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Abstract

BACKGROUND: In 2005, investigators convened by the National Cancer Institute recommended
development of standardized protocols for accelerometer use and reporting decision rules in
articles. A literature review was conducted to document accelerometer methods and decision rule
reporting in youth physical activity articles from 2005-2010.

METHODS: Nine electronic databases identified 273 articles that measured physical activity
and/or sedentary behavior using the most-used brand of accelerometer [Actigraph]. Six key
methods were summarized by age group (preschool, children, and adolescents) and trends over
time were examined.

RESULTS: Studies using accelerometers more than doubled from 2005 —2010. Methods included
2 ActiGraph models, 6 epoch lengths, 6 non-wear definitions, 13 valid day definitions, 8 minimum
wearing day thresholds, 12 moderate-intensity physical activity cut points, and 11 sedentary cut
points. Child studies showed the most variation in methods and a trend toward more variability in
cut points over time. Decision rule reporting improved, but only 54% of papers reported on all
methods.

CONCLUSION: The increasing diversity of methods used to process and score accelerometer
data for youth precludes comparison of results across studies. Decision rule reporting is
inconsistent, and trends indicate declining standardization of methods. A methodological research
agenda and consensus process are proposed.

INTRODUCTION

Because of the worldwide increase in overweight and obesity in youth, there is a growing
interest in the promotion of physical activity in these age groups. However, to draw
meaningful conclusions about physical activity prevalence and outcomes of interventions,
valid, reliable, and feasible measures are needed. Parent or self-report measures of physical
activity are commonly used and can provide useful information about the context of physical
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activity, but these methods are limited by biased reporting and low validity.12 Consequently,
objective methods, especially accelerometers, to assess physical activity in children and
adolescents are becoming increasingly used. Several reviews concluded that accelerometers
provide an accurate, reliable, and practical objective measure of physical activity in children
and adolescents.3-8 The feasibility of accelerometer use in large studies is illustrated by their
use in a nationally representative sample of the United States population, aged 6 years and
above, in the National Health and Nutrition Examination Survey (NHANES).”

Nonetheless, there are recognized methodological challenges related to accelerometer use
and they were outlined in a special issue of Medicine and Science in Sports and Exercise
(2005), ‘Gaps and Challenges in the Science of Accelerometry’. Ward and colleagues® made
recommendations for future research and best practices for accelerometer use. An important
recommendation was for researchers to state their methodologic “decision rules’ (i.e. choice
of epoch length for recording data, criteria for valid days and number of wearing days, etc.)
in articles. A clear description of these decision rules can allow comparison among studies
and facilitate the analysis process. Moreover, Ward et al.8 called for development of
common practices and guidelines when using and scoring accelerometers with children and
adolescents. Other researchers like Rowlands® and Trost and colleagues® also emphasized
the need for standardized protocols for accelerometer use.

The recommendations published by Ward et al.8 in 2005 formed the basis of the present
review, with the goal of documenting the evolution of accelerometer methods in children and
adolescent studies from 2005-2010. As a first aim, we examined which methods
(accelerometer model, epoch length, non-wear time, valid days, minimum number of valid
wear days, and cut points) were reported and whether there was a trend for researchers to
apply more standardized accelerometer protocols. Secondly, we investigated whether there
has been an increase in reporting the specific ‘decision rules’ in accelerometer studies since
2005. To achieve these aims, we conducted a detailed review of the accelerometer methods
in published physical activity studies in preschoolers (<6 years), children (6-11 years), and
adolescents (12-18 years).

The present review focused on six key methodological issues related to accelerometer data
collection and scoring: accelerometer model, epoch length, definition of non-wear time
within a day, definition of a valid day, required number of valid wear days, and the choice of
cut points for various intensities of physical activity and sedentary behavior.

Accelerometer model

Numerous accelerometer models are commercially available, but a systematic review
concluded that the ActiGraph (Pensacola, FL) had the largest body of evidence to support its
usel0 and was the most commonly used accelerometer in physical activity research.
Therefore, the review was limited to studies using the ActiGraph. In 2005, a new model of
ActiGraph (the GT1M) was developed and its comparability with the older model (7164) is
still being examined. Some studies have shown comparability between models in moderate-
to-vigorous physical activity (MVPA),11-13 while others have shown differences in overall
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counts and on the lower end of the spectrum (i.e., sedentary and light activity).11 The newer
ActiGraph requires a higher acceleration to record a nonzero count than the older 7164
models* so the comparability of data across ActiGraph models remains uncertain.

Epoch length

The epoch is the amount of time over which activity counts are integrated and recorded, and
it affects estimates of moderate-to-vigorous physical activity in children.15-17 Because of the
limited memory capacities of earlier accelerometer models, a 1-minute epoch has been the
most commonly used, but shorter epochs appear to more accurately record the intermittent,
short bursts of physical activity common in young people.>°

Processing data

Accelerometers produce large data sets that have grown more complex with the introduction
of 3-axis models. Although software programs for screening and scoring accelerometer data
are now available (MeterPlus (www.meterplussoftware.com), NHANES SAS program
(http://riskfactor.cancer.gov/tools/nhanes_pam), Kinesoft (www.kinesoft.org)), the specific
procedures for processing data remain important concerns and affect outcomes. For
example, one issue is how researchers define overall ‘wear time,” which is important
because non-compliance with data collection protocols is common. There is a sequence of
decisions that define ‘wear time’: (a) definition of non-wear time within a day, (b) definition
of a valid day, and (c) number of valid wear days for a record to be considered sufficiently
reliable and representative of typical behavior. These data processing decisions have the
potential to affect sample sizes and physical activity estimates.18

Non-wear time within a day.—Non-wear time is typically identified by summing the
number of consecutive ‘0’ counts per minute (cpm), and “wear time” is then calculated by
subtracting non-wear time from total possible time. However, it is important to differentiate
between ‘0’ counts that are due to: 1) wearing but being sedentary, which can result in ‘0’
counts, and 2) true not wearing, either per instructions (sleeping, swimming, etc.) or due to
poor compliance with the wearing protocol. To complicate this issue, sporadic non-zero
counts can occur within strings of *0” counts due either to small movements by the person
wearing the accelerometer or by incidental movement during non-wear periods (e.g., jostled
while on the nightstand). Some non-wear algorithms allow for a small number of non-zero
counts during non-wear time (e.g., up to 2 consecutive minutes <100 cpm).’

Definition of a valid day.—A valid day is typically defined by a minimum number of
wearing hours but can be determined in other ways such as calculating study-specific ratios
(e.g., 70/80 rule where valid is 80% of a time period defined by 70% of the sample having
data)9 or applying a minimum and maximum counts per day threshold (e.g., <10,000 and
>20,000,000 excluded).2® The definition might be different for weekdays and weekends and
may also differ by age. Ward and colleagues® suggested that adolescents need more daily
wear time to be representative of usual activity than children, for example. The more wear
time required per day, the greater the reduction in valid days and sample sizes.2!
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Minimum number of valid wear days.—The final decision in defining overall wear
time is the number of valid wearing days required to represent ‘usual’ activity.
Recommendations typically range from 3 to 10 days322 and reliability estimates differ by
age and sex.23-24 Ward and colleagues8 suggested that 7 days might be a reasonable
standard for all ages. It is recommended that at least one weekend day is required to obtain
reliable estimates.8:925 The number of wear days required also impacts sample sizes. Some
studies accept fewer days and use imputation or probability methods to maximize sample
sizes,”19 while other studies apply a more stringent requirement for wear days and place a
greater emphasis on boosting compliance rates.26-27

Moderate-to-vigorous physical activity (MVPA): A proliferation of published
thresholds or cut points to translate accelerometer counts into minutes of physical activity
has produced an ongoing debate about which cut points to use in research. The choice of
MVPA cut points has a tremendous impact on study comparability, and numerous studies
have shown large differences in physical activity prevalence depending on the choice of cut
points.32:28-34 Cut points can vary based on the results of studies that have “calibrated”
accelerometers by defining counts per minute in relation to physical activity intensity.
Calibration studies have been conducted in laboratories and field settings and have used a
wide variety of methods.3® At a 4 MET intensity (i.e., 4 times resting energy expenditure),
recommended counts per minute have ranged from 1400 to 3600.25:36-37 Another source of
variation is the selection of MET definitions of MVVPA, with common definitions ranging
from 3 to 4.6 METs.25:36.38 To add complexity, some calibration studies recommended age-

specific cut points,25:36:39-40 and others used the same cut points for all ages.
34-35,37-38,41-42

Sedentary behavior: Sedentary behavior has been identified as a chronic disease risk
factor that is independent of physical activity.*3 Low counts per minute from accelerometry
can be used to measure sedentary time.38:41-42 Similar to the issues with MVPA cut points,
numerous cut points have been created to classify sedentary behavior. Two studies have
shown that the choice of a sedentary cut point can change estimates by more than 4 hours
per day in preschoolers.34

Review Methods

An electronic search of studies published in 2005-2010 was conducted through EBSCOhost
and PubMed using the following databases: MEDLINE, Academic Search Premier,
CINAHL Plus with Full Text, ERIC, MAS Ultra - School Edition, PsycARTICLES,
PsycEXTRA, PsycINFO and SPORTDiscus. The literature search used any of the following
keywords to capture accelerometer data collection: ‘accelerometer’, ‘accelerometers’,
‘accelerometry’, ‘CSA’, “activity meter’, “MTI’, “actigraph’, OR “activity monitor’ in
combination with (using the Boolean term AND) any of the following keywords to represent
physical activity: ‘physical activity’, ‘“MVPA’, “intensity’, ‘threshold’, sedentary’,
‘moderate’, ‘vigorous’, ‘cut points’, “‘cutpoints’, ‘cut-points’, OR ‘METS’.
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Inclusion criteria included a) studies reporting accelerometer-based physical activity or
sedentary outcomes, b) studies of youth aged 0-18 years, and c) full text English language
publications. Exclusion criteria included a) studies not using the ActiGraph accelerometer
(Pensacola, FL; www.theactigraph.com), b) studies of adults >18 yrs of age, ¢) studies not
reporting ambulatory movement (e.g., sleep studies), d) methodological papers, review
papers, editorials, and comments, and e) studies with less than 1 complete day of
accelerometer monitoring (e.g., school recess studies).

The initial literature search yielded 3020 articles. After applying an age criterion of 0-18
years and removing 6 duplicate references, 573 articles remained. These abstracts were
reviewed for inclusion before obtaining the full text articles. Exclusion details are outlined in
Figure 1. After excluding 300 articles (264 based on reviewing the abstract and 36 after a
complete review of the article), 273 were deemed suitable for this literature review.

Avrticles were abstracted by 2 reviewers and discrepancies were resolved by a third reviewer.
The following information was extracted from each paper: study characteristics (e.g.,
authors, year, study name, study aims, age), sample size, ActiGraph model, epoch length,
wear time definitions (i.e., non-wear time within a day, number of valid hours, minimum
number of wear days required, number of weekend days required), cut point for moderate
physical activity, cut point for sedentary behavior, and other relevant methods. If any of the
above information was missing from the articles, the variable was coded as ‘missing’. When
authors referenced other papers for accelerometer methods, the referenced articles were
reviewed and if the methods were not reported, the variable was coded as ‘missing’. When
methods were described in an unclear way, they were also coded as ‘missing’. In some
cases, the reference did not match reported cut point values. These were flagged for
incorrect reference but the reported value was retained (not coded as ‘missing’).

Results were summarized for the whole age range and according to age group: preschoolers
(< 6 yrs or specific reference to “preschool”), children (6-11 yrs or specific reference to
elementary or primary school), and adolescents (12-18 yrs or specific reference to
secondary, middle, or high school). When the age range spanned categories, mean age or
mid-point age (if mean was not available) was used to determine the age category. Papers
were sorted by study name and when more than one paper from the same study was
discovered, the methods were compared. The studies describing identical methods or using
the same reference for methods were grouped together as one ‘study’ and included only
once in the summary table (Table 1). Incomplete methods were filled in from same-study
papers where feasible to obtain the most complete report possible. The most recent reference
within the same-study papers was used for the year of publication. Studies that published
papers at different stages of the study (e.g., TAAG: Trial for Activity in Adolescent Girls), or
analyzed data from different cohorts (e.g., EYHS: European Youth Heart Study), were
grouped together by participant characteristics. For example, within the TAAG set of papers,
there were 3 “studies’ (included 3 times in the summary table): 6th graders, 8" graders, and
6t & 8t graders combined. Groupings were also made within studies when different cut
points were used. For example, within the EYHS set of papers, there were 6 ‘studies’: 9 yr
olds (Freedson cut points),22:36 9 yr olds (EYHS cut points),**~4> 9 & 15 yr olds (Freedson
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cut points), 9 & 15 yr olds (Treuth cut points),38 9 & 15 yr olds (EYHS cut points), and 9 &
15 yr olds (counts only).

Papers were coded by publication year and divided into 3 groups: 2005-2006, 2007-2008,
and 2009-2010. Because the selection of cut points has created the most controversy in the
field and has consistently been shown to impact the comparability of results, we plotted the
distribution of the most commonly used thresholds by year to examine whether researchers’
choices have become more homogeneous over time (Figure 2 and Figure 3). The frequencies
of ‘missing’ methods were also plotted to examine whether reporting on the key issues
improved since 2005 (Figure 4). In addition to examining each method separately, a
‘reporting’ score was calculated for each article; number of methods reported divided by the
total number of relevant methods, out of 6 possible. Reporting scores were plotted by
publication year (Figure 5). Methods not relevant to an article were not included in the
denominator (e.g., an article reporting only activity counts would not have a ‘cut points’
variable in the denominator).

The results of the literature review are presented in the Review Table (see Supplemental
Appendix for Review Table and references). A total of 273 articles (25 preschool, 140 child
and 108 adolescent) were included in this review. The distribution of articles by year from
2005-2010 was 27, 37, 46, 55, 62 and 46, respectively.

After grouping papers from the same studies (as described above), it was determined that the
273 identified articles actually represented 183 studies (21 preschool, 94 child, and 68
adolescent), which were used as the basis for the summary of the key methodological issues
(Table 1). The key findings are outlined below.

Year of publication

Thirty-eight of the studies in Table 1 were published in 2005-2006, 60 in 2007—2008, and
85 in 2009-2010. While increases in accelerometer studies were seen in all age groups, the
largest increase was seen in child studies with more than a threefold increase from 14 to 47
from 2005-2006 to 2009-2010, respectively.

Accelerometer model

Since 2005, two ActiGraph models were used: the older 7164 model (previously referred to
as the ‘CSA”), and the newer GT1M. The majority of studies across all age groups used the
older models. The GT1M first appeared in articles in 2007, with about 7% of studies
reporting using it. This increased to 36% of studies in 2010. About 23% of child studies
used the GT1M, while only 9.5% and 11.8% of preschool and adolescent studies,
respectively, used this newer model. It is notable that about 20% of preschool and adolescent
studies did not report which ActiGraph model was used.
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Epoch length

Six different epochs were used, ranging from 2s to 60s (seconds). The majority of the
studies in children and adolescents used a 60s epoch (66.0% and 63.2% respectively). There
was a trend toward using shorter epochs in preschoolers. In preschool studies, an equal
number used 15s and 60s (42.9% each). In child studies, the second most common epoch
was 10s (9.6%), and in adolescent studies the second most common was 30s (13.2%).
Across the child studies, 6 epochs were used, while preschool and adolescent studies used 4
epochs. Most of the studies not reporting epoch length refer to analyzing ‘counts per minute’
so it could be assumed they used a 60 second epoch. Adolescent studies were the most likely
not to report epoch length (16.2%).

Non-wear time within a day

Six definitions of ‘non-wear time” were reported, ranging from 10-180 minutes of
consecutive zero counts. Three definitions (10, 20 and 60 minutes) were used in preschool
studies with similar occurrence. In child and adolescent studies, 10- and 20-minute strings of
zeros were the most common. Child studies showed the most variation in determining non-
wear time (5 definitions), and adolescent studies used 4 definitions. Non-wear time within a
day was the most likely method not to be reported, with 66.7%, 48.9%, and 42.6% of
preschool, children, and adolescent studies, respectively, not reporting this.

Definition of a valid day

Determination of a “valid day’ was highly variable, with 13 definitions used. Most studies
(110 of 183) used a number of valid hours but a few (16 of 183) used counts or ratios of time
(e.0., 80% of average wearing time) to define a valid day. Preschool studies used 7
definitions with 6 and 10 valid hours being the most common (14.3% each). Child studies
showed the most variability with 12 different methods reported and a range from <6 to > 12
valid hours. About 8% of child studies used a different definition for weekdays and
weekends, and using ratios or counts criteria was more common in child studies (about 6%
each) than in other age groups. Eight and 10 valid hours were the most common (10.6% and
21.3% respectively). Adolescent studies showed the least variability with 5 definitions. The
range of valid hours was 8 to = 12, with about 6% using a ratio or counts criteria. The most
commonly used were 8 and 10 valid hours (13.2% and 44.1% respectively). About 24% of
preschool and child studies, and 27% of adolescent studies, did not report a ‘valid day’
definition.

Minimum number of wear days

Eight thresholds were used to define the ‘minimum number of wear days’ for inclusion in
analyses. Three and 4 days were the most common in all age groups, used in 56% preschool
studies, 68% child studies, and 70% adolescent studies. Preschool studies used 6 thresholds,
child studies used all 8 thresholds, and adolescent studies used 5 thresholds. The minimum
number of wearing days was not reported in 23.8% of preschool, 17.0% of children, and
17.6% of adolescent studies. As with other methods, child studies showed the most
variability with at least one study using every definition between 1 and 10 or more days.
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Weekends: The majority of studies in all age groups did not require a weekend day for
inclusion in analyses (61.9% preschool, 51.1% child, and 66.2% of adolescent studies), but
30.9% of child studies required one weekend day compared to about 14% of preschool and
adolescent studies. Very few studies (<3%) required 2 weekend days.

Cut points

Moderate-to-Vigorous Physical Activity (MVPA): The MVPA cut point showed the
most variability, with 12 sets of cut points producing 14 values that ranged from 400 to 3600
cpm (lower threshold for moderate-intensity) across all age groups. In preschoolers, 5 cut
points were used that ranged from 614-3200 cpm. The Sirard age-specific cut points (2460—
3564 cpm; 38.1% of studies)3° were the most common, followed by Pate (1680 cpm; 19%),
46 and Puyau (3200 cpm; 19%).42 These 3 most commonly used cut points accounted for
76.1% of preschool studies. Child studies showed the most variability with 11 cut points that
ranged from 400 to 3600 cpm. The 4 most common cut points that accounted for a majority
of studies were Freedson youth (614-3500 cpm -- all MET definitions combined; 32.6% of
studies),2>36 Puyau (3200 cpm; 13%), EYHS (2000 cpm; 10.9%)%-45 and Treuth (1160 &
3000 cpm -- all MET definitions combined; 9.8%).38 Nine percent of child studies did not
use cut points but used ‘counts’ instead, and 8% either reported results based on more than
one cut point or made up their own. In adolescent studies, 8 cut points were used and, as
with child studies, the Freedson youth cut points were most common (614-3500 cpm -- all
MET definitions combined; 38.5% of studies), followed by Puyau (3200 cpm) and EYHS
(2000 cpm) at 10.8% each, and Treuth (1160 and 3000 cpm -- all MET definitions
combined; 9.2%). MVPA cut points were not reported in 3.3% of children and 6.2% of
adolescent studies. All preschool studies reported the MVPA cut point.

Sedentary behavior: Sedentary behavior was measured in 95% of preschool, 40.4% of
child, and 47.1% of adolescent studies included in this review. Across all age groups, 11
sedentary cut points were reported ranging from 9 to 1259 cpm (upper limits). In
preschoolers, 4 sedentary cut points were used with the most common being Sirard (1204-
1259 cpm; 35% of studies),3° Reilly (1099 cpm; 30%),%” and Pate (151 cpm; 15%).46 Child
studies used 9 sedentary cut points with the most common being Treuth/Evenson (100 cpm;
26.3% of studies),3841 and Puyau (799 cpm)#2 and EYHS (499 cpm)#4-4° at 21.1% each.
Five sedentary cut points were used in adolescent studies with the most common being
Treuth/Evenson (100 cpm; 46.9% of studies), Puyau (799 cpm; 25%) and EYHS (499 cpm;
12.5%). Similar to other methods, there was more variability in child studies than in
preschool or adolescent studies. Sedentary cut points were the least likely not to be reported
(5% of preschool, 2.6% of child, and 3.1% of adolescent studies).

Trends from 2005-2010

MVPA cut points: MVPA cut points were tracked by year to identify any trends. The
graphed results for children and adolescents are shown in Figures 2 and 3, respectively. The
trends in preschool cut points were not graphed because there have been no changes since
2008 when the Sirard39 and Pate*6 values replaced the Freedson youth,2%:36 Freedson adult,
48 and Puyau?? values as the only preschool cut points in use.
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In child studies, there has been an increase in the number of cut points used, from 5 in 2005—
2006, to 11 in 2009-2010. With the introduction of new cut points, the percent of studies
using the Freedson youth,25:36 Freedson adult,*® and Puyau*? cut points decreased, while the
percent using Treuth,38 EYHS,44-45 and Mattocks3’ increased. However, in 2009-2010, the
Freedson youth cut points still were the most commonly used (28.9% of studies), followed
by the “other’ category (17.8%), and the EYHS cut points (15.6%).

In adolescent studies, there has not been a clear increase in the number of cut points used
since 2005, but the distributions changed as new cut points were introduced and others
became less common. The percent of studies using the Freedson adult#® and Puyau?2
decreased while the percent using Treuth38 and Freedson youth?>36 increased. The Freedson
youth cut points were the most commonly used in 2009-2010 (41.4% of studies), followed
by Treuth (20.7%), and the EYHS cut points (17.2%).

Methods Reporting: Figure 4 displays the percent of papers that did NOT report each key
variable (i.e., ‘missing” information). Four variables (accelerometer model, non-wear
definition, valid hours, and cut points) showed improvements in reporting, identified by a
decreasing percent of non-reporting, while epoch length showed an increase in non-reporting
and ‘valid days’ stayed about the same. The non-wear definition (i.e., minutes of consecutive
zero counts) remained the most likely variable not to be reported, but it showed the sharpest
decline in non-reporting from 65.6% in 2005-2006 to 30.6% in 2009-2010. Non-reporting
of cut points declined from 10.9% to 4.6% making cut points the least likely to be missing in
2009-2010. There was an increase in studies not reporting on epoch length, making epoch
length among the most common variables not to be reported in recent years along with valid
hours and minimum number of days (about 13% each).

Figure 5 displays the percent of articles with a ‘complete reporting’ score, defined as
reporting on 100% of relevant methods, and the percent of articles with a ‘poor reporting’
score, defined as reporting on 50% or fewer methods. In 20052006, 21.9% of papers
reported on all methods, which more than doubled to 53.7% in 2009-2010. ‘Poor reporting’
declined from 18.8% in 2005-2006 to 11.1% in 2009-2010. The mean “percent of key
methods reported” scores increased from 74.6% to 85.3% between 2005-2006 and 2009—
2010, respectively.

DISCUSSION

Objectively measured physical activity using accelerometers provides many advantages over
self-reports, particularly among youth,2 but there are numerous challenges in applying the
technology. As accelerometers are used more in research and in national prevalence studies
that provide a basis for public health planning,’ it becomes more important to derive results
that justify high confidence. The results of the present review of 183 studies indicated a
continuing lack of consensus among researchers on the methods used to collect, process, and
score accelerometer data from children and adolescents.

In 2005, investigators convened by the National Cancer Institute recommended the
development of more standardized methods for accelerometer studies and consistent
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reporting of “decision rules”.8 Although there has been a large increase in the number of
studies using accelerometers with children and adolescents from 2005 to 2010, methods
have become more diverse, so results are less comparable. The variability in methods was
greater for children than for preschoolers or adolescents. Though reporting of decision rules
has improved, in 2009-2010 slightly more than half of published studies reported all major
methodological decision rules.

The present review was limited to ActiGraph accelerometers, which are used most
commonly. Two models of ActiGraphs were used, and though there is growing evidence
among adults of differences in sensitivity,13-14 it is unclear how model differences affect
interpretation of data from children. Many studies did not report the model, and it is not
clear how data from the two models should be interpreted differently.

Technological advances in accelerometry have allowed researchers to collect even richer
data and address previous device limitations, such as limited memory capacity, but these
advances may introduce additional challenges. New models of ActiGraphs allow for the
collection of data of multiple axes and store raw data with the epoch being defined post-data
collection. These new capabilities create more powerful tools, but they produce more
complex data for which methodological guidelines are lacking. Thus, advancing technology
creates more opportunities for methodological discrepancies and difficulties interpreting
results.

The length of epochs at which accelerometer data are summarized is particularly important
for children, whose activity levels change frequently. Estimated time in vigorous physical
activity is inversely related to epoch length, resulting in an underestimation when longer
epochs are used.53 Unfortunately, epoch length was one of the most common not-reported
decision rules, and non-reporting increased over time. As the technology has allowed, there
was a strong trend toward using epochs shorter than 60s, increasing from 0% of studies in
2005 to 45% in 2010. However, it has been suggested that physical activity outcomes using
shorter (5, 15, and 30 seconds) vs longer (60 second) epochs are not comparable in some age
groups.>*

Different decision rules for defining non-wearing time further reduce comparability across
studies, affecting number of valid days, sample sizes, and particularly, estimates of sedentary
time.%® Colley et al.2! found the percentage of their sample having at least 4 valid days of
data ranged from 38% to 84% when comparing non-wear definitions of 10 minutes of
consecutive zero counts to 60 minutes. In this review, criteria ranged from 10 to 180 minutes
and the majority of studies used 10 or 20 minutes. Esliger®® reported that 20 minutes of
zeroes was most appropriate for youth and though it would seem unlikely for a child to be
absolutely still (no movement recorded) for more than 10 or 20 consecutive minutes, there
are few data to inform a criterion for non-wearing time for children. Non-wear times were
the least reported decision rules in studies, though there was substantial improvement in
reporting over time.

Criterion for defining a valid day of accelerometry ranged from 6 to 12 hours of wear time.
A minimal daily wearing time of 10 hours, which was seen in 28% of studies, has been
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recommended for children and adolescents.>’~58 Some researchers are developing their own
definitions as the number in use increased from 6 in 2005 to 12 in 2010; thus, results are
becoming less comparable. One quarter of studies did not report on this decision rule. A best
practice recommendation is to define valid hours before data collection and screen data
immediately for compliance so there is the possibility to ask the participant to re-wear if
needed.

Criteria used for defining number of sufficient days of wearing time directly affect sample
size and reliability of estimates of habitual physical activity.3 Criteria ranged from 1 to 10 or
more days with a fair number (18%) of studies not reporting this decision rule and no
improvements seen over time. There appears to be a rough consensus for a 7-day monitoring
protocol to achieve a minimum of 4 valid days of monitoring including one weekend day.
3.8-9 However, many researchers have not adopted this guideline. Some researchers use
imputational or probability methods to deal with missing data,”-1° and others focus on
boosting compliance via phone/texting, incentives, visual reminders (e.g., stickers), wear
time logs, and asking participants to re-wear the accelerometer to meet the criterion.%:59-60

The diversity of cut points used to define MVPA may have the most severe consequences for
clear interpretation of findings and ability to compare across studies. The number of cut
points used has increased since 2005. Trost refers to the plethora of choices as “the cut point
conundrum”.81 Wide variation in calibration study methods has led to cut points that range
from 9 to 1259 cpm (as the upper threshold) for sedentary behavior and 400 to 3600 cpm (as
the lower threshold) for moderate intensity activity. To highlight the potential for confusion,
the most commonly used set of cut points has a lower MVPA value (705 cpm for 7 year
0lds)2>:36 than one of the most commonly used sedentary cut point in children’s studies (799
cpm).*2 The choice of cut points can drastically affect the results,528-29.31-34 with physical
activity prevalence rates ranging from 100% to 8.7% in one study depending on whether
Freedson youth or Puyau cut points were used.30

One of the drivers of the wide range of cut points used is the lack of consensus as to what
MET value defines MVPA in youth. The US physical activity guidelines define the lower
limit of moderate physical activity as 3 METSs for all ages,52 but an influential calibration
study conducted for the TAAG study identified 4.6 METs as the limit,38 and NHANES
adopted 4.0 METSs for national prevalence estimates.” In analyses of TAAG data, the
prevalence of meeting guidelines was 88% using 3 METSs for adolescents, compared to only
<1% using 4.6 METs.33 The lack of consensus in methods is preventing acceptable
interpretation of accelerometer results and undermining the value of using objective
measures.

A Methodological Research Agenda

The good news of increasing use of accelerometers for objectively measuring physical
activity in youth is counterbalanced by the bad news of the chaos in methodology that is
getting worse over time. Though nurturing creativity among investigators searching for
effective methods is important, we propose that it is now time to develop a consensus on
protocols for collecting, processing, scoring, and reporting accelerometer data for children
and adolescents. The current situation is producing data that can neither be interpreted
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confidently nor compared across studies, and this is unacceptable given the public health
importance of youth physical activity. The recent introduction of a new generation of
accelerometers providing raw data makes the need for consensus protocols even more
urgent. Current data are not a sufficient basis for selecting the most promising protocols,
because few studies have compared multiple approaches to the key decision rules. Thus, a
research agenda devoted to developing an evidence base on accelerometer methodology
decision rules is needed. There are some recent examples of studies working toward this
goal.

Trost and colleagues®3 conducted a validation study in 206 5-15 year olds comparing 5
common cut points using VO, as the criterion measure during 12 activities. They found that
cut point values = 3000 cpm37-38 defining MVPA > 4 METSs were not supported. Using
receiver operator characteristic (ROC) curve analysis, the Evenson cut points#! showed the
best classification at all intensities (e.g., 2296 cpm for moderate physical activity), followed
by Freedson 4 METs.25:36 Similar to what Treuth38 and Evenson*! found, the 100 cpm
sedentary cut point showed excellent classification accuracy. In contrast, the Puyau*? cut
point for sedentary time (<800 cpm) showed fair classification accuracy. The Trost et al.53
study seems to be a strong basis for selecting cut points, but it was not designed to resolve
controversies regarding MET values and other decision rules.

We propose a research agenda and process to establish at least an interim consensus on
accelerometer methodology and reporting standards for studies of youth. This process
should be led by the National Institutes of Health or Institute of Medicine, with guidance
from a panel of measurement experts. These are the critical features of a research agenda
and consensus process.

. The most critical need is to reach consensus on MET values for MVPA, so that
definitive youth physical activity prevalence rates can be established. Relating
physical activity levels, based on various MET values, to disease risk biomarkers
is one evidence-based approach to selecting MET definitions for MVPA.

. Since the trend is toward using shorter epoch lengths, studies should be
conducted to determine MET-based cut points using very short epoch lengths
(e.g., 1 sec) that provide data that are comparable to longer epoch lengths.

. To identify the best approach to selecting accelerometer cut points, an expert
panel should review methods used to establish existing cut points, then design a
definitive study on which to base final recommendations. A definitive calibration
study should include youth from a wide age range to determine whether age-
specific cut points are needed. This is an active controversy in the field.>63
Calibration studies should be conducted using various epoch lengths

. A similar process should be used to design definitive studies to inform decision
rules on epoch length, non-wear definition, definition of a valid day, and number
of valid days.

. NIH or another funding body should hold a competition to conduct studies based

on the expert panel’s recommendations. Once the results are ready, the expert
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panel and study investigators should jointly make recommendations about
methodologic decision rules for youth accelerometer studies.

. The consensus decision rules should be made generally available and
communicated directly to relevant journal editors. They could be recommended
like CONSORT and STROBE reporting standards. An important goal is to
increase comparability in describing MVPA, sedentary behavior, and prevalence
rates. One approach would be to require authors to use the consensus protocol
and reporting standards as the default, then investigators could use and report
additional methods or decision rules for specific purposes.

. Ideally the studies would be designed to create decision rules that would apply to
the ActiGraph models used in the 183 studies summarized in the present paper as
well as the GT3X+ model that provides raw data. It is essential that investigators
know how to score raw data so they are comparable to results obtained from
earlier models.

. Studies should concurrently examine other commonly used accelerometers and
develop methods for creating comparable physical activity and sedentary
behavior estimates across multiple brands of accelerometers.

. Recommendations should be formally reviewed every 5 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Articles retrieved for more detailed evaluation: n=573
Studies excluded: n=300
No children, or no methods reported

for children: n=56
Not ActiGraph accelerometer: n=131
Studies not measuring ambulatory movement: n=19
Studies with <1 complete wearing days (e.qg.,

recess studies, reviews, methods papers): n=94
Relevant articles for inclusion: n=273
Preschool (ages 2-5 years): n=25
Children (ages 6-11 years): n=140
Adolescents (ages 12-18 years): n=108

FIGURE 1.
Results of the literature search
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