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Abstract

Purpose—Logs are traditionally used for ascertaining accelerometer wear days in mail study 

designs but not all participants complete logs. Visual inspection of accelerometer output may 

supplement missing logs; however, no data are available on the validity.

Methods—We compared visual inspection with participant logs in 197 women (mean age = 71.0 

years). Women were mailed an accelerometer to be worn during waking hours for 7 days, marking 

each wear day on a log, before returning the accelerometer by mail. For every participant, we 

created a series of graphs of accelerometer counts by time of day (1 chart for each day with 

accelerometer output, including mail days). Two raters, masked to log wear status, independently 

inspected these graphs and scored each day as “worn” or “not worn”.

Results—The median (interquartile range) number of valid wear days using either visual 

inspection or log was 7 (7, 7). For rater 1, the sensitivity of visual inspection was 99.7% (95% 

confidence interval: 99.2%, 99.9%) and specificity 97.2% (95.2%, 98.6%); rater 2, 99.7% (99.2%, 

99.9%) and 97.0% (94.9%, 98.4%). Inter-rater agreement was 99.5%.

Conclusion—Visual inspection of accelerometer data is a valid alternative for missing 

participant wear logs when determining wear days in mail study designs.
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INTRODUCTION

Accelerometers are devices that allow for the objective assessment of physical activity, 

capturing movement in up to 3 axes in real time with minimal participant burden.(13, 15) 
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One challenge in processing accelerometer data is correctly identifying when the monitor 

was worn.(6, 7) Traditionally, researchers put accelerometers on participants at a first visit 

and remove them at a second, or provide them at a first visit with instructions to begin wear 

the next day for a given number of days before returning the monitor. Thus, the days of wear 

are known.(2, 8, 12) Using statistical algorithms to identify and eliminate additional non-

wear time (e.g. if the monitor was removed during showering or sleep) further reduces bias 

from incorrectly classified wear time.(3, 4, 12, 14, 15)

As accelerometer use becomes more common in research due to its decreasing cost, direct 

mail methods may be necessary to study large numbers of participants for logistical reasons. 

Such a protocol may result in accelerometers recording movements when in the mail (i.e., 

not true participant physical activity). While automated statistical algorithms exist to 

determine non-wear time(3, 4, 12), these algorithms were developed based on protocols with 

a face-to-face encounter between researcher and participant. Thus, solely using these 

algorithms for direct mail designs can overestimate wear time and bias physical activity 

measures, and restricting algorithm use only to participant reported wear days is 

recommended.(6)

However, requiring logs imposes an additional burden on participants, and not all will 

complete them. For example, in the Women’s Health Study, an ancillary investigation using 

a direct mail design is collecting 7 days of accelerometer-assessed physical activity in 

~18,000 women. About 10% of women who wore and returned their accelerometers did not 

return a wear log, resulting in meaningful missing data if logs are required to classify wear 

days.(6)

For participants with missing wear logs, visual inspection of the accelerometer output by 

raters may provide a means to use their data. However, there are no data on whether this is 

valid. In this study, we aim to compare determination of wear days and accelerometer-

assessed physical activity when using visual inspection by raters and participant-reported 

wear logs.

METHODS

Study sample

Participants were drawn from an ancillary study of the Women’s Health Study investigating 

accelerometer-assessed physical activity in relation to health outcomes. The study 

population and detailed methods have been previously described elsewhere.(7, 11) Briefly, 

women who agreed to participate and were able to walk outside the home without assistance 

(inclusion criteria) were mailed an accelerometer (ActiGraph GT3X+) and asked to wear it 

on their hip for 7 days during waking hours. In addition, women were instructed to indicate 

on a wear log the days when they wore the monitor (Figure 1). Women then returned the 

monitor and log by mail. The study was approved by the institutional review board of 

Brigham and Women’s Hospital.

Accelerometer data were screened for periods of wear using a standard algorithm by Choi et 

al.(3, 4) Briefly, non-wear time was defined as 90 consecutive minutes of zero counts across 
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all 3 axes, with an allowance of 2-minutes of nonzero counts provided there were 30-minute 

consecutive zero count windows up and downstream. As of 3 August 2012, 7650 women 

had returned an accelerometer and a wear log. For the present study, we randomly selected 

200 women of these women. We then excluded 3 women who had incomplete logs or did 

not have at least 1 day of at least 10 hours of wear time (conventional standard for a valid 

wear day) based on the Choi algorithm. This resulted in a final analysis sample of 197 

women (mean age = 71.0 (SD = 5.8) years).

Identification of wear days

Potentially valid accelerometer wear days were days of at least 10 hours of wear time based 

on the Choi algorithm. We then classified each of these potential wear days as a valid wear 

day or non-wear day using 2 separate methods: participant-reported wear logs or visual 

inspection by rater. The participant-reported wear logs served as the “gold standard”. We 

used only accelerometer data from days indicated as wear days on the participant log to 

estimate measures of physical activity.

For the visual inspection method, we created a series of graphs for each participant using the 

SGPANEL procedure in SAS 9.3, with each graph plotting a day’s accelerometer counts on 

the vertical axis and the time of the day on the horizontal axis. All accelerometer data, 

including from days in the mail, were charted (one graph per day up to an observed 

maximum of 28 days) (Figure 2). Two independent raters (MK and CS) who were masked 

to the log assessment of wear versus non-wear inspected these graphs to score each panel, 

which represents one day, as “worn” or “not worn”. Raters were minimally trained: 1) they 

first reviewed 2 or 3 participants’ data from a separate sample, with logs alongside that 

indicated which days were “worn” days, and 2) they were aware that participants were 

instructed to wear the monitor for 7 consecutive days. For this method, valid wear days 

required both visual inspection by rater and sufficient wear time by the Choi algorithm.

Statistical analyses

We calculated three classification measures: 1) sensitivity (probability of scoring a day as 

“worn” by visual inspection of accelerometer output, given this is a wear day based on the 

participant’s log) for each rater; 2) specificity (probability of scoring a day as “not worn”, 

given this is a non-wear day based on the participant’s log) for each rater; and 3) percent 

agreement between the raters.

To compare physical activity measures estimated from wear days identified using visual 

inspection or wear logs, we calculated the median (25th percentile, 75th percentile) of the 

participants’ daily average of wear time; time in sedentary behavior, light-intensity physical 

activity, moderate-to-vigorous physical activity; and number of steps. Physical activity 

intensity was classified according to the number of vector magnitude counts per minute: 

sedentary behavior: <200; light activity: 200 to <2690; and moderate-to-vigorous activity: 

≥2690 counts per minute.(1, 10) We tested for differences between estimates using visual 

inspection or wear logs with Wilcoxon Signed-Rank tests.
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RESULTS

The average number of days of collected accelerometer data, which included both days the 

participant wore the monitor as well as days in the mail, was 18.0 (SD = 4.0) days. After 

applying the Choi algorithm, the mean number of potential wear days was 9.0 (SD = 1.4). 

When restricting the potential wear days to only those indicated by participants as worn on 

the wear log, the mean decreased to 6.9 (SD = 0.5) days, consistent with study instructions. 

Using visual inspection in place of wear logs resulted in a similar average number of valid 

wear days (mean = 6.9 (SD = 0.6)).

Individual raters spent between 2.5 and 3 hours each to inspect daily graphs of the 197 

women. The median (25th percentile, 75th percentile) number of valid wear days whether 

identified using visual inspection or participant logs was 7 (7, 7). For rater 1, the sensitivity 

of identifying wear versus non-wear days using participant-reported wear logs as the gold 

standard was 99.7% (95% confidence interval (95% CI): 99.2%, 99.9%) and the specificity 

97.2% (95.2%, 98.6%). For rater 2, the sensitivity was 99.7% (99.2%, 99.9%) and the 

specificity was 97.0% (94.9%, 98.4%). The inter-rater percent agreement was 99.5%.

After using the visual inspection protocol to identify valid wear days, we reduced 

accelerometer data from these days to produce the following summary measures. The 

median daily wear time was 900.0 minutes; number of vector magnitude counts in thousands 

was 470.5; minutes/day of sedentary behavior was 493.3; minutes/day of light-intensity 

physical activity was 368.0; minutes/day of moderate-to-vigorous physical activity was 

20.7; and daily number of steps was 5173.6 (Table 1). Summary measures using participant-

reported wear days were: median daily wear time, 898.7 minutes; number of vector 

magnitude counts in thousands, 468.0; minutes/day of sedentary behavior, 493.3; 

minutes/day of light-intensity physical activity, 368.0; minutes/day of moderate-to-vigorous 

physical activity, 20.0; and daily number of steps, 5084.8. There were no significant 

differences (P >0.05) between any of these summary measures estimated from wear days 

identified by visual inspection or wear logs (Table 1).

DISCUSSION

To our knowledge, this is the first study to examine if in conjunction with statistical wear 

time algorithms visual inspection can be used, instead of participant wear logs, to validly 

classify the days on which an accelerometer is worn in a direct mail study design. We 

observed that two independent raters, masked to participant wear log status, classified wear 

versus non-wear days with sensitivity of >99% and specificity >97%, and with inter-rater 

agreement of >99%. The practical significance of these findings is that in large studies using 

a direct mail design: (1) accelerometer data among participants without wear logs (~10% in 

the Women’s Health Study(7)) can be salvaged, and (2) only one rater is needed to view 

accelerometer output to score wear days for participants with missing logs.

Several studies with face-to-face contact with participants have examined how to classify 

wear time by accelerometer data, wear-logs, or a combination of the two. Peeters et al 

showed that statistical algorithms examining accelerometer data reliably and accurately 
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determined wear time compared to wear-logs.(9) Two such algorithms, Choi et al and 

Troiano et al, have been validated against direct observation and 24-hr wear protocols, 

removing the need for wear diaries.(3, 4, 12) However, these algorithms have not been 

adapted for direct mail studies.

Direct mail studies, while logistically most feasible for large-scale studies, have a potential 

for bias because artifactual movements of the monitor in the mailing process can be 

improperly included as wear time by conventional algorithms.(3, 4, 12) In the Women’s 

Health Study, we have previously shown use of conventional automated algorithms over-

estimate the median number of wear days by 2 (~30 hours of additional wear time), if not 

restricted to days when participants indicated they wore the monitor.(6) However, 

participant-reported wear logs are not always available or complete; resulting in missing 

data. Visual inspection may supplement wear logs to maximally use the data collected, but 

this had not previously been tested for reliability or validity.

In this study, raters were able to validly classify wear versus non-wear days at a rate of 

approximately 75 participants per hour. While manually keying the data from the logs took 

longer (~40 participants/hour), the logs provided more information than simply if the 

monitor was worn that day, such as time the participant woke up or went to bed, time the 

monitor was removed during the day, or comments on types of activities engaged in during 

the day. Thus, logs may still be needed if investigators want such additional information.

The raters were intentionally given minimal instructions by which to classify days as “worn” 

or “not worn”. In short, they were aware of the instructions provided to the participants 

requesting the monitor be worn for 7 days during waking hours. Upon the conclusion of the 

visual inspection of the accelerometer data, rater 1 commented it became apparent that most 

participants wore the monitor for 7 days and generally had similar waking/bed times across 

the wear days. The rater utilized this daily pattern to help distinguish wear-days from the 

preceding mailing (non-wear) day. In addition, rater 1 highlighted a potential flaw of a day-

level analysis defined from midnight to midnight. For a few individuals, it was clear they 

were wearing the monitor past midnight. This may result in loss of the post-midnight wear 

data if the next day was classified as not worn. However, the potential data loss would only 

include the last day of wear if the rater identifies a sequential series of wear days. This 

misclassification is also inherent in available statistical algorithms for determining wear time 

in non-direct mail studies, as they conventionally use a “midnight to midnight” definition for 

each day of wear.

This study does have several limitations. We did not have a true gold standard for 

objectively determining wear time in the participants, such as heart rate or direct 

observation. We considered participant wear logs to be the gold standard, but participants 

could have incorrectly logged their wear days. Keadle et al found that while wear logs have 

missing data (particularly noting the time monitors were put on or taken off), documentation 

of whether the device was worn or not on a particular day was quite complete (≤2.2% 

missing data).(6) However, there is little literature examining how well logs are filled out 

compared to other standards. In addition, visual inspection was performed for each 

participant for the entire potential wear period using day “blocks” within one graph (Figure 
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2); thus individual, ordered days were correlated within a participant but analyses did not 

adjust for this correlation. Furthermore, visual inspection is a subjective assessment method 

and subject to rater variability. However, we observed inter-rater agreement to be >99%.

Women from the WHS were very compliant with the study protocol, with an average of 6.9 

wear days. This results in high sensitivity and specificity, which may not be seen among 

participants with few wear days. However, even in the general population, compliance is 

reasonably high among those who agree to participate and wear an accelerometer; thus, the 

limitation may not be major. For example, among comparably aged women in NHANES 

who wore the monitor for at least one day, 80% had at least 5 days of valid wear.(12) It is 

also possible that women who returned a log (and thus were eligible for this study) are 

different from those who did not. However, when comparing wear time as assessed using 

the Choi algorithm for women who returned a log versus those who did not, the times were 

similar. Finally, these data were collected from older, mostly White women with higher 

socio-economic status than the general population, and who were somewhat more active 

than nationally-representative samples of similarly aged women,(5, 11) which may limit the 

generalizability of findings. Future studies that incorporate other technology such as body 

sensors may remove the need for logs or visual inspection.

In conclusion, in direct mail study designs, visual inspection of accelerometer data by a 

single rater with minimal training is a valid and reliable alternative to participant wear logs 

for determining the days on which an accelerometer is worn if participants have missing 

logs, allowing maximal use of data collected.
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Figure 1. 
Activity monitor wear log, Women’s Health Study. Participants were instructed to indicate 

on the log when they wore the monitor.
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Figure 2. 
Screenshot of the visual inspection interface for one participant. Graphs display counts 

plotted against time of day, sequentially for each day. The maximum number of days with 

accelerometer output was 28 days in this study. For this particular participant, there were 13 

days of output data.
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Table 1

Wear time and physical activity according to visual inspection or wear log protocol in 197 women, Women’s 

Health Study

Visual Inspection Wear Log P Difference

Wear time (min/d) 900.0 (848.3, 950.3) 898.7 (846.9, 947.4) 0.90

Total counts per day (in 1000s) 470.5 (372.5, 578.1) 468.0 (372.5, 574.7) 0.46

Sedentary behavior (min/d) 493.3 (443.4, 574.1) 493.3 (442.3, 574.1) 0.30

Light activity (min/d) 368.0 (312.7, 417.6) 368.0 (312.7, 415.6) 0.43

Moderate-to-vigorous activity (min/d) 20.7 (8.9, 37.4) 20.0 (8.9, 37.4) 0.95

Steps per day 5173.6 (3852.1, 7331.9) 5084.8 (3836.1, 7384.6) 0.86

Estimates were calculated using accelerometer data from wear days, as determined by the particular protocol. Data from wear days, as identified 
under each protocol, were processed using the Choi wear time algorithm.(3, 4) Estimates are medians (25th percentile, 75th percentile) unless 
otherwise specified. P-value for difference between visual inspection and wear log was calculated by Wilcoxon Signed-Rank test.
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