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Abstract: This systematic review
examined the extent to which lifestyle
physical activity interventions that

used wearable devices (eg, pedomelters,
accelerometers) reported on the length
of device wear time requested in their
protocols, criteria_for analytic inclusion
of data, and participant compliance
with device use protocols. Literature
were searches were conducted using
PubMed, Cochrane Central Register,
and PsychInfo. Studies were included if
they were the main outcomes paper of
a trial that reported on a randomized
or quasi-randomized trial focused on
increasing lifestyle physical activity
and were published between January

1, 2006 and March 30, 2016. Titles and
abstracts were screened by 2 independent
reviewers; eligible full texts were retrieved
and reviewed by 2 independent reviewers.
A total of 104 studies used wearable
devices (n= 57 pedomelers, n=47
accelerometers). Most studies (n = 65,
67.3%) asked participants to wear devices
Jor 7 days. Almost balf of the studies (n
=406, 44.2%) did not report minimum
device wear time required for analytic
inclusion of data, and variation existed
among studies reporting these criteria.
Most studies (n= 60, 57.7%) did not report

average device wear time, or participant
compliance with device wear. Overall,
there was heterogeneity in reporting of
physical activity device data. Refinement
and streamlining of guidelines for device
use, analysis, and reporting of data could
improve comparability across studies.

INnterventions

31.1% of adults worldwide can be
classified as physically inactive.” One
strategy to raise population levels of
physical activity is the development and
testing of behavioral interventions to
promote lifestyle physical activity,
focusing on increasing leisure-time

! Overall, there was immense
heterogeneity in all aspects of the
reporting of physical activity device
use in the context of the lifestyle
physical activity intervention

studies re
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ile the health benefits of
physical activity are well
documented, including

. . . 1
reduced risk of several chronic diseases,

aviewed...

physical activity with account for the
cultural and environmental contexts in
which individuals carry on their everyday
lives.** Despite a lack of a “gold
standard” of physical activity
measurement,” there is nonetheless an
increased expectation to use wearable
devices (eg, pedometers, accelerometers)
for the objective measurement of physical
activity intervention outcomes.” Evidence
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to support the validity and reliability of
wearable devices for capturing levels of
and changes in physical activity6 have
been established in controlled physical
activity studies, but less is known about
the use of these tools in more general
lifestyle interventions (ie, conducted in
the field as opposed to in highly
controlled or supervised settings).

There is a need for researchers to
report on factors related to wearable
physical activity devices in their research,
in particular protocols for data collection,
criteria for data inclusion, and analysis
procedures. Knowledge of these data can
aid in interpretation of the results of
study outcomes by the scientific
community. First, researchers should
report how participants were instructed
to wear the device (eg, study protocols
often ask participants to wear a device
during all waking hours except for
during water-based activities). Second,
researchers should report their criteria
for inclusion of the device data in their
analyses based on parameters related to
the data collection (eg, participants may
be asked to wear a device for 7
consecutive days during all waking
hours,” but their data may be included
only if they wear the device for a
minimum of 4 days each with 10+ hours
of wear time). Third, researchers can
report the extent to which participants
were compliant with the instructions and
measurement protocols (eg, percentage
of participants who wore their device for
the minimum required time required for
analytic inclusion). Comprehensive
reporting on the range of factors relating
to device data collection and analysis
procedures would help other researchers
interpret the results of a study, assess the
quality of the data, and draw meaningful
comparisons across studies.

The goal of this systematic review is to
evaluate the extent to which lifestyle
physical activity interventions that use
wearable devices for the measurement of
physical activity outcomes report on the
measurement protocols, criteria for
analytic inclusion of data, and participant
compliance with device use protocols.
This review is a secondary analysis of
data abstracted for a systematic review of

the physical activity measurement tools
used in lifestyle interventions.”

Materials and Methods
Data Sources

This study used data from a systematic
review of lifestyle physical activity
interventions; complete details of the
review have been published elsewhere.’
Briefly, a computerized search was
conducted using 3 databases, PubMed,
Cochrane Central Register, and
Psychinfo, searching for peer-reviewed
original research published between
January 1, 2006 and March 30, 2016.
Keywords used in the searches included
(“physical activity” OR “physical
activities” OR “exercise” OR “leisure time
physical activity” OR “leisure time
physical activities”) AND (“intervention”
OR “interventions” OR “randomized
controlled trial” OR “comparative study”
OR “clinical trial”).

Inclusion and Exclusion Criteria

To be included in the review, studies
had to be randomized controlled trials or
quasi-experimental interventions focused
on increasing lifestyle physical activity
among adults (>18 years of age) and
published in English. Only primary data
reports (no secondary analyses) were
included.

Data Extraction

Titles and abstracts of identified studies
were screened by a group of 5 reviewers
(CFH, ALC, CNM, MS, VJS). Each title and
subsequent abstract were screened by 2
independent reviewers and discrepancies
were discussed until consensus of
inclusion or exclusion was reached. All
reviewers were rotated through pairs, such
that they were assigned to screen a portion
of titles and abstracts with each other
reviewer. Interrater agreement (IRA) for
titles was 99.6% agreement and for
abstracts was 89.7% agreement. Full texts
of the remaining eligible articles were
retrieved and screened by 6 reviewers
(CFH, DEJS, ALC, CNM, MS, V]S) using a
standardized data abstraction form in
REDcap. Each full text was screened by 2
independent reviewers and discrepancies
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in data abstraction were discussed until
consensus on the coding was reached. All
reviewers were rotated through pairs, such
that they were assigned to screen a portion
of full texts with each other reviewer. The
present review only includes information
about the articles reporting on objective
measures of physical activity. The data
include details on the measurement tools
used, data collection protocols, criteria for
analytic inclusion, and participant
compliance with measurement protocols.

Type of Physical Activity Measurement
Tool. Reviewers coded the measures
used in the study, selecting all applicable
measures used in the study from a list of
tools (eg, pedometers, accelerometers,
heart rate monitors, multi-sensor devices,
self-report; IRA=92.2%). Multisensor
devices (eg, BodyMedia armbands), were
excluded from the present analysis due
to small sample size (n = 3) and lack of
comparability to other devices (eg,
collection of many additional metrics
such as body temperature and heart rate
with varying standards for data
collection). Studies that used both
pedometers and accelerometers for
physical activity outcomes (n = 4) were
counted once in each category.

Length of Device Wear Time Requested in
Protocol. Reviewers coded how long
participants were asked to wear the
device during the measurement period
via open response (eg, 7 days, 10 hours
a day for 1 week; IRA = 83.5%).

Criteria for Analytic Inclusion of

Data. Reviewers coded the amount of
physical activity data required for each
participant to be included in the analyses
via open response (eg, 4 days with 10
hours of data; IRA = 87.4%).

Average Device Wear Time and
Participant Compliance. Reviewers coded
if the study reported the amount of time
participants wore the device during the
measurement periods. Data on wear time
and compliance were categorized in the
following manner: study reported average
device wear time (eg, an average of 5
days with 14 hours of wear time) and/or
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the study reported information about how
many participants had data that met the
criteria for analytic inclusion (eg, 75.5% of
participants had at least 4 days with 12
hours of wear time; IRA = 81.6%).

Data Synthesis

Descriptive analyses of the abstracted
studies included frequencies and
proportions of studies using different
measurement tools, measurement
protocols, and criteria for analytic
inclusion. Statistical analyses were
conducted using SAS version 9.4 (SAS
Institute, Cary, NO).

Results

The systematic literature search yielded
a total of 13 718 unique articles (Figure 1).
Of those, 10 903 were excluded based
on the title review, leaving 2815 articles
for abstract review. Of these, 1498 were
excluded, leaving 1317 for full text
review. Overall, 103 studies used
objective physical activity measures, of
which 3 used multisensor devices and
were excluded, leaving 100 studies for
inclusion in the present analysis. The
full list of included articles is available
in the Supplemental Material (available
online).

Results of Data Abstraction

Type of Physical Activity Device. Of the
100 studies using an objective measure
of physical activity, 53 used pedometers,
43 used accelerometers, and 4 used
both pedometers and accelerometers.
For the purposes of our analyses,
studies that used pedometers and
accelerometers were counted as a
separate study under each device type,
yielding an analytic sample of 104 study
entries (Figure 1).

Length of Device Wear Time Requested in
Protocol. Most of the studies (n = 70,
07.3%) reported that participants were
asked to wear a physical activity device
for exactly 7 days during the outcome
measurement periods (Table 1). An
additional 7 studies (6.7%) did not report
how long participants were asked to
wear a device.

Criteria for Analytic Inclusion of

Data. Overall, about half of the studies
(n = 46, 44.2%) did not report the
minimum number of days or hours
required to include a participant’s data in
their analysis, although more studies
using accelerometers than pedometers
reported their criteria for analytic
inclusion (n = 35 vs n = 23; Table 2). Of
the 58 studies that reported on the
minimum data needed for inclusion in
analysis, there was considerable variation
in the criteria used. Over half (n = 24,
51.1%) of the studies using
accelerometers studies and over a third
(n=21, 37.5%) of the studies using
pedometers reported a requirement for
at least 3 valid days of participant data
for inclusion in the analysis. The most
common set of criteria for analytic
inclusion of pedometer data was 3 days
(n =6, 10.5%) and accelerometer data
was 3 days with at least 10 hours of wear
time (n = 7, 14.9%).

Average Device Wear Time and
Participant Compliance. Most studies
did not report on average device wear
time or percent of participant compliance
with measurement protocols (n = 60,
57.7%), and more studies using
pedometers than accelerometers lacked
this information (n = 40 vs n = 20,
Table 2). By device type, 29.8% (n =17)
of studies using pedometers and 57.4%
(n =27) of studies using accelerometers
reported on participant compliance with
measurement protocols (Table 3).

Discussion

Overall, there was immense
heterogeneity in all aspects of the
reporting of physical activity device use
in the context of the lifestyle physical
activity intervention studies reviewed,
including measurement protocols, criteria
for analytic inclusion of data, and device
wear time and participant compliance
with measurement protocols. While some
variation in reporting and criteria used is
to be expected, our findings show that
there is a great deal of diversity in cut-
points used and lack of standardized
reporting.

Nov ¢ Dec 2021

Our results demonstrate the lack of
consistency across studies in terms of the
criteria used to determine analytic
inclusion of device data. While there are
no set protocols for data inclusion, there
is a precedent to follow the
recommendations that have been
established through longitudinal and
intervention research, providing
suggestions about of the minimum
number of hours and days needed to
provide a reliable estimate of physical
activity in adults.**" For pedometer
data, a2 minimum of between 2 and 4
days of measurement data are
recommended for a reliable
estimate,lo‘lz'lé while for accelerometer
data, the number of days of data
required depends on the outcomes of
interest. A minimum of 2 days of
accelerometer data is recommended for a
reliable measure of steps per day, 3 days
of data are recommended for an estimate
of total physical activity and time spent
in moderate- to vigorous-intensity
physical activity, and a minimum of 6
days are required to examine continuous
10-minute bouts of moderate- to
vigorous-intensity physical activity.
Analyses of accelerometer data from the
NHANES (National Health and Nutrition
Examination Survey) used a minimum of
4 days with 10 hours of wear time to
estimate the percentage of adults and
children meeting national physical
activity recommendations.” In our
sample, only 21 (36.8%) of the studies
using pedometers reported that they
used the criterion of a minimum of 3
days of data for inclusion, while only 8
(17.0%) of the studies using
accelerometers used the criteria of 4 days
with at least 10 hours of wear time for
inclusion. Furthermore, 46 (44.2%) of
studies did not report the criteria they
used to determine analytic inclusion,
limiting the interpretability of their
results.

One possible explanation for the lack
of reporting consistency in the use of
established cut-points for analytic
inclusion could be the diverse fields that
the included studies come from. Lifestyle
physical activity interventions are
designed and implemented in a range of

12,13,17
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Figure 1.

Flow diagram of article inclusion and exclusion.
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Table 1.

Nov ¢ Dec 2021

Number of Days of Physical Activity Device Wear Time Requested in Measurement Protocol of Included Studies (n = 104) by Device

Type.

Studies Using Pedometers
(N =57), n (%)

Number of Days

(N =47), n (%)

Studies Using Accelerometers

Total Studies (N = 104),
n (%)

Entire intervention 11 (19.3) 5(10.6)° 16 (15.4)
Not reported 6 (10.5) 1(2.13) 7(6.7)
®Range 28 to 180 days.
PRange 42 to 336 days.

contexts (eg, community centers, health
care facilities, web-based interventions)
by researchers and practitioners with
diverse specializations that may fall
outside of physical activity (eg, nursing,
nutrition). With little guidance or
expertise in physical activity
measurement, researchers may find it
challenging to select and incorporate a
measurement tool that best matches the
needs of their study." Furthermore, with
little standardization in measurement
adherence and compliance protocols,
researchers may lack an in-depth
understanding of physical activity
devices or the skills to report their

outcomes based on published guidelines.

However, despite the absence of rigid
guidelines for physical activity
measurement, future research should
strive to report on the range of factors
reported here (eg, measurement
protocols used for data collection and
analysis, participant compliance with
protocols) to increase consistency.

The lack of consistency in reporting of
physical activity protocols, adherence to

device use instructions, and data analysis
procedures has important implications
for research and public health practice.
Critically, it limits the ability of experts
to interpret study results, compare
results across studies, and ultimately
learn from what works well and for
whom. Ultimately, standardized
reporting of study procedures and
results is a critical factor for researchers
to be able to justify the validity,
reliability, and impact of their
outcomes." The results of the present
study demonstrate a need for improved
consistency of reporting on the use of
physical activity devices for
measurement, including protocols used
to instruct participants on device use,
criteria for analytic inclusion, and
average participant wear time or
compliance to measurement protocols.
The findings of the present review
should be interpreted in the context of
several limitations. First, the review was
limited to studies available through
electronic databases and did not include
conference proceedings or unpublished

studies. Second, the review was limited
to articles published in English, limiting
the inclusion of international articles and
potentially limiting the generalizability of
the findings. Third, although extensive
efforts to locate the full texts of articles
were made, there was a small number (n
= 2) of articles that were excluded from
further review because a full text could
not be obtained. Fourth, studies where
physical activity was not the primary
outcome were excluded from this review,
such as studies that focused on weight
loss or other chronic disease outcomes.
Thus, the results of this review may not
be generalizable to studies where
objectively measured physical activity is
a secondary outcome. Finally, because of
constraints on data abstraction, this
review does not include 2 additional
important dimensions of physical activity
measurement—device placement (eg,
hip or wrist) and inclusion of weekday
vs weekend days of device wear. These
variables could also affect adherence to
measurement protocols and should be
reported alongside physical activity
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Table 2.

Criteria Used to Determine Analytic Inclusion of Physical Activity Device Outcome Data in Included Studies (n = 104), by Device
Type.

Studies Using Pedometers  Studies Using Accelerometers  Total Studies (N = 104),

Criteria Used (N =57), n (%) (N =47), n (%) n (%)
100 steps 1(1.8) 0(0) 1(1.0)
>1000 steps 1(1.8) 1(2.1) 2(1.9
6 hours 0(0.0) 1(2.1) 1(1.0)
8 hours 0(0) 1. 1(1.0)
10 hours 0(0) 4(8.5) 4(3.8)
1 day, 4 hours 0(0) 1(2.1) 1(1.0)
3 days 6 (10.5) 0(0.0) 6 (5.8)
3 days, 100 steps 1(1.8) 0(0) 1(1.0)
3 days, 1200 steps 0(0) 1(2.1) 1(1.0)
3 days with highest step count 1(1.8) 0(0) 1(1.0)
3 days, 6 hours 0(0.0) 1(2.1) 1(1.0)
3 days, 8 hours 1(1.8) 1(2.) 2(1.9)
0(0) 12.1) 1(1.0)
3 days, 8% hours
3 days, 8 hours, 500 steps 1(1.8) 0(0) 1(1.0)
3 days, 10 hours 1(1.8) 7(14.9) 8(7.7)
4 days 3(5.3) 1(2.1) 4(3.8)
4 days, 8 hours 0(0) 1(2.1) 1(1.0)
4 days, 10 hours 0(0) 5(10.6) 5(4.8)
5 days 2(3.5) 2(4.3) 4(3.8)
5 days, 8 hours 1(1.8) 1(2.1) 2(1.9)
5 days, 10 hours 0(0) 2 (4.3) 2(1.9)
6 days 1(1.8) 0(0.0) 1(1.0)
7 days, 8 hours 1(1.8) 0 (0.0 1(1.0)
7 days, 10 hours 0(0) 1(2.1) 1(1.0)
4 weeks, 6 hours 0(0) 1@2.1) 1(1.0)
All 56 days 1(1.8) 0(0) 1(1.0)
Not reported 34 (59.6) 12 (25.5) 46 (44.2)
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Table 3.

Nov ¢ Dec 2021

Criteria Used to Determine Average Wear Time and Participant Compliance With Physical Activity Device Measurement Protocols of
Included Studies (n = 104), by Device Type.

Studies Using Pedometers

Studies Using Accelerometers

Total Studies (N = 104),

Criteria (N =57), n (%) (N =47), n (%) n (%)
Average wear time of device 5(8.8) 11 (23.4) 16 (15.4)
Number of participants 9(15.8) 11 (23.4) 20 (19.2)
meeting criteria for analytic
inclusion
Average wear time and 3(5.3) 5(10.6) 8(7.7)
number participants
meeting criteria for analytic
inclusion
Not reported 40 (70.2) 20 (42.6) 60 (57.7)
results to improve interpretation of data. Funding Activity Series Working Group. Effect

Despite these limitations, the present
review represents a novel overview of
the reporting of physical activity
measurement data and analysis criteria in
lifestyle physical activity interventions.

Conclusions

Measuring physical activity in the
context of lifestyle physical activity
interventions is critical to understanding
the extent to which studies are
stimulating meaningful changes in
behavior. Results of this study indicate a
need for improved reporting to harness
the full benefits of using objective
measures including the ability to
compare outcomes across studies and
summarize physical activity results to
advance the science of lifestyle
interventions.
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