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Abstract

Objective—Investigate the relationship between sedentary behavior and physical function in
adults with knee osteoarthritis (OA), controlling for moderate-vigorous physical activity () levels.

Methods—Sedentary behavior was objectively measured by accelerometer on 1,168 participants
in the Osteoarthritis Initiative aged 49-83 years with radiographic knee OA at the 48 month clinic
visit. Physical function was assessed using 20-meter walk and chair stand testing. Sedentary
behavior was identified by accelerometer activity counts/minute <100. The cross-sectional
association between sedentary quartiles and physical function was examined by multiple linear
regression adjusting for demographic factors (age, sex, race/ethnicity, education level), health
factors (comorbidity, body mass index, knee pain, knee OA severity, presence of knee symptoms)
and average daily MVPA minutes.

Results—Adults with knee OA spent 2/3 their daily time in sedentary behavior. The average gait
speed among the most sedentary quartile was 3.88 feet/second, which was significantly slower
than the speed of the less sedentary groups (4.23, 4.33, 4.33 feet/second, respectively). The
average chair stand rate among the most sedentary group was significantly lower (25.9 stands/
minute) than the rates of the less sedentary behavior groups (28.9, 29.1, 31.1 stands/minute,
respectively). These trends remained significant in multivariable analyses adjusted for
demographic factors, health factors and average daily MVVPA minutes.

Conclusion—Being less sedentary was related to better physical function in adults with knee
OA independent of MVPA time. These findings support guidelines to encourage adults with knee
OA to decrease time spent in sedentary behavior in order to improve physical function.

Corresponding Author:, Jungwha Lee, PhD, MPH, Department of Preventive Medicine, Feinberg School of Medicine, Northwestern
University, 680 N Lake Shore Drive, Suite 1400, Chicago, IL 60611, Phone: (312) 503-2292, Fax: (312) 908-9588, jungwha-
lee@northwestern.edu.
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INTRODUCTION

Osteoarthritis (OA) affects an estimated 12.1% of the US adult population?, being one of the
most common forms of arthritis? and a leading cause of disability in the elderly3. Disability
due to arthritis is associated with an extremely high economic burden, increased risk of
hospitalization, institutionalization, and mortality.4~8 While osteoarthritis can occur in any
joint, the knee is the most common site of clinically significant involvement, and knee OA
affects more than 9 million US adults.

Maintaining physical function is critical to independent community living for persons with
knee OA.”8 In general, participation in regular physical activity confers many health
benefits, including reduced risk of heart disease, hypertension, stroke, dyslipidemia, obesity,
diabetes, osteoporosis, certain cancers, and all-cause mortality.®-12 Physical activity has also
been shown to be associated with improved physical function,13-15

Current physical activity interventions to improve health outcomes have largely focused on
increasing physical activity, but have paid little attention to sedentary behavior. Sedentary
behavior is defined as engaging in activities at the resting level of energy expenditure and
includes activities such as sleeping, sitting, lying down, playing on the computer, and
watching television8. Prolonged sedentary time has been associated with increased risk of
many diseases and conditions including obesity, metabolic syndrome, type 2 diabetes, and
insulin resistance.17:18 A recent study reported a relationship between sedentary behavior
and functional loss, but relied on self-reported physical activity, which can be subject to
bias.19 This relationship has yet to be demonstrated from objectively measured outcomes.
Self-reported sedentary time from questionnaires are easy to administer and inexpensive, but
are subject to response bias such as imprecise recall and influence of social desirability.20
The advantages to objectively measured sedentary time by accelerometers are 1) not subject
to desirability bias, and 2) due to technological advances (e.g. device smaller, lighter, and
less expensive), easy to measure without subject burden (compared to self-report diaries).
The strength of the relationship between sedentary behavior (or physical activity) and health
outcomes in population-based studies is reliant on accurate measurement of activity
behavior. Poor methods increase chances of misclassification and can mask or distort the
true underlying relationship between physical activity and health.21.22

The purpose of our study was therefore to objectively quantify time spent in sedentary
behavior as well as levels of physical activity from accelerometer monitoring and examine
its relationship with measures from physical function tests in adults with radiographic knee
OA. Our study used data from the accelerometer substudy of the Osteoarthritis Initiative
(OAl).

SUBJECTS AND METHODS

Study Design and Participants

Participants were a subcohort from the Osteoarthritis Initiative (OAI), which recruited adults
with or at high risk for developing knee osteoarthritis. The OAI longitudinal study enrolled
4,796 men and women aged 45-79 years at 4 clinical sites (Baltimore, Maryland, Columbus,
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Ohio, Pittshurgh, Pennsylvania, and Pawtucket, Rhode Island) between 2004 and 2006.
Institutional Review Board (IRB) approval was obtained at each of the participating sites.
Each participant provided written informed consent. Adults eligible for the OAI were either
required to have symptomatic osteoarthritis in at least one knee (a definite tibiofemoral
osteophyte [osteophyte grade = 1] and pain, aching, or stiffness on most days for at least one
month during the past 12 months) or were required to have at least one from a set of
established knee osteoarthritis risk factors (e.g., overweight/obese, prior knee injury, prior
knee surgery, family history of knee replacement or hand OA). The OAI excluded
individuals with rheumatoid or inflammatory arthritis; severe joint space narrowing in both
knees on the baseline knee radiograph, or unilateral total knee replacement and severe joint
space narrowing in the other knee; bilateral total knee replacement or plans to have bilateral
knee replacement in the next 3 years; inability to undergo a 3.0T magnetic resonance
imaging (MRI) exam of the knee because of contraindications; positive pregnancy test;
inability to provide a blood sample; use of ambulatory aides other than a single straight cane
for more than 50% of the time during ambulation; comorbid conditions that might interfere
with the ability to participate in a 4-year study; current participation in a double-blind
randomized trial. The OAI eligibility criteria have been detailed elsewhere.23

The study population for this study was drawn from 2,127 persons enrolled in an OAI
accelerometer monitoring substudy at the OAI 48 month follow-up visit (2008-2010), which
was baseline for this study (Figure 1). Participants with radiographic knee OA, defined as a
Kellgren-Lawrence (KL) grade =2 in at least one knee, were included in the present
analysis. We used the most recent annual assessment as a proxy for missing health factors
(n=21, <3%). For analysis purposes, we excluded 130 participants with less than 4 valid
days of accelerometer monitoring, leaving 1,168 for analyses (Figure 1). Accelerometer data
were merged with the OAI public data24 containing information on physical function
performance measurements and participant characteristics.

Measurements

Assessment of Physical Function Outcomes—~Physical function was assessed by
rates of 20-meter walk and chair stand test completion at OAI 48 month clinic visit. Gait
speed was measured in feet/second based on the average speed over two 20-meter walk
tests. The timed 20-meter walk is used in many epidemiologic studies and is a standard
outcome measure for OA.2% 26 Chair stand was measured in number of stands/minute based
on time required for 5 repetitions of rising from a chair and sitting down. The tests were
performed by certified OAI clinic assessors according to the standard protocol common to
all sites that detailed the course setup, measurement procedures, and scripted instructions.

Measurement of Sedentary Behavior and Physical Activity—Physical activity was
objectively measured following the 48 month clinic visit using a GT1M ActiGraph
accelerometer, a small uniaxial accelerometer that measures vertical accelerations.2’
Uniaxial accelerometer validation studies against whole-body indirect calorimetry showed
high correlation with metabolic equivalent (r=0.93) and total energy expenditure (r=0.93).28
The accuracy?® and test-retest reliability30 of ActiGraph accelerometers under field
conditions are established in many populations including persons with OA.3!
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Accelerometers output an activity count, which is the weighted sum of the number of
accelerations measured over 1 minute periods, where the weights are proportional to the
magnitude of measured acceleration.

Trained research personnel gave participants uniform scripted instructions to wear the unit
on a belt at the natural waistline on the right hip in line with the right axilla upon arising in
the morning and continuously until retiring at night, except during water activities, for seven
consecutive days. Participants maintained a daily log to record time spent in water and
cycling activities, which may not be fully captured by accelerometers. Accelerometers were
returned to the clinic by mail.

Accelerometer data were analytically filtered using methodology validated in adults with
rheumatic disease.32-34 Non-wear periods were defined as =90 minutes with zero activity
counts (allowing for two interrupted minutes with counts<100).33 Accelerometer data
included at least 4 or more valid days for each participant. A valid day was defined as 10 or
more wear hours in a day.32 Total daily minutes of MVPA were calculated using
methodology from the National Institute of Health (counts =2020/minute).

Sedentary behavior, defined by activity counts/minute <100, was used to calculate average
daily time spent in sedentary behavior. Minutes of sedentary behavior were translated on a
minute-by-minute basis from accelerometer output (>10,000 minutes of data per person).
Sedentary behavior quartiles are based on average daily sedentary behavior percentage,
determined by average daily time spent in sedentary behavior divided by wear time.

Covariates—Covariates were measured at the 48 month clinic visit. Demographic factors
included age, gender, race/ethnicity (white, black, Hispanic, other, defined by participant),
education, and income level. Health factors included comorbidity, body mass index (BMI)
status, knee pain, knee OA severity, and presence of knee symptoms. MV activity minutes
were also included. Comorbidities were assessed by the modified Charlson comorbidity
index3°. BMI was calculated from measured height and weight [weight (kg)/height (m)2].
BMI was classified as normal weight (BM1=18.5-24.9), overweight (BM1=25.0-29.9), or
obese (BMI=30). Self-reported current knee pain in the past 7 days was obtained from the
WOMAC (Western Ontario and McMaster University OA Index, Likert version 3.1,
modified in the OAI to be specific to each knee).3° Person-level scores used the maximum
WOMAC value of the two knees. Knee OA severity was obtained from maximum Kellgren-
Lawrence grade of the two knees (2, 3, or 4). Frequent knee symptoms were ascertained
from a positive response to “During the past 12 months, have you had pain, aching, or
stiffness in or around your right/left knee on most days for at least one month?” in either
knee.

Statistical Analyses—Analyses were restricted to individuals who participated in the 48
month clinic visit with 4 or more valid days of accelerometer data. Descriptive statistics
characterized the sample by quartiles of daily average of time spent in sedentary behavior
during waking hours. The association between physical function and sedentary behavior
percentage quartiles was examined by multiple linear regression adjusted for demographic
factors (age, sex, race/ethnicity, education, and income), health factors (comorbidity, BMI,
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knee pain, knee OA severity, and presence of knee symptoms) and average daily MVPA
minutes. Recognizing systematic differences between persons included and excluded from
the analysis sample could influence our findings, we performed weighted analyses
recommended by Hogan38 but the results were similar to unweighted analyses and we report
only unweighted analyses. All analyses were performed using SAS software version 9.2
(Cary, NC).

RESULTS

Over the seven day period, the average accelerometer monitoring of these 1,168 adults with
radiographic knee OA during waking time was 14.8 hours/day. Adults with knee OA spent
on average 67% (SD=8.7) of their daily time in sedentary behavior (range 28~91%). The
average daily hours of sedentary behavior was 9.8 (SD=1.5) and ranged from 4 to 14. These
1,168 adults had mean age of 66.0 years, were primarily female (55%), white (80%), had
post high school education (85%) and income >$50K (67%).

Table 1 shows characteristics of this cohort stratified by sedentary behavior groups.
Compared to adults in the less sedentary groups, those in the most sedentary group (quartile
1) tended to be older, nonwhite, male, and they more frequently reported comorbidities. The
most sedentary group had more participants with KL grades of 3 or 4. There were no notable
differences related to disease severity across the sedentary behavior groups. As expected the
most sedentary individuals engaged in the least amount of moderate-to-vigorous activity.

Physical function measured by gait speed on the 20 meter walk ranged from 2.21 to 7.05
feet/second with a mean £ SD of 4.30 + 0.68 feet/second. A positive relationship between
sedentary behavior groups and physical function is shown graphically by cumulative gait
speed frequency curves in Figure 2. The average gait speed among the most sedentary group
was 3.88 feet/second, which was significantly slower than the speed of the less sedentary
groups (4.23, 4.33, 4.33 feet/second, respectively). More than two thirds (72%) of the
participants in the most sedentary behavior group (quartile 1) did not meet the threshold of a
4 feet/second walking speed corresponding to the minimum walking speed required to safely
cross a street for which many pedestrian traffic lights are timed. In comparison, only 52%,
51%, and 52% of the participants in the less sedentary behavior quartiles 2, 3, and 4,
respectively, did not meet this threshold. Notably, the line for the most sedentary behavior
group (quartile 1) in Figure 2 is distinctly separated by lines for less sedentary behavior
groups in the middle section of the distribution. Similarly, in Figure 3, the average chair
stand rate among the most sedentary group (25.9 stands/minute) was significantly slower
than the rates of the less sedentary groups (28.9, 29.1, 31.1 stands/minute, respectively).

Statistical analyses evaluating cross-sectional relationships are summarized in Table 2.
Compared to the most sedentary group (quartile 1), average physical function was
significantly better in less sedentary behavior groups (mean differences in gait speed
compared to quartile 1 were 0.35, 0.44, and 0.44 feet/second, respectively, P<0.0001 for all
comparisons; mean differences in chair stand rate compared to quartile 1 were 3.00, 3.28,
and 5.30 stands/minute, P<0.0001 for all comparisons). These trends remained significant in
multivariable analyses that simultaneously controlled for demographic factors (age, sex,
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race/ethnicity, education and income level) and health factors (comorbidity, BMI, knee pain,
knee OA severity, presence of knee symptoms, and average daily minutes of MVPA).

DISCUSSION

In this cross-sectional data from adults with confirmed radiographic knee OA, we found that
more sedentary time is significantly associated with poorer physical function. Moreover, this
relationship persisted after controlling for average daily minutes of MVVPA, demographic
factors, and other health factors. Being in the most sedentary group was associated with
worse physical function compared to the other groups; this relationship held for both
objective physical function measures, gait speed and chair stand rates. Notably, each of the
less sedentary groups had similar and significantly better function than the most sedentary
group. This relationship supports a threshold effect between the sedentary behavior and
physical function.

There is growing interest in the role of sedentary behavior as a risk factor for poor health.
Greater sedentary time is related to poor health outcomes measured by an increased risk for
obesity, metabolic syndrome, and type 2 diabetes.2:18:37 |n population-based samples from
the National Health and Nutrition Examination Survey (NHANES), objectively assessed
sedentary time was associated with objectively measured BMI and waist circumference, and
self-reported task limitations independent of time spent in moderate or vigorous
activity.38-40

An important question is whether the relationship of sedentary behavior to poor health is
independent of engaging in moderate or vigorous physical activity. For example, extreme
sedentary behavior could possibly negate some of the beneficial effects of engaging in
exercise. Federal physical activity guidelines based on MV activity are based on recognized
health benefits from these activities. Those benefits include a strong relationship between
greater physical activity and better physical function.14 It follows that a detrimental
relationship of sedentary behavior to function may merely reflect less time spent in
beneficial moderate activities. However, there is emerging evidence supporting that
sedentary behavior is an independent risk factor for poor health outcomes.*142 Initial
investigations focused on obesity, which found an increased risk with greater sedentary time
independent of physical activity.4344 Recently the relationship between greater sedentary
behavior with metabolic syndrome and mortality was shown to be independent of MV
activity.18:45

Because physical functioning is basic to maintaining independence in older adults, it is
important to investigate whether sedentary time may represent an intervention target distinct
from moderate physical activity. To our knowledge, this question has been addressed by
only one study, which was limited to women. Those findings from the Women’s Health
Initiative (n=61,609) showed greater reported sedentary time was significantly related to
poorer assessments of function.*6 That study, however, relied on self-reported sedentary
behavior and function data. Our study adds to the literature by demonstrating that
objectively measured sedentary behavior has a distinct relationship to objectively measured
physical function, separate from the time spent in MVVPA. Notably, MVVPA was not
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significantly related to function when sedentary time was included in the model. Importantly
our findings pertain to adults with knee OA who are at elevated risk for poor functional
outcomes.

These findings support health promotion efforts that target reduction in time spent sedentary
and not just to increase time spent in MVPA. This broader focus relates to both policy and
clinical practice. Expanding public health messages to reduce sedentary time and increase
activity levels are likely to impart the greater health benefits. Targeted messages to reduce
time spent in sedentary activities may have greatest impact when paired with current
physical activity recommendations for adults with knee OA. This study in conjunction with
other findings provides a platform for healthcare providers to communicate with knee OA
patients about the benefits of general household and daily activities, irrespective of
participation in a regular physical activity program. Although engaging in formal exercise is
beneficial, there appears to be a clear need for new and separate recommendations aimed at
reducing sedentary activities among adults with knee OA which may result in improving
physical function.

Strengths of the study included the large sample size, the objective assessment of sedentary
behavior and physical function by accelerometry, and the age and sex diversity of this OA
cohort. However, it is recognized that accelerometers cannot capture water activities and
may underestimate activities with minimal vertical acceleration/deceleration, such as
cycling. Uniaxial accelerometers cannot accurately detect posture of the participant due to
only capturing up and down movement and intensity. Also, causality cannot be inferred
from these cross-sectional data as sedentary time and physical function are measured
simultaneously. These limitations must be balanced against the substantial strengths of this
study.

In conclusion, the results demonstrated a strong relationship between the most sedentary
behavior group and worse physical function in adults with knee OA. This relationship was
demonstrated independent of moderate activity levels. These findings support
recommendations and interventions to encourage adults with knee OA to decrease time
spent in sedentary behavior for improving health outcomes.

Acknowledgments

This manuscript was supported in part by National Institute for Arthritis and Musculoskeletal Diseases (grant no.
P60-AR48098, R01-AR055287, R01- AR054155, and R21 AR059412) and the Falk Medical Trust.

Reference

1. Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the prevalence of arthritis and other
rheumatic conditions in the United States. Part Il. Arthritis Rheum. 2008; 58:26-35. [PubMed:
18163497]

2. Parmet S, Lynm C, Glass RM. JAMA patient page. Osteoarthritis of the knee. JAMA : the journal of
the American Medical Association. 2003; 289:1068.

3. Garstang SV, Stitik TP. Osteoarthritis: epidemiology, risk factors, and pathophysiology. Am J Phys
Med Rehabil. 2006; 85:S2-S11. quiz S2—-4. [PubMed: 17079976]

4. Yelin E. Cost of musculoskeletal diseases: impact of work disability and functional decline. J
Rheumatol Suppl. 2003; 68:8-11. [PubMed: 14712615]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 8

. Cutler DM. Disability and the future of Medicare. The New England journal of medicine. 2003;

349:1084-1085. [PubMed: 12968093]

. Lubitz J, Cai L, Kramarow E, Lentzner H. Health, life expectancy, and health care spending among

the elderly. The New England journal of medicine. 2003; 349:1048-1055. [PubMed: 12968089]

. Wang G, Helmick CG, Macera C, Zhang P, Pratt M. Inactivity-Associated medical costs among US

adults with arthritis. Arthritis and rheumatism. 2001; 45:439-445. [PubMed: 11642643]

. Dunlop DD, Manheim LM, Yelin EH, Song J, Chang RW. The cost of arthritis (Invited paper).

Arthritis and rheumatism. 2003; 49:101-113. [PubMed: 12579600]

. Manson JE, Greenland P, LaCroix AZ, et al. Walking compared with vigorous exercise for the

prevention of cardiovascular events in women. The New England journal of medicine. 2002;
347:716-725. [PubMed: 12213942]

Castaneda C, Layne JE, Munoz-Orians L, et al. A randomized controlled trial of resistance exercise
training to improve glycemic control in older adults with type 2 diabetes. Diabetes care. 2002;
25:2335-2341. [PubMed: 12453982]

Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public health in older adults:
recommendation from the American College of Sports Medicine and the American Heart
Association. Medicine and science in sports and exercise. 2007; 39:1435-1445. [PubMed:
17762378]

Carlson SA, Maynard LM, Fulton JE, Hootman JM, Yoon PW. Physical activity advice to manage
chronic conditions for adults with arthritis or hypertension, 2007. Prev Med. 2009; 49:209-212.
[PubMed: 19573554]

Brach JS, FitzGerald S, Newman AB, et al. Physical activity and functional status in community-
dwelling older women: a 14-year prospective study. Arch Intern Med. 2003; 163:2565-2571.
[PubMed: 14638556]

Brach JS, Simonsick EM, Kritchevsky S, Yaffe K, Newman AB. The association between physical
function and lifestyle activity and exercise in the health, aging and body composition study.
Journal of the American Geriatrics Society. 2004; 52:502-509. [PubMed: 15066063]

Morie M, Reid KF, Miciek R, et al. Habitual physical activity levels are associated with
performance in measures of physical function and mobility in older men. Journal of the American
Geriatrics Society. 2010; 58:1727-1733. [PubMed: 20738436]

Pate RR, O'Neill JR, Lobelo F. The evolving definition of "sedentary". Exerc Sport Sci Rev. 2008;
36:173-178. [PubMed: 18815485]

Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and cardio-
metabolic biomarkers in US adults: NHANES 2003-06. Eur Heart J. 2011; 32:590-597. [PubMed:
21224291]

Bankoski A, Harris TB, McClain JJ, et al. Sedentary activity associated with metabolic syndrome
independent of physical activity. Diabetes care. 2011; 34:497-503. [PubMed: 21270206]

Irwin ML, Ainsworth BE, Conway JM. Estimation of energy expenditure from physical activity
measures: determinants of accuracy. Obesity research. 2001; 9:517-525. [PubMed: 11557832]

Shephard RJ. Limits to the measurement of habitual physical activity by questionnaires. British
journal of sports medicine. 2003; 37:197-206. discussion. [PubMed: 12782543]

Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health: updated recommendation
for adults from the American College of Sports Medicine and the American Heart Association.
Medicine and science in sports and exercise. 2007; 39:1423-1434. [PubMed: 17762377]
Lagerros YT, Lagiou P. Assessment of physical activity and energy expenditure in epidemiological
research of chronic diseases. European journal of epidemiology. 2007; 22:353-362. [PubMed:
17599242]

Eckstein F, Wirth W, Nevitt MC. Recent advances in osteoarthritis imaging--the osteoarthritis
initiative. Nat Rev Rheumatol. 2012; 8:622-630. [PubMed: 22782003]

The Osteoarthritis Initiative. Osteoarthritis Initiative (OAI) database. In: Center OIC. , editor.
Baseine 0.2.2, 12 month visit 1.2.1, 24 month visit 3.2.1 and 36 month visit 5.2.1 ed. San
Francisco, CA: 2010.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9

Altman R, Brandt K, Hochberg M, et al. Design and conduct of clinical trials in patients with
osteoarthritis: recommendations from a task force of the Osteoarthritis Research Society. Results
from a workshop. Osteoarthritis Cartilage. 1996; 4:217-243. [PubMed: 11048620]

Bohannon RW. Population representative gait speed and its determinants. J Geriatr Phys Ther.
2008; 31:49-52. [PubMed: 19856549]

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;
34:1376-1381.

Kumahara H, Schutz Y, Ayabe M, et al. The use of uniaxial accelerometry for the assessment of
physical-activity-related energy expenditure: a validation study against whole-body indirect
calorimetry. Br J Nutr. 2004; 91:235-243. [PubMed: 14756909]

Brage S, Wedderkopp N, Franks PW, Andersen LB, Froberg K. Reexamination of validity and
reliability of the CSA monitor in walking and running. Medicine and science in sports and
exercise. 2003; 35:1447-1454. [PubMed: 12900703]

Welk GJ, Schaben JA, Morrow JR Jr. Reliability of accelerometry-based activity monitors: a
generalizability study. Medicine and science in sports and exercise. 2004; 36:1637-1645.
[PubMed: 15354049]

Farr JN, Going SB, Lohman TG, et al. Physical activity levels in patients with early knee
osteoarthritis measured by accelerometry. Arthritis and rheumatism. 2008; 59:1229-1236.
[PubMed: 18759320]

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;
40:181-188. [PubMed: 18091006]

Song J, Semanik P, Sharma L, et al. Assessing physical activity in persons with knee osteoarthritis
using accelerometers: Data in the osteoarthritis initiative. Arthritis Care Res (Hoboken). 2010

Semanik P, Song J, Chang RW, Manheim L, Ainsworth B, Dunlop D. Assessing physical activity
in persons with rheumatoid arthritis using accelerometry. Med Sci Sports Exerc. 2010; 42:1493—
1501. [PubMed: 20139792]

Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be measured by
questionnaire rather than medical record review? Medical care. 1996; 34:73-84. [PubMed:
8551813]

Hogan JW, Roy J, Korkontzelou C. Handling drop-out in longitudinal studies. Statistics in
medicine. 2004; 23:1455-1497. [PubMed: 15116353]

Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and other sedentary
behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. JAMA : the journal
of the American Medical Association. 2003; 289:1785-1791.

Lynch BM, Friedenreich CM, Winkler EA, et al. Associations of objectively assessed physical
activity and sedentary time with biomarkers of breast cancer risk in postmenopausal women:
findings from NHANES (2003-2006). Breast cancer research and treatment. 2011; 130:183-194.
[PubMed: 21553294]

Lynch BM, Dunstan DW, Winkler E, Healy GN, Eakin E, Owen N. Objectively assessed physical
activity, sedentary time and waist circumference among prostate cancer survivors: findings from
the National Health and Nutrition Examination Survey (2003-2006). Eur J Cancer Care (Engl).
2011, 20:514-519. [PubMed: 20597954]

Dunlop D, Song J, Arnston E, et al. Sedentary Time in U.S. Older Adults Associated With
Disability in Activities of Daily Living Independent of Physical Activity. Journal of physical
activity & health. 2014

Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too little exercise and too much
sitting: Inactivity physiology and tne need for new recommendations on sedentary behavior.
Physical Activity. 2008; 56:2655-2667.

Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population health science
of sedentary behavior. Exerc Sport Sci Rev. 2010; 38:105-113. [PubMed: 20577058]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal. Page 10

43. 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; 31:369-371. [PubMed: 18000181]

44. Inoue S, Sugiyama T, Takamiya T, Oka K, Owen N, Shimomitsu T. Television viewing time is
associated with overweight/obesity among older adults, independent of meeting physical activity
and health guidelines. J Epidemiol. 2012; 22:50-56. [PubMed: 22156288]

45. Koster A, Caserotti P, Patel KV, et al. Association of sedentary time with mortality independent of
moderate to vigorous physical activity. PLoS One. 2012; 7:e37696. [PubMed: 22719846]

46. Seguin R, Lamonte M, Tinker L, et al. Sedentary Behavior and Physical Function Decline in Older
Women: Findings from the Women's Health Initiative. Journal of aging research. 2012;
2012:271589. [PubMed: 22675631]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



Leeetal. Page 11

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

Enrolled Osteoarthritis Initiative
(2004-2006)

n=4796

| —

Page 12

Accelerometer Monitoring Substudy
(2008-2010)

n=2127

Not invited n=1707

Refused n=585

Died n=70

Not available n=307

I

Radiographic knee OA

n=1298

No radiographic knee OA

N=829

‘P

Analysis sample

n=1168

Insufficient accelerometer

monitoring n=130

FIGURE 1.

Analytical sample of accelerometer study participants with radiographic knee osteoarthritis
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FIGURE 2.
Cumulative percentage of 1,168 participants in each sedentary behavior quartilet with the

indicated gait speed (feet/second) at 48 month clinic visit. Participants in sedentary quartile
1 were the most sedentary, and those in quartile 4 were the least sedentary.

* Quartile cut-points (%): Quartile 1>72.7%; 67.13%<Quartile 2<72.7%; 61.1%<Quartile
3<67.13%; Quartile 4<61.1%.
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FIGURE 3.
Cumulative percentage of 1,168 participants in each sedentary behavior quartile* with the

indicated chair stand rate (stand/minute) at 48 month clinic visit. Participants in sedentary
quartile 1 were the most sedentary, and those in quartile 4 were the least sedentary.

* Quartile cut-points (%): Quartile 1>72.7%; 67.13%<Quartile 2<72.7%; 61.1%<Quartile
3<67.13%; Quartile 4<61.1%.
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TABLE 2

Average differences in gait speed (feet/second) and chair stand rate (stands/minute) at 48 month clinic visit”™

Difference in function

Q2vs. Q1 | Q3vs. Q1 | Q4vs. QL | puyaluet

Gait speed (feet/second)
Unadjusted difference 0.35+0.08 | 0.44+0.08 | 0.44+0.08 | <0.0001
Adjusted difference® 0.20+0.07 | 0.21+0.08 | 0.21+0.08 | <0.0001

Chair stand rate (stands/minute)
Unadjusted difference 3.00+£0.95 | 3.28+0.98 | 5.30+0.95 | <0.0001
Adijusted differencet 1.85+0.90 | 1.46+0.96 | 3.43+0.98 0.0016

*
Values are the mean + SEM difference in average gait speed or chair stand rate compared to the most sedentary behavior quartile (quartile 1), as
determined by multiple linear regression.

TP—values compare most sedentary Quartile 1(Q1) and average of Quartiles 2—-4 (Q2-Q4). Quartile cut-points (%): Quartile 1=72.7%,;
67.13%<Quartile 2<72.7%; 61.1%<Quartile 3<67.13%; Quartile 4<61.1%.

iAdjusted for demographics (age, gender, race, education, income), health factors (comorbidity, BMI status, WOMAC knee pain, knee symptoms,
Kellgren-Lawrence grade), and average daily minutes of moderate-to-vigorous activity.
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