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    Abstract
Background Few instruments that measure physical activity (PA) can accurately quantify PA performed at light and moderate intensities, which is particularly relevant in older adults. The evidence of their reliability in free-living conditions is limited.

Objective The study objectives were: (1) to determine the test-retest reliability of the Actigraph (ACT), SenseWear Armband (SWA), and Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire in assessing free-living PA at light and moderate intensities in people after total knee arthroplasty; (2) to compare the reliability of the 3 instruments relative to each other; and (3) to determine the reliability of commonly used monitoring time frames (24 hours, waking hours, and 10 hours from awakening).

Design A one-group, repeated-measures design was used.

Methods Participants wore the activity monitors for 2 weeks, and the CHAMPS questionnaire was completed at the end of each week. Test-retest reliability was determined by using the intraclass correlation coefficient (ICC [2,k]) to compare PA measures from one week with those from the other week.

Results Data from 28 participants who reported similar PA during the 2 weeks were included in the analysis. The mean age of these participants was 69 years (SD=8), and 75% of them were women. Reliability ranged from moderate to excellent for the ACT (ICC=.75–.86) and was excellent for the SWA (ICC=.93–.95) and the CHAMPS questionnaire (ICC=.86–.92). The 95% confidence intervals (95% CI) of the ICCs from the SWA were the only ones within the excellent reliability range (.85–.98). The CHAMPS questionnaire showed systematic bias, with less PA being reported in week 2. The reliability of PA measures in the waking-hour time frame was comparable to that in the 24-hour time frame and reflected most PA performed during this period.

Limitations Reliability may be lower for time intervals longer than 1 week.

Conclusions All PA measures showed good reliability. The reliability of the ACT was lower than those of the SWA and the CHAMPS questionnaire. The SWA provided more precise reliability estimates. Wearing PA monitors during waking hours provided sufficiently reliable measures and can reduce the burden on people wearing them.


Regular physical activity (PA) contributes to health enhancement in many ways. It helps maintain weight, prevents chronic diseases such as diabetes and hypertension, and reduces mortality.1 People who undergo total knee arthroplasty (TKA) for end-stage knee osteoarthritis are typically older adults who have an inactive lifestyle and perform most of their activities at light intensities because of persistent knee pain and functional limitations.2–4 Thus, measuring PA with reliable measurement tools that can capture light-intensity activities is warranted.
Several instruments for the measurement of free-living PA in older adults are available; free-living PA is defined as daily activities performed by people at their own pace and not under supervised or controlled conditions.5,6 However, only a few instruments can accurately distinguish light (eg, mopping, walking to do errands) from moderate (eg, lawn mowing, brisk walking) intensities of PA.7–12 Of those instruments, 2 activity monitors, the accelerometer-based Actigraph (ACT, Actigraph LLC, Pensacola, Florida) and the multisensor SenseWear Armband (SWA, BodyMedia Inc, Pittsburgh, Pennsylvania), and a self-report questionnaire, the Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire, have been validated for the measurement of PA in older adults and are widely used in research including this population.13–15
The ACT is a waist-mounted accelerometer-based device, and the SWA is an arm-mounted multisensor device. Their advantage is that they can measure PA in real time, whereas the CHAMPS questionnaire relies on an individual's recall. Although the cost of activity monitors is substantial compared with that of questionnaires, their cost is reasonable for large-scale research. Also, they are far less expensive than doubly labeled water, which is the reference standard for the measurement of free-living PA. A drawback of activity monitors is that they need to be worn for several hours per day on several days per week to capture relevant PA information. The advantages of the CHAMPS questionnaire include the fact that it provides information about types of PA behaviors (eg, dancing and walking to do errands); the cost is very low; and it is easy to administer, with minimal burden on people (15 minutes to complete). However, PA questionnaires have been found to overestimate moderate PA and to underestimate sedentary behavior.12,16
At present, there is limited information on the reliability of these instruments for the measurement of PA in older adults with arthritis of the lower extremities. To our knowledge, no studies have determined the reliability of the SWA in free-living conditions. Studies in which the ACT and the CHAMPS questionnaire were used to measure free-living PA were mainly done with people who were healthy.7,12,15,17–19 Results from people who are healthy may not be applicable to people with knee osteoarthritis, who usually have pain and functional limitations that can lead to gait abnormalities, an inactive lifestyle, and obesity.20,21 More importantly, to our knowledge, no studies have compared the performance of the ACT, the SWA, and the CHAMPS questionnaire. Therefore, it is key to concurrently compare the reliability of measures of PA from activity monitors that are based on distinct technologies and a self-report questionnaire. This comparison will provide evidence that researchers and clinicians can use to make well-informed choices of tools for the assessment of PA in people with arthritis of the lower extremities.
Specific to accelerometry-based devices, evidence about the appropriate time frame for wearing the monitors also is limited. Most studies investigating the consistency of measures of PA for different monitoring time frames have involved the number of days; a few have involved the number of hours per day.6,22–24 The monitoring time frames most commonly used to assess free-living PA in research have been 10 hours, waking hours, and 24 hours.6,22–24 Investigating which monitoring time frame provides more reliable estimates of PA may help reduce the burden on people if shorter monitoring periods are found to yield consistent PA measures.
The main purpose of this study was to determine the test-retest reliability of the ACT, the SWA, and the CHAMPS questionnaire for the assessment of free-living PA at light and moderate intensities in people who underwent TKA for knee osteoarthritis. We also aimed to compare the reliability across the 3 instruments. Additionally, we aimed to determine the test-retest reliability of monitoring time frames that are commonly used to assess PA with the ACT and the SWA.
Method
Design and Participants
This was an ancillary study with a one-group, repeated-measures design. People participating in a randomized trial investigating the effects of rehabilitation approaches on physical function after TKA were invited to take part in this reliability study. This study took place from October 2011 to March 2013 in the Department of Physical Therapy, University of Pittsburgh. All participants signed a consent form approved by the university's Institutional Review Board before participation.
In the parent study, people were included if they had undergone unilateral TKA in the preceding 3 to 6 months and were at least 50 years old. To be included in this ancillary study, people also had to be willing to wear the activity monitors for 2 consecutive weeks, to complete the CHAMPS questionnaire twice, and to agree to perform similar activities during the 2 weeks of data collection. For safety reasons, people were excluded from the parent study if they reported more than 2 falls in the preceding year, were unable to ambulate a distance of 31 m without an assistive device, and had medical conditions that precluded safe exercise participation.

Study Protocol
Participants attended 3 testing visits. In the first visit, they completed demographic and self-report questionnaires on pain and physical function. Height and weight were also measured. This information was used to characterize the sample. At the end of the first visit, participants were fitted with the ACT at the waist and the SWA at the upper arm and were asked to wear the monitors for 7 days (24 h/d), except during showering or water activities. Participants were asked to perform similar activities during the 2 weeks of data collection. At the end of week 1 (test) and week 2 (retest), participants returned to our research facility so that we could download data from the activity monitors and they could complete the CHAMPS questionnaire. The CHAMPS questionnaire queried about PA participation in the preceding week, corresponding to the time when the monitors were worn.
Data from the activity monitors were inspected to ensure that they were sufficient, defined as at least 5 days with 10 hours of PA data per day.25 Participants for whom data were not sufficient were asked to wear the portable monitors for an additional week and to complete the CHAMPS questionnaire at the end of that week. For assessment of the stability of PA during the 2 weeks, participants were asked whether they performed “more,” “less,” or “about the same” activities in the second week relative to the first week. Data that were obtained from participants who reported “about the same” activities during the 2 weeks and that were considered sufficient were used in the reliability analysis.

Measures of PA
The main outcome of this study was the duration of daily PA estimated with the ACT, the SWA, and the CHAMPS questionnaire in minutes per day. The daily number of steps was also assessed with the ACT and the SWA. The PA measurement tools used in this study have distinct measurement characteristics to differentiate the levels of intensity of PA into light, moderate, and vigorous. The measures of moderate and vigorous PA were combined into the moderate category because our sample engaged in negligible amounts of vigorous PA. The PA categories compared across the 3 instruments in this study were light, moderate, and light to moderate (combination of light and moderate intensities); the numbers of steps were compared for the ACT and the SWA only.
The ACT is a small triaxial accelerometer-based monitor (∼5.0 × ∼3.8 × ∼1.5 cm [2 × 1.5 × 0.6 in]) worn around the waist, at the level of the hip-bone, over the right anterior superior iliac spine. The ACT model GT3X and the ActiLife 5 software (Actigraph LLC) were used. The ACT measures body acceleration in activity counts and was set to collect data at 1-minute intervals. Participants' demographic information (sex, age, height, and weight) was entered into the software when the device was initialized. The ACT generates data on activity counts per minute (cpm) and number of steps.
To categorize the duration of daily activities in minutes per day, the software uses the following cpm cutoff points: 760 to 1,951 cpm for light PA, >1,951 cpm for moderate OA, and ≥760 cpm for light to moderate PA.26 The ActiLife 5 software identifies periods during which the ACT is not worn (nonwear periods) on the basis of a threshold of 60 consecutive minutes with 0 cpm, which indicates no movement at all, and allows for up to 2 minutes with 1 to 100 cpm within the 60 minutes. Nonwear periods also were visually determined. The ACT has been shown to have moderate accuracy (r=.49) for the measurement of PA in free-living conditions relative to doubly labeled water in older adults13 and to have moderate to excellent reliability for the assessment of PA in free-living conditions in adults who are healthy and older adults (intraclass correlation coefficient [ICC]=.68–.90).17,18
The SWA is a small multisensor device (∼8.6 × ∼5.3 × ∼2.0 cm [3.4 × 2.1 × 0.8 in]) worn on the back of the right arm, over the triceps muscle, at the midpoint between the shoulder and the elbow. The SWA Pro-3 and the Professional software v6.1 (BodyMedia Inc) were used. The device combines information from a biaxial accelerometer, heat flux (heat being dissipated by the body), a galvanic signal (onset, peak, and recovery of maximal sweat rates), and skin temperature. Information from the sensors is integrated and processed by the software with proprietary algorithms that account for participants' demographic characteristics (sex, age, height, and weight).
The SWA provides data on the duration (minutes per day) of light (2–2.9 metabolic equivalents [METs]), moderate (≥3 METs), and light to moderate (≥2 METs) PA. It also computes number of steps. The SWA turns off automatically when not worn, enabling the software to recognize nonwear periods. Data also were visually screened to identify nonwear periods. The SWA has been shown to have moderate accuracy (r=.48) relative to doubly labeled water in older adults13 and good to excellent reliability in controlled conditions (ICC=.62–.99).27,28 However, the reliability of the SWA has not been investigated in free-living conditions.
The CHAMPS questionnaire is a self-report questionnaire that queries the type, frequency, and duration of 41 activities usually performed by older adults, ranging from light to vigorous PA, such as cleaning, gardening, and sports activities. The duration of each activity (hours per week) is selected from a range of less than 1 h/wk to greater than or equal to 9 h/wk, and activity is categorized into 2 intensity levels according to the CHAMPS questionnaire activity code book.15 Light to moderate PA (≥2 METs) represents all exercise-related activities queried by the questionnaire, such as light to heavy household chores and recreational and sports activities. Moderate PA (≥3 METs) represents activities such as heavy household chores, calisthenics, and sports.
To allow direct comparisons between the CHAMPS questionnaire and the activity monitors, we subtracted moderate PA from light to moderate PA to create a light PA category for the CHAMPS questionnaire. Data on water activities described by the CHAMPS questionnaire (ie, items 31–33) were excluded from the calculation of PA scores because participants were required to remove the activity monitors during those activities. The CHAMPS questionnaire has been shown to have low accuracy relative to doubly labeled water for the measurement of PA in older adults (r=.28)13 and fair to good reliability (ICC=.27–.84) for the measurement of PA in people with musculoskeletal disorders and older adults who are healthy.7,15,19,29

Reliability of Monitoring Time Frames
The test-retest reliability of the ACT and the SWA was assessed with 3 time frames commonly used in previous studies: 24 hours, waking hours, and 10 hours from awakening.6,22,23 The 24-hour time frame corresponded to a whole day of activities, including sleep time but excluding the time when the monitors were removed for water activities. The waking-hour time frame represented the duration from wake-up time to sleep time. The 10-hour-from-awakening time frame was determined by counting 10 hours from wake-up time. Wake-up and sleep times were identified with the SWA, which has been shown to be accurate for detecting sleep.30–32 The times identified in the SWA software were used to define times for the ACT.
Data were entered into the time frame reliability analysis only if accelerometry data from almost 24 hours (excluding showering) were available and if the monitoring days and times from the ACT matched those identified with the SWA. This approach was used to ensure that both monitors were measuring the same activities performed during the same times.

Data Analysis
Descriptive statistics for continuous variables included means and standard deviations or medians and 25th to 75th percentiles according to the distribution of the data. Counts and frequencies were used for categorical variables. Demographics and biomedical characteristics of participants who reported “about the same” activities during the 2 weeks and those who reported “more” or “less” activities in week 2 were compared by use of independent-sample t tests or Mann-Whitney U tests for continuous data and chi-square tests for categorical data.
The test-retest reliability of PA measures from week 1 and week 2 was determined by use of the ICC (2,k) with absolute agreement. As a general guideline for interpretation, an ICC of less than .5 means poor reliability, an ICC of .50 to .75 represents moderate reliability, and an ICC of greater than .75 indicates excellent reliability.33 Measurement error was estimated by use of the standard error of measurement (SEM) with the equation SEM=SD√1 − ICC. We also calculated the minimum detectable change (MDC) to provide a threshold within a defined level of statistical confidence that true change beyond measurement error occurred by using the following equation: MDC=z score for level of confidence × √2 × SEM (z scores of 1.96 are associated with 95% confidence [MDC95]; z scores of 1.65 are associated with 90% confidence [MDC90]).33,34 Bland-Altman plots were used to assess for systematic bias and outliers.35 To compare differences in the reliability of PA measures across the ACT, the SWA, and the CHAMPS questionnaire, we examined whether the point estimate of the ICC from one instrument was contained in the 95% CI of the ICC from another instrument. If the point estimate was not within the 95% CI, the reliability of an instrument was statistically different from that of another.36
We also explored whether the magnitudes of PA measures differed across instruments. Paired t tests or Wilcoxon signed rank tests were used according to the distribution of the data (ACT versus SWA, ACT versus CHAMPS questionnaire, and SWA versus CHAMPS questionnaire). The alpha level was set at .05 for all analyses, with no correction for multiple comparisons to minimize type II errors. Analyses were performed with IBM SPSS Statistics 21 (IBM Corp, Armonk, New York) and Microsoft Excel 2010 (Microsoft Corp, Redmond, Washington).

Role of the Funding Source
Funding for this study was provided by the Pepper Center Scholars Pilot Program (grant P30-AG024827), University of Pittsburgh; the Rehabilitation Institute Pilot Program, University of Pittsburgh Medical Center; and the SHRS Research Development Fund, University of Pittsburgh.


Results
We invited all 44 participants from the parent trial to participate in this ancillary study. Two people declined to participate because they were not willing to wear the activity monitors for 2 weeks. For 7 of the remaining 42 participants, data from one of the weeks were not sufficient, so these participants were asked to wear the monitors for an additional week. Data from 5 of these participants were excluded because they were insufficient, even after the participants wore the devices for an additional week. Of the remaining 37 participants, 9 reported “more” or “less” activities in week 2, leaving data from 28 participants with similar PA during both weeks for the reliability analysis (eFig. 1). The monitoring time frames for these participants were similar during both weeks, with a mean of 21 h/d (SD=3 h/d). The characteristics of participants whose data were included in the reliability analysis and those whose data were excluded from the reliability analysis were similar (Tab. 1).
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Table 1. Demographic and Biomedical Characteristics of Participantsa



Table 2 shows the characterization of PA during the 2 weeks and the estimates for test-retest reliability, SEM, and MDC. The 3 measurement tools showed moderate to excellent test-retest reliability (ICC≥.75), with 95% CIs ranging from poor to excellent (.43–.98). Bland-Altman plots revealed no systematic bias between measures from the 2 weeks for the activity monitors across PA categories (eFig. 2). However, the plots demonstrated systematic bias for CHAMPS questionnaire scores in the duration of light PA and the duration of light to moderate PA. The line of equality (zero) was not contained in the 95% CI of the difference between the weeks, indicating that PA values from week 1 were significantly higher than those from week 2. These differences concurred with the significant F tests from the analysis of variance (from the ICC calculation) that examined the difference between PA measures from week 1 and those from week 2 (Tab. 2).
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Table 2. Average Duration of Physical Activity Obtained With Various Measurement Tools in 2 Weeksa



The comparison of ICCs across PA measurement tools is shown in Table 2; ICCs that were statistically significantly different are indicated. The reliability of the ACT was significantly lower than that of the SWA across all PA categories (ICC estimates from the ACT were not contained in the 95% CIs from the SWA). The reliability of the ACT also was significantly lower than that of the CHAMPS questionnaire for moderate PA but not for the other categories. The reliability of the CHAMPS questionnaire was significantly lower than that of the SWA for light PA.
The Figure shows the magnitude of PA duration measured by each instrument during week 1. Measurements from the ACT were significantly lower than those from the SWA across the 3 PA categories (P<.05) and were significantly lower than those from the CHAMPS questionnaire for moderate PA (P=.001) and light to moderate PA (P=.02). The CHAMPS questionnaire scores were significantly lower than measures from the SWA for light PA (P=.004) and light to moderate PA (P=.02). The same analysis performed with data from week 2 generated similar results.
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Figure. Comparison of magnitudes of duration (min/d) of physical activity (PA) measured by the Actigraph (ACT), the SenseWear Armband (SWA), and the Community Healthy Activities Model Program for Seniors (CHAMPS) questionnaire in week 1. *Magnitudes of duration were significantly different between measurement tools (P<.05).



For 7 of the 28 participants whose data were included in the reliability analysis, either data from the 24-hour time frame were not available or the monitoring days and times from the ACT did not match those from the SWA. For the 21 participants whose data were included in the analysis of reliability in the monitoring time frames, the minimum wear time was 22:47 h/d. Reliability in the monitoring time frames is shown in Tables 3, 4, and 5 (for 24 hours, 10 hours from awakening, and waking hours, respectively). The reliability of the ACT and the SWA in each of the monitoring time frames ranged from moderate to excellent (ICC=.75–.96). The ICCs for each instrument were similar across all time frames, indicating no statistical difference. Bland-Altman plots revealed no systematic bias between measures from the 2 weeks for the activity monitors across PA categories and time frames (eFig. 2).
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Table 3. Reliability in the 24-Hour Time Framea
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Table 4. Reliability in the 10-Hour-From-Awakening Time Framea
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Table 5. Reliability in the Waking-Hour Time Framea




Discussion
To our knowledge, this is the first study to concurrently determine the test-retest reliability of the ACT, the SWA, and the CHAMPS questionnaire during free-living PA performed at light and moderate intensities after TKA. The results of the reliability analysis revealed good test-retest reliability for the 3 instruments. Measures of PA from the SWA were shown to be more reliable than those from the ACT and the CHAMPS questionnaire. The reliability of the duration of PA measured by the SWA was better than the reliability of the duration of PA measured by the ACT across all PA categories and was also better than the reliability of measures of light PA from the CHAMPS questionnaire. The better reliability of PA measures from the SWA was further supported by the lower bounds of the 95% CIs, which were consistently above the threshold of excellent reliability (ie, ICC>.75).
Unlike the ACT and the SWA, the CHAMPS questionnaire showed systematic bias, with higher scores in week 1 than in week 2, for light PA and light to moderate PA. Despite the high reliability for those categories (ICC>.85), the statistically significant differences in the CHAMPS questionnaire scores between weeks suggested that its ability to provide consistent scores is questionable. We assumed that the differences in scores occurred because most of the participants were wearing activity monitors for the first time, a fact that made them more aware of the activities performed during week 1. That awareness probably faded away during week 2 because the participants became accustomed to wearing the devices. This lack of awareness resulted in “less” activities being reported in the second week than in the first week, as indicated by the results from the CHAMPS questionnaire. Systematic bias in light to moderate PA was attributed to the contribution of light PA because systematic bias was not demonstrated for moderate PA.
Although our results for the SWA cannot be put in perspective with the literature because (to our knowledge) no prior studies determined the reliability of PA measures from the SWA in free-living conditions, they can be compared with the results of studies of the ACT and the CHAMPS questionnaire. However, studies of the ACT and the CHAMPS questionnaire investigated the reliability of PA measures from each instrument separately rather than concurrently in the same study. Studies of the ACT were done with middle-aged and older adults who were healthy, and the reported ICCs ranged from .74 to .90.17,18 Although the ICCs from our study fall within the range of ICCs from those studies, their findings cannot be generalized to our population because older adults who undergo TKA tend to be less active than their younger counterparts who are healthy.20
Several studies with older adults who were healthy investigated the reliability of the CHAMPS questionnaire, and the reported reliability was lower than that in the present study (ICC=.62–.81).7,12,15,19 In a study with adults who had fibromyalgia, the reported reliability also was lower than that in the present study (ICC=.27–.76).29 Of these studies, only one involved a 1-week interval to determine the reliability of PA measured by the CHAMPS questionnaire, and the estimates reported in that study (ICC=.79–.81)19 were comparable to those reported in the present study (ICC=.82–.92). The lower ICCs reported in the other studies could be attributed to the longer time interval between test and retest, which ranged from 2 weeks to 6 months. Future, larger studies should investigate the comparative reliability of activity monitors and questionnaires with different test-retest intervals.
The present study also provides SEMs and MDCs for the PA measures and is unique in this regard. We are not aware of other studies reporting these indexes of measurement error of PA measured by the ACT, the SWA, or the CHAMPS questionnaire. The SEM and the MDC are based on the same units as the measurement (ie, min/d or steps/d) and are clinically helpful because they can be used to interpret changes in PA that are beyond measurement error. Although the SEM represents the value of the measurement error itself, the SEM is used in the MDC to compute a threshold within a defined level of statistical confidence that true change beyond measurement error has occurred.
We reported the MDC with 2 degrees of confidence, the MDC90 and the MDC95, to allow different levels of strictness for interpreting changes in PA over time. For instance, if the MDC90 were used for the duration of light PA measured by the SWA (53 min/d) and a person increased the duration of light activities by greater than 53 min/d, one could be 90% confident that there was a real change in PA that was beyond measurement error. Although 53 min/d seems to be a large change, activities falling in this intensity category (2–2.9 METs) included mopping, gardening, and slow walking, which were spread throughout the day and could be done by people with arthritis of the lower extremities.
When the magnitudes of PA durations were compared across instruments, we observed that measures from the ACT were consistently lower than those from the SWA and lower than those from the CHAMPS questionnaire for moderate and light to moderate PA. These findings are in agreement with those of some studies on the validity of the ACT and the SWA in other populations.8,9,14,37 In those studies, measures from the activity monitors were concurrently compared against indirect calorimetry (reference standard) in young to middle-aged adults who were healthy,8,37 older adults with chronic obstructive pulmonary disease,9 and older adults after TKA.14 Measures of PA from the SWA were reported to be closer (more accurate) to those of the reference standard than were those from the ACT. It was suggested that the SWA captured more activities than the ACT because of its placement on the upper arm and its multisensor technology. These characteristics enabled the SWA to detect most daily activities, including nonambulatory ones, which were less likely to be captured by the ACT, which was worn at the hip.14
To our knowledge, the present study is also the first to provide evidence about the comparative reliability of PA measured by activity monitors across different monitoring time frames. The magnitudes of PA measures indicated that the information provided during the 10-hour period from awakening may not be a good representation of daily activities despite the excellent reliability of PA measured during that time frame (ICC≥.85). In a comparison of the amount of PA data contained in the 10-hour period from awakening with that contained in the 24-hour period, the 10-hour time frame had 19% to 29% less data for moderate PA and light PA, respectively. The waking-hour time frame had only 0% to 5% less PA data than the 24-hour time frame. These differences between time frames are in line with the results of a study in which PA in adults who were healthy was measured by the ACT.38 In that study, a 10-hour period had up to 42% less PA data than a 14-hour period (waking hours).38 Therefore, the use of data from periods shorter than waking hours may result in an underestimation of daily PA because many people tend to spread out their activities throughout the day. Measuring PA during waking hours rather than for 24 hours can reduce the burden on participants because most of them feel uncomfortable wearing monitors while sleeping. Also, the data processing for waking hours is less cumbersome than it is for a 10-hour period from awakening.
Because PA measured during waking hours seemed to be more indicative of participants' daily activities, we also calculated the SEM from PA measured by the ACT and the SWA in each intensity category with waking hours as a reference. The magnitudes of the SEMs derived from PA measured during waking hours were similar to those for the 24-hour period. For light PA, moderate PA, and light to moderate PA and the number of steps, the SEMs from the ACT were 13.2 min/d, 4.9 min/d, 16.3 min/d, and 618 steps per day, respectively, and the SEMs from the SWA were 22.3 min/d, 9.9 min/d, 28.9 min/d, and 686 steps per day, respectively.
We acknowledge that the sample size in the present study was small. Although our primary analysis involved data from only 28 participants, this characteristic did not seem to have negatively affected the ICC results, as the values had generally narrow CIs. We also acknowledge that estimates of reliability and measurement error may be different for longer time intervals. In addition, although our sample was a good representation of people who undergo TKA for knee osteoarthritis, our results may not be generalized to older adults who are healthy and do not have dysfunctions of the lower extremities.
In conclusion, our results indicated that the reliability of the duration of PA measured by the SWA was better than the reliability of the duration of PA measured by the ACT across intensity categories and was also better than the reliability of measures of light PA from the CHAMPS questionnaire. Measuring daily PA with the ACT or the CHAMPS questionnaire may not be ideal because the ACT measures significantly less PA than the SWA and the CHAMPS questionnaire and because measures of light PA from the CHAMPS questionnaire were significantly different between weeks. Furthermore, it seems that monitoring of PA during waking hours provides reliable data that resemble those from a 24-hour time frame. The use of the waking-hour monitoring time frame may help reduce the burden on participants wearing activity monitors without compromising reliability.
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