, AG100 and AG150.  

Strengths 
 
 All three dissertation studies utilized the AP to measure SB and PA. In 

study one, the AP was used to determine the number of days necessary to 

reliably estimate habitual SB. In the second and third studies, the AP was used to 

evaluate PA and SB metrics in participants with OA. The use of the AP as the 

objective tool to estimate SB is a strength in all three studies, as it is an accurate 

and precise measure of SB and this behavior is important to evaluate in both 

healthy and clinical populations. The use of the AP was particularly important for 

study two as it has been shown to be sensitive enough to detect changes in 

SB (55), which was essential to the aims of the study. Collecting data 

longitudinally in patients with OA was a strength of our study design as it allowed 

for the characteristics of natural changes in PA and SB to be objectively 

quantified in OA patients undergoing conservative, non-surgical treatments. We 

had participants with OA wear both the AP and AG at baseline; therefore, we 

were also able to answer a specific measurement question in this sample that 

addressed concerns regarding whether outcome measures from these devices 

are comparable.  

Limitations 
 
 A limitation that extends to all three studies is that we were constrained by 

our wearable monitor inclusion criteria. In study one, we only included 

participants who had seven consecutive days of monitor wear. In study two, only 
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participants who had valid wear data at all four time points were included in 

analyses. Study three only included participants who had valid wear for all both 

the AP and AG at baseline. Another limitation is that our samples across all three 

studies were limited in diversity. In study one 75% of the sample and in study two 

and three 100% of the sample with OA were Caucasian. Future studies will 

benefit from including a more diverse population. Lastly, a limitation to the third 

study was that while the AP represents a criterion measure of SB, we did not 

have a criterion measure for the activity variables. 

Significance and Future Directions 
 

 Study one from this dissertation provided critical evidence in 

understanding how many days are necessary to reliably estimate habitual SB in 

both adults and adolescents using an accurate and precise measure of SB. The 

results of this study added to the paucity of data in the activity and sedentary 

behavior measurement field and builds upon the limitations of the few studies 

that have been conducted in this area by: 1) Focusing on a more diverse 

participant sample (e.g., broad ages, BMI, and activity level), 2) Utilizing an 

accurate and precise measure of SB that is increasingly being used in studies to 

measure SB, and 3) Accounting for wear time presenting metrics as percent of 

wear time. The findings from this study suggest that two and three days are 

necessary to provide reasonable estimates of SB from seven-days of monitor 

wear in adults and adolescents, respectively. Requiring only two or three days of 

data to estimate habitual SB reduces participant burden and allows researchers 

to include more participants in studies requiring SB measurement. This is also 
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significant because it provides evidence of an advantage to using an accurate 

and precise measure of SB rather than a method such as self-report. Self-report 

tools for measuring SB have been shown to have high variability and limited 

agreement with criterion measures and are not recommended for use in 

longitudinal or intervention studies that need to assess change in SB 

overtime (43). Therefore, only needing two to three days of data from an 

accurate and precise tool for measuring SB makes this measurement method 

appealing for clinical and academic researchers.  

 Data from this study also suggested that SB is significantly different on 

weekend days compared to weekdays in overweight/obese individuals, but not in 

normal weight individuals. This is significant as it suggests that including a 

weekend day may be important if the particular study sample includes 

overweight/obese individuals. We also found that in our adolescent sample, the 

variability throughout the week was higher in those who were in school compared 

to those not in school. Although there were no significant day-to-day differences 

even in those individuals not in school, we only had 11 participants who were not 

in school during our study period. Therefore, this warrants further investigation. In 

addition, future studies should examine the influence of other participant 

characteristics such as employment status, number of hours worked, and race on 

SB variability. 

 Data from study two added new information to the limited number of 

studies on objective measures of PA and SB in patients with OA. While more 

research groups are recognizing the importance of establishing objective 
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measures of these behaviors in clinical populations, the longitudinal study design 

in our current study improved and standardized procedures for these objective 

measures of SB and PA and determined how these behaviors change as the 

disease naturally progresses. We found that SB remains stable over a 9-month 

time period in adults with OA. However, there are declines in PA over this same 

time period. Data suggest that maintaining a physically active lifestyle is 

important to manage symptoms of OA (13). Therefore, our study results suggest 

that PA should be a specific target of interventions in individuals who are being 

non-surgically treated for OA. These data can also be used to aid in the 

development of appropriate PA and SB guidelines in this population as our 

results provide information on the current activity level exposure in individuals 

with OA.  

 Future studies in this area should focus on a larger, more diverse sample 

size that includes individuals receiving non-surgical and surgical interventions to 

compare the patterns of behavior among different stages of this progressive 

disease.  This will also add to our understanding of whether PA/SB metrics from 

these devices can improve our understanding of their diagnostic value for 

evaluating effectiveness of different treatment modalities in patients with OA or 

other diseases and conditions where quantification of movement is relevant for 

clinical purposes. Lastly, future studies should determine how PA/SB from the AP 

are related to momentary symptoms of OA. Our patient reported outcomes were 

assessed at one time-point at the beginning of the week. Future studies should 

examine how within day patient reported pain/function is related to PA/SB 
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metrics from the AP. Momentary fatigue has been shown to be associated with 

decreased PA in patients with OA (75). 

 Study three results have significant implications regarding objectively 

measured PA and SB in adults with OA. First, our data suggest we have to be 

cautious in our comparisons of activity levels across studies that use different 

monitors especially in terms of SB measurement. Second, our data also suggest 

that comparing data across studies in PA guideline bout minutes and number of 

guideline bouts are possible even if different monitors are used to assess PA. 

This is significant because these two measures are important from a public 

health perspective to quantify achievement of activity dose associated with 

health. Third, our data are in agreement with other studies that found the AG is 

not an appropriate tool to measures changes in SB. This is vital information for 

studies that use the AG to estimate pre and post SB for an intervention designed 

to change this behavior. If the AG is the tool of choice, it is possible that the 

intervention may have decreased SB, but the AG data would not be sensitive 

enough to detect the impact of the intervention. However, while the AP is 

considered as a criterion measure of SB, future studies should include a criterion 

measure for PA to determine which monitor was more accurate in capturing 

activities levels. Future studies should determine if SB/PA metrics from different 

devices can discriminate between those with OA and healthy controls. Our 

current study sample was being conservatively treated (e.g. physical therapy) 

rather than being surgically treated for OA. Future studies should determine if 

these PA/SB metrics from these devices can be used pre/post surgical 
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intervention to determine success of treatment (e.g., increases in PA/decreases 

in SB) and/or discriminate among different stages of the disease.  

 In conclusion, the work conducted for this dissertation advances the field 

of PA and SB measurement using wearable devices. The results from the first 

study provided evidence that when using an accurate and precise measurement 

tool to measure SB, only two to three days rather than the commonly used 

seven-day monitoring period are needed to reliably estimate SB. This finding will 

help future studies by reducing participant burden allowing researchers to collect 

sufficient data that can ultimately lead to the creation of guideline 

recommendations for SB. Collectively, data from the second and third study set a 

standard for how PA and SB metrics should be measured in clinical populations. 

The characterization of these behaviors should provide more detail than just time 

spent in different intensities and should include metrics such as guideline 

minutes and breaks from sedentary time, both of which have been linked to 

health outcomes in the literature (44, 45). While this dissertation focused on a 

population with OA, over time, there will be an increased interest in measuring 

these behaviors in other clinical populations. The results from the studies in our 

OA patients pave the way for these future studies. With the increased utilization 

of these devices, based on results from study two, it will be important to 

standardize reporting from these devices so that data in the literature are 

comparable. Researchers may also benefit from a standardized monitoring 

protocol that can be used in such studies. The results from study three 

demonstrate that it is feasible to measure PA/SB metrics over time to determine 
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specific targets for future interventions. While we did not find any evidence of a 

relationship between patient-reported pain and function and PA/SB metrics, it will 

be important for future studies in different clinical populations to determine if 

these metrics can provide an objective functional outcome measure to determine 

effectiveness of different treatments. PA/SB metrics from wearable devices may 

ultimately become a best practices outcome measure in future comparative 

effectiveness trials. 
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APPENDIX A 

 AMENDMENTS TO ORIGINAL DISSERTATION PROPOSAL 
 

 The original third study for this dissertation was entitled “Effects of 

angioplasty intervention on physical activity and sedentary behavior in patients 

with peripheral artery disease”. This third project would have been an application 

of wearable devices to measure in an additional clinical population. 

The primary goal of the proposed project was to evaluate objectively measured 

free-living PA and SB in patients with peripheral artery disease (PAD) before and 

after angioplasty with potential insertion of an arterial stent to increase lower 

extremity blood flow. This would help to determine how effectively this commonly 

used PAD intervention impacts free-living PA and SB. Ten patients with 

claudication were going to be recruited from the Vascular Surgery Clinic at the 

UMass Memorial Medical Center. Participants were going to wear an AP 

accelerometer to estimate PA and SB levels for 7-days at baseline, 14-days after 

angioplasty, and 7-days one-month post-angioplasty. Patients were going to also 

report on their quality of life and perform a six-minute walk test. This would allow 

for examining the relationship between self-reported quality of life and free-living 

activity and how that compares to the relationship between self-reported quality 

of life and a laboratory test of functional capacity (six minute walk test). However, 

despite the help we had recruiting patients via the UMass Memorial Medical 

Center, we encountered recruitment challenges early in this project.  

 While we were able to recruit one participant very quickly and obtain the 

patient’s data seamlessly; this was not the case for the next participants. There 
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was a gap of 3.5 months between the first and second participant recruitment. 

Several factors contributed to the slow initial enrollment. The main contributor 

was an influx of clinic patients presenting with tissue loss in addition to their 

claudication. The tissue loss deemed them ineligible to participate in our study. 

There were a few other interested participants who were consented but also 

deemed ineligible based on findings from their angiogram.  

 Due to the fact each participant would be enrolled in the study for a total of 

28 days, it was determined that it would not be feasible to complete this 

dissertation in a timely manner. This third study was, therefore, supplemented by 

answering additional research questions from the study longitudinal study that 

was conducted in patients with OA. Each committee member approved this 

decision in a meeting on May 2, 2016.  
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APPENDIX B 

SUPPLEMENTAL FIGURES FOR STUDY TWO 
 

 
 
 
Relationship between percent of time spent sedentary and the WOMAC score at 
each timepoint  
Data includes 36 participants with valid data for all four time-points  
 

 
 
Relationship between breaks per day and the WOMAC score at each timepoint  
Data includes 36 participants with valid data for all four time-points  
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Relationship between percent of time spent in light activity and the WOMAC score 
at each timepoint  
Data includes 36 participants with valid data for all four time-points  
 
 

 
 
Relationship between percent of time spent in MVPA and the WOMAC score at 
each timepoint  
Data includes 36 participants with valid data for all four time-points  
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Relationship between percent of time spent stepping and the WOMAC score at 
each timepoint  
Data includes 36 participants with valid data for all four time-points  
 
 

 
Relationship between steps per day and the WOMAC score at each timepoint  
Data includes 36 participants with valid data for all four time-points  
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Relationship between time spent in guideline minutes and the WOMAC score at 
each timepoint  
Data includes 36 participants with valid data for all four time-points  
 
 

 
 
Relationship between total number of guideline bouts and the WOMAC score at 
each timepoint  
Data includes 36 participants with valid data for all four time-points 
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APPENDIX C 

SUPPLEMENTAL FIGURES FOR STUDY THREE 
 
 
 

 
 
Relationship between total steps per day and the WOMAC for the AP (first 
column), AG100 (second column) and AG150 (third column) 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline  
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Relationship between total time in guideline minutes and the WOMAC for 
the AP (first column), AG100 (second column) and AG150 (third column) 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline  
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Relationship between total number of guideline bouts and the WOMAC for 
the AP (first column), AG100 (second column) and AG150 (third column) 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline  
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Relationship between breaks per day from sedentary time and the WOMAC 
for the AP (first column), AG100 (second column) and AG150 (third column) 
Notes: AG100 refers to results when using ActiGraph count cut-point 100 for SB, 
AG150 refers to results when using ActiGraph count cut-point 150 for SB 
Data includes 33 participants with valid data for all measures at baseline



    106 

REFERENCES 
 

1. Physical Activity Guidelines Advisory Committee report, 2008. To the Secretary 
of Health and Human Services. Part A: executive summary. Nutrition reviews. 
2009;67(2):114-20. 

2. Adams SA, Matthews CE, Ebbeling CB et al. The effect of social desirability and 
social approval on self-reports of physical activity. American journal of 
epidemiology. 2005;161(4):389-98. 

3. Altman RD, Bloch DA, Dougados M et al. Measurement of structural progression 
in osteoarthritis of the hip: the Barcelona consensus group. Osteoarthritis and 
cartilage / OARS, Osteoarthritis Research Society. 2004;12(7):515-24. 

4. Alviar MJ, Olver J, Brand C et al. Do patient-reported outcome measures in hip 
and knee arthroplasty rehabilitation have robust measurement attributes? A 
systematic review. J Rehabil Med. 2011;43(7):572-83. 

5. Barrios JA, Crenshaw JR, Royer TD, Davis IS. Walking shoes and laterally 
wedged orthoses in the clinical management of medial tibiofemoral osteoarthritis: 
a one-year prospective controlled trial. Knee. 2009;16(2):136-42. 

6. Basterfield L, Adamson AJ, Pearce MS, Reilly JJ. Stability of habitual physical 
activity and sedentary behavior monitoring by accelerometry in 6- to 8-year-olds. 
Journal of physical activity & health. 2011;8(4):543-7. 

7. Beaton GH. Approaches to analysis of dietary data: relationship between 
planned analyses and choice of methodology. Am J Clin Nutr. 1994;59(1 
Suppl):253S-61S. 

8. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study 
of WOMAC: a health status instrument for measuring clinically important patient 
relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of 
the hip or knee. J Rheumatol. 1988;15(12):1833-40. 

9. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an update with relevance 
for clinical practice. Lancet. 2011;377(9783):2115-26. 

10. Bolszak S, Casartelli NC, Impellizzeri FM, Maffiuletti NA. Validity and 
reproducibility of the Physical Activity Scale for the Elderly (PASE) questionnaire 
for the measurement of the physical activity level in patients after total knee 
arthroplasty. BMC musculoskeletal disorders. 2014;15:46. 

11. Brandes M, Ringling M, Winter C, Hillmann A, Rosenbaum D. Changes in 
physical activity and health-related quality of life during the first year after total 
knee arthroplasty. Arthritis care & research. 2011;63(3):328-34. 

12. Celis-Morales CA, Perez-Bravo F, Ibanez L, Salas C, Bailey ME, Gill JM. 
Objective vs. self-reported physical activity and sedentary time: effects of 
measurement method on relationships with risk biomarkers. PloS one. 
2012;7(5):e36345. 

13. Chmelo E, Nicklas B, Davis C, Miller GD, Legault C, Messier S. Physical activity 
and physical function in older adults with knee osteoarthritis. Journal of physical 
activity & health. 2013;10(6):777-83. 



    107 

14. Coleman KJ, Epstein LH. Application of generalizability theory to measurement 
of activity in males who are not regularly active: a preliminary report. Res Q 
Exerc Sport. 1998;69(1):58-63. 

15. de Groot IB, Bussmann HJ, Stam HJ, Verhaar JA. Small increase of actual 
physical activity 6 months after total hip or knee arthroplasty. Clinical 
orthopaedics and related research. 2008;466(9):2201-8. 

16. Donaldson SC, Montoye AH, Tuttle MS, Kaminsky LA. Variability of Objectively 
Measured Sedentary Behavior. Medicine and science in sports and exercise. 
2016;48(4):755-61. 

17. Druss BG, Marcus SC, Olfson M, Pincus HA. The most expensive medical 
conditions in America. Health affairs. 2002;21(4):105-11. 

18. Dumith SC, Gigante DP, Domingues MR, Kohl HW, 3rd. Physical activity change 
during adolescence: a systematic review and a pooled analysis. Int J Epidemiol. 
2011;40(3):685-98. 

19. Dunlop DD, Song J, Semanik PA et al. Objective physical activity measurement 
in the osteoarthritis initiative: Are guidelines being met? Arthritis and rheumatism. 
2011;63(11):3372-82. 

20. Dunlop DD, Song J, Semanik PA, Sharma L, Chang RW. Physical activity levels 
and functional performance in the osteoarthritis initiative: a graded relationship. 
Arthritis and rheumatism. 2011;63(1):127-36. 

21. Dunstan DW, Howard B, Healy GN, Owen N. Too much sitting--a health hazard. 
Diabetes research and clinical practice. 2012;97(3):368-76. 

22. Dwyer-Lindgren L, Freedman G, Engell RE et al. Prevalence of physical activity 
and obesity in US counties, 2001-2011: a road map for action. Population health 
metrics. 2013;11:7. 

23. Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY. Health-related 
quality of life in total hip and total knee arthroplasty. A qualitative and systematic 
review of the literature. The Journal of bone and joint surgery. American volume. 
2004;86-A(5):963-74. 

24. Ettinger WH, Jr., Burns R, Messier SP et al. A randomized trial comparing 
aerobic exercise and resistance exercise with a health education program in 
older adults with knee osteoarthritis. The Fitness Arthritis and Seniors Trial 
(FAST). Jama. 1997;277(1):25-31. 

25. Evenson KR, Wen F, Hales D, Herring AH. National youth sedentary behavior 
and physical activity daily patterns using latent class analysis applied to 
accelerometry. The international journal of behavioral nutrition and physical 
activity. 2016;13(1):55. 

26. Evenson KR, Wen F, Metzger JS, Herring AH. Physical activity and sedentary 
behavior patterns using accelerometry from a national sample of United States 
adults. The international journal of behavioral nutrition and physical activity. 
2015;12:20. 

27. Farr JN, Going SB, Lohman TG et al. Physical activity levels in patients with early 
knee osteoarthritis measured by accelerometry. Arthritis and rheumatism. 
2008;59(9):1229-36. 



    108 

28. Fontaine KR, Heo M, Bathon J. Are US adults with arthritis meeting public health 
recommendations for physical activity? Arthritis and rheumatism. 2004;50(2):624-
8. 

29. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and 
Applications, Inc. accelerometer. Medicine and science in sports and exercise. 
1998;30(5):777-81. 

30. Gardiner PA, Eakin EG, Healy GN, Owen N. Feasibility of reducing older adults' 
sedentary time. American journal of preventive medicine. 2011;41(2):174-7. 

31. Gennuso KP, Gangnon RE, Matthews CE, Thraen-Borowski KM, Colbert LH. 
Sedentary behavior, physical activity, and markers of health in older adults. 
Medicine and science in sports and exercise. 2013;45(8):1493-500. 

32. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel activity 
monitor in the measurement of posture and motion during everyday activities. 
British journal of sports medicine. 2006;40(12):992-7. 

33. Gretebeck RJ, Montoye HJ. Variability of some objective measures of physical 
activity. Medicine and science in sports and exercise. 1992;24(10):1167-72. 

34. Hamilton MT, Hamilton DG, Zderic TW. Exercise physiology versus inactivity 
physiology: an essential concept for understanding lipoprotein lipase regulation. 
Exercise and sport sciences reviews. 2004;32(4):161-6. 

35. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too Little Exercise 
and Too Much Sitting: Inactivity Physiology and the Need for New 
Recommendations on Sedentary Behavior. Current cardiovascular risk reports. 
2008;2(4):292-8. 

36. Hannan MT, Felson DT, Pincus T. Analysis of the discordance between 
radiographic changes and knee pain in osteoarthritis of the knee. J Rheumatol. 
2000;27(6):1513-7. 

37. Harding P, Holland AE, Delany C, Hinman RS. Do activity levels increase after 
total hip and knee arthroplasty? Clinical orthopaedics and related research. 
2014;472(5):1502-11. 

38. Harrington DM, Dowd KP, Bourke AK, Donnelly AE. Cross-sectional analysis of 
levels and patterns of objectively measured sedentary time in adolescent 
females. The international journal of behavioral nutrition and physical activity. 
2011;8:120. 

39. Harrington DM, Welk GJ, Donnelly AE. Validation of MET estimates and step 
measurement using the ActivPAL physical activity logger. J Sports Sci. 
2011;29(6):627-33. 

40. Hart TL, Ainsworth BE, Tudor-Locke C. Objective and subjective measures of 
sedentary behavior and physical activity. Medicine and science in sports and 
exercise. 2011;43(3):449-56. 

41. Hart TL, Swartz AM, Cashin SE, Strath SJ. How many days of monitoring predict 
physical activity and sedentary behaviour in older adults? The international 
journal of behavioral nutrition and physical activity. 2011;8:62. 

42. Haskell WL. Physical activity by self-report: a brief history and future issues. 
Journal of physical activity & health. 2012;9 Suppl 1:S5-10. 



    109 

43. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE. 
Measurement of adults' sedentary time in population-based studies. American 
journal of preventive medicine. 2011;41(2):216-27. 

44. Healy GN, Dunstan DW, Salmon J et al. Breaks in sedentary time: beneficial 
associations with metabolic risk. Diabetes care. 2008;31(4):661-6. 

45. Healy GN, Wijndaele K, Dunstan DW et al. Objectively measured sedentary time, 
physical activity, and metabolic risk: the Australian Diabetes, Obesity and 
Lifestyle Study (AusDiab). Diabetes care. 2008;31(2):369-71. 

46. Helmerhorst HJ, Brage S, Warren J, Besson H, Ekelund U. A systematic review 
of reliability and objective criterion-related validity of physical activity 
questionnaires. The international journal of behavioral nutrition and physical 
activity. 2012;9:103. 

47. Hildebrand M, VT VANH, Hansen BH, Ekelund U. Age group comparability of 
raw accelerometer output from wrist- and hip-worn monitors. Medicine and 
science in sports and exercise. 2014;46(9):1816-24. 

48. Hootman JM, Helmick CG. Projections of US prevalence of arthritis and 
associated activity limitations. Arthritis and rheumatism. 2006;54(1):226-9. 

49. Hunter DJ, Guermazi A. Imaging techniques in osteoarthritis. PM R. 2012;4(5 
Suppl):S68-74. 

50. Irwin ML, Ainsworth BE, Conway JM. Estimation of energy expenditure from 
physical activity measures: determinants of accuracy. Obesity research. 
2001;9(9):517-25. 

51. Jago R, Anderson CB, Baranowski T, Watson K. Adolescent patterns of physical 
activity differences by gender, day, and time of day. American journal of 
preventive medicine. 2005;28(5):447-52. 

52. Janz KF, Witt J, Mahoney LT. The stability of children's physical activity as 
measured by accelerometry and self-report. Medicine and science in sports and 
exercise. 1995;27(9):1326-32. 

53. Kozey Keadle S, Lyden K, Hickey A et al. Validation of a previous day recall for 
measuring the location and purpose of active and sedentary behaviors compared 
to direct observation. The international journal of behavioral nutrition and physical 
activity. 2014;11:12. 

54. Kozey Keadle S, Lyden K, Staudenmayer J et al. The independent and combined 
effects of exercise training and reducing sedentary behavior on cardiometabolic 
risk factors. Applied physiology, nutrition, and metabolism = Physiologie 
appliquee, nutrition et metabolisme. 2014;39(7):770-80. 

55. Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation 
of wearable monitors for assessing sedentary behavior. Medicine and science in 
sports and exercise. 2011;43(8):1561-7. 

56. Kozey-Keadle S, Libertine A, Staudenmayer J, Freedson P. The Feasibility of 
Reducing and Measuring Sedentary Time among Overweight, Non-Exercising 
Office Workers. Journal of obesity. 2012;2012:282303. 

57. Kwok WY, Vliet Vlieland TP, Rosendaal FR, Huizinga TW, Kloppenburg M. 
Limitations in daily activities are the major determinant of reduced health-related 



    110 

quality of life in patients with hand osteoarthritis. Annals of the rheumatic 
diseases. 2011;70(2):334-6. 

58. Lawrence RC, Felson DT, Helmick CG et al. Estimates of the prevalence of 
arthritis and other rheumatic conditions in the United States. Part II. Arthritis and 
rheumatism. 2008;58(1):26-35. 

59. Lee J, Chang RW, Ehrlich-Jones L et al. Sedentary behavior and physical 
function: Objective Evidence from the Osteoarthritis Initiative. Arthritis care & 
research. 2014. 

60. Lee J, Chang RW, Ehrlich-Jones L et al. Sedentary behavior and physical 
function: objective evidence from the Osteoarthritis Initiative. Arthritis care & 
research. 2015;67(3):366-73. 

61. Liu SH, Driban JB, Eaton CB, McAlindon TE, Harrold LR, Lapane KL. Objectively 
Measured Physical Activity and Symptoms Change in Knee Osteoarthritis. Am J 
Med. 2016;129(5):497-505 e1. 

62. Lotz M, Martel-Pelletier J, Christiansen C et al. Value of biomarkers in 
osteoarthritis: current status and perspectives. Annals of the rheumatic diseases. 
2013;72(11):1756-63. 

63. Lutzner C, Kirschner S, Lutzner J. Patient activity after TKA depends on patient-
specific parameters. Clinical orthopaedics and related research. 
2014;472(12):3933-40. 

64. Lyden K, Kozey Keadle SL, Staudenmayer JW, Freedson PS. Validity of two 
wearable monitors to estimate breaks from sedentary time. Medicine and science 
in sports and exercise. 2012;44(11):2243-52. 

65. Marmon AR, Zeni JA, Jr., Snyder-Mackler L. Perception and presentation of 
function in patients with unilateral versus bilateral knee osteoarthritis. Arthritis 
care & research. 2013;65(3):406-13. 

66. Marshall S, Kerr J, Carlson J et al. Patterns of Weekday and Weekend 
Sedentary Behavior Among Older Adults. J Aging Phys Act. 2015;23(4):534-41. 

67. Martin A, McNeill M, Penpraze V et al. Objective measurement of habitual 
sedentary behavior in pre-school children: comparison of activPAL With 
Actigraph monitors. Pediatr Exerc Sci. 2011;23(4):468-76. 

68. Matthews CE, Ainsworth BE, Thompson RW, Bassett DR, Jr. Sources of 
variance in daily physical activity levels as measured by an accelerometer. 
Medicine and science in sports and exercise. 2002;34(8):1376-81. 

69. Matthews CE, Chen KY, Freedson PS et al. Amount of time spent in sedentary 
behaviors in the United States, 2003-2004. American journal of epidemiology. 
2008;167(7):875-81. 

70. Matthews CE, Hebert JR, Freedson PS et al. Sources of variance in daily 
physical activity levels in the seasonal variation of blood cholesterol study. 
American journal of epidemiology. 2001;153(10):987-95. 

71. Matthews CE, Keadle SK, Sampson J et al. Validation of a previous-day recall 
measure of active and sedentary behaviors. Medicine and science in sports and 
exercise. 2013;45(8):1629-38. 



    111 

72. McAuley E. Self-efficacy and the maintenance of exercise participation in older 
adults. J Behav Med. 1993;16(1):103-13. 

73. McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 
2012;22(3):276-82. 

74. Michael JW, Schluter-Brust KU, Eysel P. The epidemiology, etiology, diagnosis, 
and treatment of osteoarthritis of the knee. Dtsch Arztebl Int. 2010;107(9):152-
62. 

75. Murphy SL, Alexander NB, Levoska M, Smith DM. Relationship between fatigue 
and subsequent physical activity among older adults with symptomatic 
osteoarthritis. Arthritis care & research. 2013;65(10):1617-24. 

76. Myers AM, Holliday PJ, Harvey KA, Hutchinson KS. Functional performance 
measures: are they superior to self-assessments? J Gerontol. 1993;48(5):M196-
206. 

77. Nelson AE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review 
of recommendations and guidelines for the management of osteoarthritis: The 
chronic osteoarthritis management initiative of the U.S. bone and joint initiative. 
Seminars in arthritis and rheumatism. 2014;43(6):701-12. 

78. Penninx BW, Messier SP, Rejeski WJ et al. Physical exercise and the prevention 
of disability in activities of daily living in older persons with osteoarthritis. Archives 
of internal medicine. 2001;161(19):2309-16. 

79. Penninx BW, Rejeski WJ, Pandya J et al. Exercise and depressive symptoms: a 
comparison of aerobic and resistance exercise effects on emotional and physical 
function in older persons with high and low depressive symptomatology. The 
journals of gerontology. Series B, Psychological sciences and social sciences. 
2002;57(2):P124-32. 

80. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A 
comparison of direct versus self-report measures for assessing physical activity 
in adults: a systematic review. The international journal of behavioral nutrition 
and physical activity. 2008;5:56. 

81. Rastogi R, Davis AM, Chesworth BM. A cross-sectional look at patient concerns 
in the first six weeks following primary total knee arthroplasty. Health Qual Life 
Outcomes. 2007;5:48. 

82. Robertsson O, Dunbar MJ. Patient satisfaction compared with general health and 
disease-specific questionnaires in knee arthroplasty patients. J Arthroplasty. 
2001;16(4):476-82. 

83. Rousseau J, Garnero P. Biological markers in osteoarthritis. Bone. 
2012;51(2):265-77. 

84. Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and reliability of a novel 
activity monitor as a measure of walking. British journal of sports medicine. 
2006;40(9):779-84. 

85. Semanik PA, Lee J, Song J et al. Accelerometer-monitored sedentary behavior 
and observed physical function loss. Am J Public Health. 2015;105(3):560-6. 



    112 

86. Shih M, Hootman JM, Kruger J, Helmick CG. Physical activity in men and women 
with arthritis National Health Interview Survey, 2002. American journal of 
preventive medicine. 2006;30(5):385-93. 

87. Singh G, Miller JD, Lee FH, Pettitt D, Russell MW. Prevalence of cardiovascular 
disease risk factors among US adults with self-reported osteoarthritis: data from 
the Third National Health and Nutrition Examination Survey. The American 
journal of managed care. 2002;8(15 Suppl):S383-91. 

88. Smith L, Hamer M, Ucci M et al. Weekday and weekend patterns of objectively 
measured sitting, standing, and stepping in a sample of office-based workers: the 
active buildings study. BMC public health. 2015;15:9. 

89. Sohn MW, Manheim LM, Chang RW et al. Sedentary behavior and blood 
pressure control among osteoarthritis initiative participants. Osteoarthritis and 
cartilage / OARS, Osteoarthritis Research Society. 2014;22(9):1234-40. 

90. Song J, Lindquist LA, Chang RW et al. Sedentary Behavior as a Risk Factor for 
Physical Frailty Independent of Moderate Activity: Results From the 
Osteoarthritis Initiative. Am J Public Health. 2015;105(7):1439-45. 

91. Stalesen J, Vik FN, Hansen BH, Berntsen S. Comparison of three activity 
monitors for estimating sedentary time among children. BMC Sports Sci Med 
Rehabil. 2016;8:2. 

92. T. B. Validity and Reliability of Self-Report Measures of Physical Activity: An 
Information-Processing Perspective. Research Quarterly for Exercise and Sport. 
1988;59(4):314-27. 

93. Tonelli SM, Rakel BA, Cooper NA, Angstom WL, Sluka KA. Women with knee 
osteoarthritis have more pain and poorer function than men, but similar physical 
activity prior to total knee replacement. Biol Sex Differ. 2011;2:12. 

94. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical 
activity in the United States measured by accelerometer. Medicine and science in 
sports and exercise. 2008;40(1):181-8. 

95. Troiano RP, McClain JJ, Brychta RJ, Chen KY. Evolution of accelerometer 
methods for physical activity research. British journal of sports medicine. 
2014;48(13):1019-23. 

96. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objective physical 
activity measures with youth: how many days of monitoring are needed? 
Medicine and science in sports and exercise. 2000;32(2):426-31. 

97. Tudor-Locke C, Burkett L, Reis JP, Ainsworth BE, Macera CA, Wilson DK. How 
many days of pedometer monitoring predict weekly physical activity in adults? 
Preventive medicine. 2005;40(3):293-8. 

98. Van Cauwenberg J, Van Holle V, De Bourdeaudhuij I, Owen N, Deforche B. 
Older adults' reporting of specific sedentary behaviors: validity and reliability. 
BMC public health. 2014;14:734. 

99. van Weely SF, van Denderen JC, Steultjens MP et al. Moving instead of asking? 
Performance-based tests and BASFI-questionnaire measure different aspects of 
physical function in ankylosing spondylitis. Arthritis Res Ther. 2012;14(2):R52. 



    113 

100. Visser M, Koster A. Development of a questionnaire to assess sedentary time in 
older persons--a comparative study using accelerometry. BMC Geriatr. 
2013;13:80. 

101. Walker DJ, Heslop PS, Chandler C, Pinder IM. Measured ambulation and self-
reported health status following total joint replacement for the osteoarthritic knee. 
Rheumatology (Oxford, England). 2002;41(7):755-8. 

102. Yelin E. Cost of musculoskeletal diseases: impact of work disability and 
functional decline. The Journal of rheumatology. Supplement. 2003;68:8-11. 

 


