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1. Introduction 

The Multicenter Osteoarthritis Study (MOST) is a longitudinal, prospective, observational study of knee 
osteoarthritis (OA) in older Americans with knee OA disease or at increased risk of developing it.  
 
Accurate and reliable assessment of physical activity remains an important measurement for epidemiologists, 
exercise scientists, clinicians, and behavioral researchers. Recent advances in accelerometers, which quantify 
body movements by measuring acceleration in multiple planes, offer a cost-effective way to objectively record 
gait and physical activity. Accelerometry is considered to be the “gold standard” for measuring habitual 
physical activity. 
 
The StepWatch Activity Monitor (SAM) used was a research-grade instrument (StepWatch 3TM activity 
monitor) for long-term assessment of ambulatory activity during day-to-day life. It is a small, waterproof, self-
contained device that was worn comfortably on the ankle and records the number of strides taken every minute 
for extended periods of time. Participants in the MOST study wore the monitor for 7 days. All participants 
started wearing the device at the end of their clinic visit and were given a self-addressed postage-paid 
envelope to mail the device back to the clinic at the end of the seven days. 
 
Examiners responsible for conducting assessments using the StepWatch monitor have undergone on-site 
training by an experienced investigator. Certification required that examiners complete all training requirements 
including demonstrating that they understood the correct set up and return procedures. Examiners also 
conducted the exam on two volunteers. Examiners were also recertified midway through the examination 
cycle. Processing of the accelerometer data in order to extract the parameters of interest was performed by the 
Accelerometry Reading Center, supervised by Dr. Dan White in his laboratory at Delaware University (see 
Reading Protocol below - section 6) 
 

2. Data Management 

Transfer of digital exam data to the UCSF Coordinating Center (CC). Digital examination data were transferred 
regularly from the clinics to the UCSF CC over the internet using a secure data transfer method and following 
data transfer SOPs detailing responsibilities of the sender and recipient.  
            
Receipt of data at UCSF CC. 
Basic quality control checks done by UCSF CC before transfer to reading center 

- Study identifiers on form match electronic file identifiers 
- Study ID and Acrostic (second identifier) and date of exam (date of recording) must always match gold 

standard in master data system 
- Confirm length of data is sufficient (determine using the file size) 

 
Transfer of data to the reading center. At the CC, receipt and completeness of data collection was evaluated 
against measurement acquisition tracking data recorded by the clinics in the study database (see above). The 
CC notified the reading center when data passed quality assurance checks and was ready for the reading 
center to download from the secure FTP site or other prearranged method.  
 
Transfer of data from the reading center to the CC. Reading center uploaded results of their analyses via Box 
for integration into the study database. 

3. Dataset description and Analyst Notes 

 
Dataset: MOSTV35STEPWATCH.sas7bdat 
Observations: 1895 records (1895 participants; 1 record per participant) 
Documentation:  

 VariableGuide_V35STEPWATCH.pdf 
 Distributions_V35STEPWATCH.pdf 
 Operation manual chapter: 3K_Accelerometry_v1.0pSept2021.pdf 
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V35STEPWATCH dataset contains 1895 records; one record per participant. V35STEPWATCH Accelerometry 
data collected during 60m clinic visit (V3) for all participants who agreed to participate (no exam exclusion 
criteria) and at the 84m clinic visit (V5) (all participants who participated in 60m data collection were eligible for 
device distribution at 84m clinic visit). In addition, if step watch data file was lost, unreadable, contained 
unreliable information (mismatch ID/Acrostic or dates in tracking form and data file), record was not included in 
the final Reading Center dataset.  
 
At 60-months, all participants were eligible for accelerometry exam during clinic visit (see Accelerometry Operations 
Manual). At 84-month, participants without 60-month processed accelerometry data were excluded from the 
accelerometry exam with some exceptions. The StepWatch reading summary reports are provided in Appendix.  
 
Dataset structure: 
 

 Variables #1 to #3 included ID (for linkage with clinical data) and sex (for tabulation). 
 

 Variables #4 to #13 – prefix V3 – number of days, summary reading parameters and derived variables 
from 60m data files provided by reading center 

 
 Variables #14 to #23 – prefix V5 - number of days, summary reading parameters and derived variables 

from 84m data files provided by reading center 

VxDAYS Num days worn 

Vx_STEPS_DAY Mean Steps per Day 

Vx_STEPS_SD SD of Mean Steps per Day 

Vx_MIN_WORN Mean Minutes Worn per Day 

Vx_MIN_WORN_SD SD of Mean Minutes Worn per Day 

Vx_MIN_WORN100 Mean Minutes Above 100 steps per Day 

Vx_MIN_WORN100_SD SD of Mean Minutes Above 100 steps per Day 

Vx_MEAN_SUSTAIN_WB Mean Minutes Sustained Above 100 steps for 10 min, with breaks of at most 2 min 

Vx_MEAN_SUSTAIN_WB_SD SD of Mean Min Sustained Above 100 for 10 min, with breaks of at most 2 min 

Vx_MEAN_5PEAK Mean of top 5 steps in each day 

 

NOTE:  
 Reading center recommends using summary parameters provided in conjunction with variable 

VxDAYS. The recommended number of days to use is 3 or more days worn. If data from 1-2 days is 
used in an analysis, a sensitivity analysis is required. Analyst and PI should discuss and strategize the 
approach.  

 There are significant clinic differences between who wore the StepWatch device and whether device 
returned with or without data. The CC recommends controlling for clinic in all analyses. 
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4. FLOW CHART – Step Watch (Accelerometry) exam completion and reading status 

 

 
  

Step Watch data 
processed (1+ day)

Step Watch data 
received

Step Watch

distributed

Completed CV

Enrolled in MOST 
Cycle 2

2768

60M

2330 ppts

1942

1852

1760

84M

2146 ppts

1509

1446

1392



MOST Dataset Description V35STEPWATCH    5 
 

5. References 

 

1. White DK, Neogi T, Zhang Y, et al. The association of obesity with walking independent of knee pain: 
the multicenter osteoarthritis study. J Obes. 2012;2012:261974. 

2. Song J, Semanik P, Sharma L, et al. Assessing physical activity in persons with knee osteoarthritis 
using accelerometers: data from the osteoarthritis initiative. Arthritis Care Res (Hoboken). 
2010;62(12):1724-1732. 

3. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the United 
States measured by accelerometer. Med Sci Sports Exerc. 2008;40(1):181-188. 

4. King WC, Li J, Leishear K, Mitchell JE, Belle SH. Determining activity monitor wear time: an influential 
decision rule. J Phys Act Health. 2011;8(4):566-580. 

 
Additional articles published on MOST data: 

1. Fawole HO, Felson DT, Frey-Law LA, Jafarzadeh SR, Dell'Isola A, Steultjens MP, Nevitt MC, Lewis CE, 
Riskowski JL, Chastin S.  
Is the association between physical activity and fatigue mediated by physical function or 
depressive symptoms in symptomatic knee osteoarthritis? The Multicenter Osteoarthritis Study.  
Scand J Rheumatol. 2021 Sep;50(5):372-380. doi:10.1080/03009742.2020.1854850. Epub 2021 Mar 20.  
PMID: 33749506; PMCID: PMC8448897. 

2. Maxwell JL, Neogi T, Crossley KM, Macri EM, White D, Guermazi A, Roemer FW, Nevitt MC, Lewis CE, 
Torner JC, Stefanik JJ.  
Relation of MRI-detected features of patellofemoral osteoarthritis to pain, performance-based 
function, and daily walking: The Multicenter Osteoarthritis Study.  
ACR Open Rheumatol. 2021. Epub 2021/11/19. doi: 10.1002/acr2.11361. PMID:34792868. 

3. Hart HF, Gross KD, Crossley KM, Barton CJ, Felson DT, Guermazi A, Roemer F, Segal NA, Lewis CE, 
Nevitt MC, Stefanik JJ.  
Is step rate associated with worsening of patellofemoral and tibiofemoral joint osteoarthritis in 
women and men? The Multicenter Osteoarthritis Study.  
Arthritis Care Res (Hoboken). 2020 Jan;72(1):107-113. doi: 10.1002/acr.23864.  
PMID: 30821927; PMCID: PMC6717684. 

4. Voinier D, Neogi T, Stefanik JJ, Guermazi A, Roemer FW, Thoma LM, Master H, Nevitt MC, Lewis CE, 
Torner J, White DK.  
Using cumulative load to explain how body mass index and daily walking relate to worsening knee 
cartilage damage over two years: The MOST Study.  
Arthritis Rheumatol. 2020 Jun;72(6):957-965. doi: 10.1002/art.41181. Epub 2020 May 2.  
PMID: 31785075; PMCID: PMC8020569. 

5. Hart HF, Gross KD, Crossley KM, Barton CJ, Felson DT, Guermazi A, Roemer F, Segal NA, Lewis CE, 
Nevitt MC, Stefanik JJ. 
Is step rate associated with worsening of patellofemoral and tibiofemoral joint osteoarthritis in 
women and men? The Multicenter Osteoarthritis Study. 
Arthritis Care Res (Hoboken). 2019 Mar 1. doi: 10.1002/acr.23864. Epub ahead of print. 
PMCID:  6717684 [Available on 1/1/21] 
https://www.ncbi.nlm.nih.gov/pubmed/30821927  

6. Fenton SAM, Neogi T, Dunlop D, Nevitt M, Doherty M, Duda JL, Klocke R, Abhishek A, Rushton A, Zhang 
W, Lewis CE, Torner J, Kitas G, White DK; Multicenter Osteoarthritis Group. 
Does the intensity of daily walking matter for protecting against the development of a slow gait 
speed in people with or at high risk of knee osteoarthritis? An observational study. 
Osteoarthritis Cartilage. 2018 May 2. pii: S1063-4584(18)31227-5. doi: 10.1016/j.joca.2018. 04.015. Epub 
2018 May 2. 
PMCID: 6098720  
https://www.ncbi.nlm.nih.gov/pubmed/29729332  

7. White DK, Tudor-Locke C, Zhang Y, Niu J, Felson DT, Gross KD, Nevitt MC, Lewis CE, Torner J, Neogi T. 
Prospective change in daily walking over 2 years in older adults with or at risk of knee 
osteoarthritis: the MOST study. 



MOST Dataset Description V35STEPWATCH    6 
 

Osteoarthritis Cartilage. 2016 Feb;24(2):246-53. doi: 10.1016/j.joca.2015.08.004. Epub 2015 Aug 28. 
PMCID: 4724466 
http://www.ncbi.nlm.nih.gov/pubmed/?term=26318659  

8. Øiestad BE, Quinn E, White D, Roemer F, Guermazi A, Nevitt M, Segal NA, Lewis CE, Felson DT. 
No Association between Daily Walking and Knee Structural Changes in People at Risk of or with 
Mild Knee Osteoarthritis. Prospective Data from the Multicenter Osteoarthritis Study. 
J Rheumatol. 2015 Sep;42(9):1685-93. doi: 10.3899/jrheum.150071. Epub 2015 Jun 15. 
PMCID: 4558377 
http://www.ncbi.nlm.nih.gov/pubmed/?term=26077404  

9. White DK, Tudor-Locke C, Zhang Y, Fielding R, LaValley M, Felson DT, Gross KD, Nevitt MC, Lewis CE, 
Torner J, Neogi T.  
Daily walking and the risk of incident functional limitation in knee osteoarthritis: an observational 
study.  
Arthritis Care Res (Hoboken). 2014 Sep;66(9):1328-36. doi: 10.1002/acr.22362.  
PMCID: 4146701 
http://www.ncbi.nlm.nih.gov/pubmed/24923633  

10. White DK, Tudor-Locke C, Felson DT, Gross KD, Niu J, Nevitt M, Lewis CE, Torner J, Neogi T. 
Walking to meet physical activity guidelines in knee osteoarthritis: Is 10,000 steps enough? 

 Arch Phys Med Rehabil. 2013 Apr;94(4):711-7. doi: 10.1016/j.apmr.2012.11.038. Epub 2012 Dec 7. 
PMCID: 3608824 
http://www.ncbi.nlm.nih.gov/pubmed/23228625 

11. White DK, Tudor-Locke C, Felson DT, Gross KD, Niu J, Nevitt M, Lewis CE, Torner J, Neogi T. 
Do radiographic disease and pain account for why people with or at high risk of knee 
osteoarthritis do not meet physical activity guidelines? 
Arthritis Rheum. 2013 Jan;65(1):139-47. doi: 10.1002/art.37748. 
PMCID: 3535507 
http://www.ncbi.nlm.nih.gov/pubmed/23124774 

12. White DK, Keysor JJ, Neogi T, Felson DT, LaValley M, Gross KD, Niu J, Nevitt MC, Lewis C, Torner JC, 
Fredman L.  
When it hurts a positive attitude may help: the association of positive affect with daily walking in 
knee OA: the MOST study.  
Arthritis Care Res (Hoboken). 2012 Sep;64(9):1312-9.doi:10.1002/acr.21694. Epub 2012 Apr 13. 
PMCID: 3410957 
http://www.ncbi.nlm.nih.gov/pubmed/22504854 

13. White DK, Neogi N, Zhang Y, Felson D, LaValley M, Niu J, Nevitt M, Lewis CE, Torner J, Gross KD. 
The association of obesity with walking independent of knee pain: the multicenter osteoarthritis 
study. 
J Obesity. 2012. doi:10.1155/2012/261974. Epub 2012 May 7. 
PMCID: 3356701 
http://www.ncbi.nlm.nih.gov/pubmed/22645666 
 
 

 

  



MOST Dataset Description V35STEPWATCH    7 
 

6. Reading protocol - STEPWATCH PROCESSING (BY D WHITE) 

We first determine if subjects wore the monitor long enough to be counted as a full day.  We adopted a published 
method for processing accelerometry data.2 In particular we defined ten hours of monitoring as the minimum 
amount of time needed to define a full day.  The ten hour threshold represents more than 66% of waking hours 
and has been utilized as a threshold in studies of physical activity in the general adult population3 and people with 
knee OA.2  
 
Time in use was counted from the first step recorded in the morning to the last step recorded in the evening.  To 
exclude times subjects may have taken off the StepWatch during the day, we omitted times where the monitor 
registered no steps for 180 consecutive minutes during the day.  
 
Previous literature to distinguish periods of inactivity from non-wear have employed monitors designed to 
measure all types of physical activity (Actigraph).  These studies have employed thresholds of 60 minutes to 90 
minutes of no activity to represent non-wear.  However, it is not known if these same thresholds can be 
generalized to a monitor only measuring step counts, as periods of physical inactivity likely differ from periods of 
not walking worn by people with or at high risk of knee OA.  One previous study of adult bariatric surgical 
candidates found a threshold of 120 minutes of no steps was suggested as non-wear time.4 We examined how 
increases in threshold values of non-wear time changed reporting of the daily average wear time, steps, and time 
walking at a moderate intensity.   
 

 
 
As threshold values of non-wear time increased, the monitor was counted as being worn for a greater duration of 
time.  Subsequently, the average number of steps/day decreased.  However, changes in steps/day did not 
change appreciably using threshold values of non-wear greater than 180 minutes.  As a result, we employed a 
180 minute threshold of no steps to distinguish periods of inactivity from not wearing the monitor.   
 
We quantified walking as the total number of steps taken per day on average as a continuous outcome.  We 
calculated steps/day by totaling the number of steps taken each valid day of monitoring divided by the number of 
valid days.  We did this by imputing the excel files (.xls) from stepwatch into a Python program we customized to 
process the data. 
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7. Appendix. Data summary report by visit 

 
60m-visit: 2330 ppts completed CV 
 
Table 1. Status of accelerometry exam completeness status by clinic. 
 

60m Accelerometry Total Clinic=1 Clinic=2 

N col% N col% N col% 

Acc not done - refused 306 13 293 26 13 1 

0=Acc not done 82 3.5 67 6 15 1 

1=Acc data lost 90 4 56 5 34 3 

2=Acc data unreliable 92 4 47 4 45 4 

4=Data available 1760 75.5 670 59 1090 91 

Total 2330 100 1133 100 1197 100 

 
Table 2. Number of days for the StepWatch reading completed 
 

60m valid days Total Clinic=1 Clinic=2 

N col% N col% N col% 

1-2 days 71 4 34 5 37 3 

3-5 days 222 13 131 20 91 8 

6 plus days 1467 83 505 75 962 88 

Total 1760 100 670 100 1090 100 

 
84m-visit: 2146 ppts completed CV 
 
Table 3. Status of accelerometry exam completeness status by clinic. 
 

84m Accelerometry Total Clinic=1 Clinic=2 

N col% N col% N col% 

Acc not done - not eligible  (no data at 60m) 397 19 361 37 36 3 

Acc not done - refused 217 10 183 19 34 3 

0=Acc not done 23 1 18 2 5 0 

1=Acc data lost 63 3 30 3 33 3 

2=Acc data unreliable 54 3 25 3 29 2 

4=Data available 1392 65 366 37 1026 88 

Total 2146 100 983 100 1163 100 

 
Table 4. Number of days for the StepWatch reading completed 
 

84m valid days Total Clinic=1 Clinic=2 

N col% N col% N col% 

1-2 days 27 2 19 5 8 <1 

3-5 days 190 14 112 31 78 8 

6 plus days 1175 84 235 64 940 92 

Total 1392 100 366 100 1026 100 
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Data Available for Longitudinal analysis 60m to 84m 
 

Table 5. 60m Accelerometry reading status vs 84m accelerometry reading status (among 2446 84m CV done) 
 

All Total 84m CV 
done 

Not eligible 
(no 60m data) 

0=Acc not 
done or 
refused 

1=Acc data 
lost 

2=Acc data 
unreliable 

4=Data 
available 

N col% N col% N col% N col% N col% N col% 

60m CV not done 116 5 70 18 
  

2 3 2 4 42 3 

0=Acc not done 
or refused 

293 14 286 72 1 0.4     6 0.4 

1=Acc data lost 73 3 41 10 5 2 1 2   26 2 

2=Acc data 
unreliable 

80 4   12 5 3 5 4 7 61 4 

4=Data available 1584 74   222 93 57 91 48 89 1257 90 

Total 2146 100 397 100 240 100 63 100 54 100 1392 100 

 
Table 6. Available for longitudinal analysis and includes only those with 60m and 84m processed data. 
 

All 
60m valid 

days 

Total 84m valid days 

1-2 days 3-5 days 6 plus days 

N col% N col% N col% N col% 

1-2 days 38 3 0 0 12 7 26 2 

3-5 days 129 10 7 28 36 22 86 8 

6 plus 
days 

1090 87 18 72 117 71 955 90 

Total 1257 100 25 100 165 100 1067 100 
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