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Abstract: Objectives: Different accelerometer cutpoints used by different researchers often yields
vastly different estimates of moderate-to-vigorous intensity physical activity (MVPA). This is
recognized as cutpoint non-equivalence (CNE), which reduces the ability to accurately compare youth
MVPA across studies. The objective of this research is to develop a cutpoint conversion system that
standardizes minutes of MVPA for six different sets of published cutpoints.

Design: Secondary data analysis

Methods: Data from the International Children's Accelerometer Database (ICAD; Spring 2014)
consisting of 43,112 Actigraph accelerometer data files from 21 worldwide studies (children 3-18
years, 61.5% female) were used to develop prediction equations for six sets of published cutpoints.
Linear and non-linear modeling, using a leave one out cross-validation technique, was employed to
develop equations to convert MVPA from one set of cutpoints into another. Bland Altman plots
illustrate the agreement between actual MVPA and predicted MVPA values.

Results: Across the total sample, mean MVPA ranged from 29.7 MVPA min.d-1 (Puyau) to 126.1 MVPA
min.d-1 (Freedson 3 METSs). Across conversion equations, median absolute percent error was 12.6%
(range: 1.3 to 30.1) and the proportion of variance explained ranged from 66.7% to 99.8%. Mean
difference for the best performing prediction equation (VC from EV) was -0.110 min.d-1 (limits of
agreement (LOA), -2.623 to 2.402). The mean difference for the worst performing prediction equation
(FR3 from PY) was 34.76 min.d-1 (LOA, -60.392 to 129.910).

Conclusions: For six different sets of cutpoints, the use of this equating system can assist individuals
attempting to synthesize the growing body of literature on Actigraph, accelerometry-derived MVPA.
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9/30/2014

Attn: Gregory Kolt, Ph.D.
Editor-in-Chief,
Journal of Science and Medicine in Sport

Dear Dr. Kaolt,

We would like to have the following original research article titled ‘Equating accelerometer estimates among
youth: the Rosetta Stone 2’ to be considered for publication in the Journal of Science and Medicine in Sport under the
sub-discipline physical activity and health. We believe this research holds great value and application to the field of
physical activity and public health in youth.

The manuscript is a follow-up to the research article titled ‘Equating accelerometer estimates of moderate-to-
vigorous physical activity: In search of the Rosetta Stone' published in your journal, Volume 14, Issue 5, September,
2011. In this, prediction equations were developed for synthesizing accelerometer-derived physical activity estimates of
pre-school children. This follow-up manuscript develops prediction equations from a larger sample of children (>30,000)
across 10 countries, for children and adolescents (3-18 years) using 6 commonly employed Actigraph accelerometer
cutpoints. We believe this to be a worthwhile procedure as “cutpoint non-equivalence” continues to burden the physical
activity measurement field, and converting activity estimates into the same set of cutpoints for evaluation purposes allows
practitioners, policy-makers, and researchers to interpret the abundance of evidence on physical activity levels of
populations from a common standpoint.

The attached manuscript has been submitted solely to this journal, and the findings have not been previously
published, posted online, or are under consideration from another journal. As the corresponding/first author on this
project, | had full access to all aspects of the research and writing process, and take full responsibility for the paper.

The authors declare that there are no conflicts of interest and no external financial support. | would like to thank you and
your editorial staff for taking the time in reviewing our manuscript.

Yours sincerely,
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/]

Keith Brazendale, M.S.
Department of Exercise Science
Arnold School of Public Health
University of South Carolina
Columbia, SC 29201

PH: 803-317-2527

Email: brazendk@email.sc.edu
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Response to Reviewers

Equating Accelerometer Estimates Among Youth: the Rosetta Stone 2

The authors would like to thank both reviewers for taking the time to consider this manuscript and appreciate the
constructive feedback. The authors would also like to express their appreciation for the support given to the manuscript
regarding its contribution to the field of physical activity measurement. In consideration of the comments from both
reviewers, we believe the subsequent additions have strengthened the manuscript considerably.

Reviewer 1 comments

1- First, how did the authors take into account the potential effect of seasonality in physical activity data collected in the
framework of ICAD? In other words, because data from the different countries involved in ICAD may not be collected at
the same time, perhaps there are some internal differences to be considered?

The purpose of this research was to develop a cutpoint conversion system that standardizes minutes of MVPA from a large
and diverse sample. The authors view any effect of seasonality as an unmeasured confounder, which would be equally
distributed when calculating the mean MVPA min/day from all 21 studies (See table 1.) Secondly, we believe that internal
differences that may exist across the different studies can be advantageous to the credibility of the prediction equations
generated in terms of their widespread use (i.e. international application), as they are created on a host of conditions as
opposed to one setting and/or set of conditions.

2- Second, with the available data, it is possible to evaluate the effect of the reintegration procedure on the results given
by the conversion equation. I would suggest that the authors ask for this information in order to address this issue. It may
be a real added value of the study. May be there is no effect of the reintegration on the application of the conversion
system; but this should be proven and the current manuscript should be used to solve this important issue.

The authors believe that this is a worthwhile pursuit; however, after communication with the ICAD steering committee (e-
mail 11/17/2014, 11/24/2014 and 12/02/2014) access to the raw accelerometer data files for each study is not possible.

“... at present we do not have the necessary permission from the contributors of data to give out raw data.” (Member
of ICAD Steering committee).

However, of the 21 studies, 14 used 60 second epochs, with the remainder employing either 5 (2 studies), 10, 15 (3 studies),
or 30 second epoch. In order to explore if reintegration had any impact, the authors created a dummy variable (0 — 60 second
epoch, 1 — Other) and re-ran the analysis. There were no fixed effects when reintegration was taken in to consideration,
therefore this was not considered in the final models. However, we agree with reviewer 1 that this must be explored further
and have addressed this issue accordingly in the manuscript. (Discussion/limitations: Page 10-Line 182). Amendments
have also been made in the methods and results sections.

Methods: Page7- Line 106

“Due to the nature of the dataset, access to raw accelerometer count data were not available. However, an additional
analysis was run to explore if any fixed effects existed between studies that collected data using 60 second epochs (n=14),
and studies using shorter epochs (E.g. 5-30 second epochs, n=7).”

Results: Page8- Line 137

“Additionally, there were no fixed effects between studies that originally used 60 second epochs, and those studies
collecting data in shorter epochs, therefore, this was not considered further in any of the models.”



Discussion/Limitation: Page 10- Line 190

“Although an additional analysis confirmed no fixed effects existed between studies that collected data using 60 second
epochs and studies employing shorter epochs, the impact the reintegration procedure may hold over conversion equations
is still unknown. Further investigation is required into the degree of error surrounding the formation of prediction
equations from different epoch lengths, and how that may compromise the generalizability of the conversions.”

3- Finally, some cut-points used in the current study have been developed for preschoolers and should not be extended to
schoolchildren and adolescents. For example, the cut-points by Pate et al and that by Van Cauwemberghe et al.
Conversely, I disagree completely with the authors as they decided to ignore the cut-points provided by Mattocks et al.
and Treuth et al., which should be preferred among adolescents. The reason in support to the exclusion of these cut-
points is based on the study by Trost et al., which is highly debatable by itself. The fact that a number of researchers have
decided to be true to this study remain unclear, since ROC analysis as well as many other probabilistic approaches are
subject to debate. Especially, in ROC analysis, the selection of the classification variable and the way it is then
dichotomized, are generally obscure, and may completely influence results. Thus, the authors need to exercise caution in
ignoring some cut-points in favour of others. In the revised version of their manuscript; it will be a good idea to test the
conversion equation by including the cut-points by Mattocks et al. and by Treuth et al.,, especially among adolescents.
Together with this, they should avoid the use of cut-points developed for preschoolers among adolescents.

We agree with the reviewer that the use of cut-points developed for a specific age range (e.g., preschoolers) and applying
them to older (or younger) children is, technically, questionable. However, the application of cut-points, irrespective of the age
range they were originally developed, is performed quite extensively in the literature. For instance, Janz et al (2002) used
Freedson cutpoints (6-18yrs) to derive MVPA estimates of 4-6yr olds, while Reilly et al has consistently been using Puyau cut-
points (developed on 6-16yr olds) for preschoolers (4yr olds).

The inclusion of all cut-points, including those that were originally excluded, is important so that all data can be converted
into a single estimate of MVPA, regardless of the cut-point chosen.

After correspondence with some experts in the field, and from a more detailed review of the Trost et al. study (2011), the
authors agree with Reviewer 1's comments and have removed the corresponding statement that supports the discontinued
use of Treuth and Mattocks cutpoints (Page 10; Linel179).

Ideally, the authors would like to include the Mattocks et al. and Treuth et al. cutpoints. In the e-mail correspondence
(11/17/2014, 11/24/2014 and 12/02/2014) with the ICAD steering committee, the cutpoints for Mattocks et al. and Treuth et
al. were not developed on this wave of data, and is therefore unattainable at this time. The ICAD steering committee have
made it clear that new cutpoints will be made available in their next wave of data stating “We are in the process of
running the next wave of ICAD. In this run we will include all previous data and new data. If you would like ‘new’
cutpoints to appear in Wave 2 please email me and The ICAD Steering/Working group can discuss their
inclusion.” (Member of ICAD Steering committee). The authors agree that this is a limitation of the current study and
has mentioned accordingly in the manuscript (Page 10; Line 179)

“As mentioned previously, the original cutpoints provided by ICAD do not represent the entire range of cutpoints
available for use in the field (e.g. Treuth® , Mattocks? ), however, future iterations of the Rosetta Stone should look to
include new prediction equations developed on different cutpoints than those used in this study.”



Reviewer 2 comments

Page 2, Line 6: It's a little misleading to say regardless of which cut point is used. That statement implies you can use the
prediction equations on any cut point derived data set which isn't true. Suggest revising this sentence.

Revised sentence (Page 2, Line 6)

“The objective of this research is to develop a cutpoint conversion system that standardizes minutes of MVVPA across six
different sets of cutpoints.”

Page 2, Line 24: The conclusion doesn't stand alone and seems a bit ambiguous. Clarify what the equating system is and
that it is specific to data using certain published ActiGraph cut-points.

Revised sentence (Page 3, Line 24)

“Across six different sets of published cutpoints, the use of this equating system can assist individuals attempting to
synthesize the growing body of literature on Actigraph, accelerometry-derived MVPA.”

Page 4, Line 37: 1 would be careful when using raw accelerometer data as this could be taken to mean raw acceleration
data. Suggest changing to raw accelerometer count data.

Revised sentence (Page 4, Line 37)

“Thus, even when raw accelerometer count data between or among studies are very similar...”

Page 7, Line 11: Why did you not consider including number of wear days as a covariate? It would be wise to address the
potential impact of days of wear on the accuracy/utility of these equations in the discussion section.

We appreciate this comment; however, there is little reason to believe that the number of days an accelerometer is worn
would impact the ability to convert the information collected using one set of cutpoints into another set of cutpoints. We do
agree that the number of days is likely to influence the estimate of habitual physical activity, but we believe this would not
influence the conversion of activity estimates.

Page 9, Line 154: This section and the data in table 3 nicely illustrate how the equations can be used to equate MVPA
between studies using different cut-points. However if one was to attempt to synthesise across studies you are still left
with the issue of which cut-point to standardise to i.e. do you convert all data from X to Evenson or from Evenson to X? It
would be useful for the reader to include a discussion point here elaborating on this point.

The authors appreciate reviewer 2 bringing up this point. The authors believe that making a recommendation on the best
cutpoint to standardize is inappropriate, mainly because the authors did not evaluate the validity of these cutpoints in
question, therefore making any recommendation questionable. The underlying use of this conversion system is to give
researchers (attempting to synthesize their findings with other research) a viable platform from which MVPA comparisons can
be made. At this point, the existence of cutpoint non-equivalence (CNE) is due to researchers continuing to favor a particular
cutpoint, and until a universally recommended cutpoint can be agreed upon, or validated, this is unlikely to change (See Page
10- Line 195). What we have done is offer a conversion system where researchers can take a chosen cutpoint of interest and



equate it to other MVPA findings from studies employing a different cutpoint. Being able to synthesize the literature in this
way can provide a coherent landscape of where a population stands in terms of MVPA levels.

Bland Altman plots: It looks like agreement is worse for individuals with >100 mins MVPA per day. Was there similar
heteroscedasticity in the data for the other equations? If so this issue should be noted in the discussion section

The authors agree with this observation. The second Bland Altman, which illustrates the worst performing equation (r-
squared =0.323) presents a degree of heteroscedasticity. This was also observed during the other poorer-performing
prediction equations. The authors have noted this evidence of heteroscedasticity in the discussion section and suggest readers
take caution when using some of these prediction equations.

Added sentence below (Page 9, Line 165)

“It must be noted that a degree of heteroscedasticity can be observed in Figure 1b, where the proportion of variance
explained was low (>33%). Rosetta Stone users must interpret their MVPA predictions with caution when using some of
the ‘poorer performing’ prediction equations (R?= <60%).”
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Abstract

Objectives: Different accelerometer cutpoints used by different researcifiien yields vastly different
estimates of moderate-to-vigorous intensity physical actiMtyRA). This is recognized as cutpoint
non-equivalence (CNE), which reduces the ability to accurately cemypath MVPA across studies.
The objective of this research is to develop a cutpoint convengstens that standardizes minutes of

MVPA for six different sets of published cutpoints.

Design: Secondary data analysis

Methods: Data from the International Children’s Accelerometer Datad@seY; Spring 2014)
consisting of 43,112 Actigraph accelerometer data files from 21 worldwide s(atiiElren 3-18 years,
61.5% female) were used to develop prediction equations for six sets of edldighoints. Linear and
non-linear modeling, using a leave one out cross-validation technique, was esnjglaevelop
equations to convert MVPA from one set of cutpoints into another. Bland Afpings illustrate the

agreement between actual MVPA and predicted MVPA values.

Results: Across the total sample, mean MVPA ranged from 29.7 MVPA fhiiRdyau) to 126.1 MVPA
min.d” (Freedson 3 METsfcross conversion equations, median absolute percent error was 12.6%
(range: 1.3 to 30.1) and the proportion of variance explained ranged from 66.7% to 9@a%. M
difference for the best performing prediction equation (VC from EV) @440 min.d (limits of
agreement (LOA), -2.623 to 2.402). The mean difference for the worst performdictipreequation

(FR3 from PY) was 34.76 min’dLOA, -60.392 to 129.910).
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Conclusions. For six different sets of published cutpoints, the use of this equatiregrsgan assist
individuals attempting to synthesize the growing body of literature onraptig accelerometry-derived

MVPA.

Keywords: cutpoints, MVPA, measurement, policy, public health, children
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I ntroduction

Accelerometers are widely used for assessing free living @iyasitivity levels of children and
adolescent$®. The data typically derived from accelerometers, activity courgsnast commonly
processed using a set of calibrated and cross-validated cutpbifitse use of cutpoints allows for the
data to be distilled into categories of intensity ranging from segetata&igorous intensity, with these
commonly reported as minutes per day (i) °. Over the past decade, different sets of cutpoints have
been developed for use in studies investigating the activity levgtudi (<18yrsj®. Thus, even when
raw accelerometer count dddetween or among studies are very similar, the application of different
cutpoints for estimating minutes of moderate-to-vigorous physicaitgqiVPA) to those raw data
offer vastly different estimates of MVPAUnfortunately, even though studies report physical activity in

minutes per day, direct comparison cannot be made across studies employiagtdiffits of cutpoints.

Put simply, activity intensity estimates can differ greatlydeen studies investigating the same
population solely because of the cutpoints chosen by the resedfcHer8ornstein et al., (2011)
defined this problem as ‘cutpoint non-equivalence’ (CNEJhe overarching limitation inherent in CNE
is that direct comparisons across studies measuring physical agtvitgcelerometry cannot be made
since the outcome metric (mif') is not equivalent, even though expressed in the same units. Thus,
attempts at synthesizing a body of literature, disregarding CNE, leadsdreti and biased conclusions
(e.g., combining studies using overly conservative cutpoints with studiesov&irlyg generous
cutpoints). An example of this issue can be found in the recent InsfitMiedicine report “Early
Childhood Obesity Prevention Policies” where physical activity recandaténs were made for
preschool-age children by evaluating studies that provide differemtageti of physical activity based on
different cutpoints®. This scenario substantially impacts the soundness of public healtiepalici

initiatives.
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A solution to CNE has been proposed by Bornstein et al. (2011) who employed secotadfry da
devise a conversion system to translate reported MVPA estilfftate one set of cutpoints into another
12 Within the findings, originally disparate estimates of MVPA warke to be compared by using a
conversion equation. For instance, comparing three studies that usedifflereat sets of cutpoints
reporting 91.2 mird?, 55.2 mind™, and20.8min-d* of MVPA was problematic. But after applying the
conversion equations the estimates were similar, 59.&ithiB5.2 mind*, and 58.0nin-d™ of MVPA *,
and, therefore, logical evaluations could be drawn on daily MVPA betwedhrésestudies. Converting
activity estimates into the same set of cutpoints for evalugtirposes allows practitioners, policy-
makers, and researchers to interpret the abundance of evidence on phigitalevels of populations

from a common standpoint.

Currently, there are no universally accepted cutpoints, and with tieeediffmethodological
approaches to calibration studiés®, discrepancies in MVPA estimates between studies (i.e. CNE) will
continue. Bornstein et al. (2011) provided a solution to CNE for preschool atgr@rchiherefore, the
purpose of this study is to illustrate the use of a conversion systemiltheanslate MVPA (mind™)
produced by one set of cutpoints to an MVPA (wiif) estimate using a different set of cutpoints for

children and adolescents.

M ethods

This is a secondary data analysis using existing pooled data frdntehsational Children’s

Accelerometer Database (ICADBLtp://www.mrc-epid.cam.ac.uk/research/studies/icadfing 2014).

This database was constructed to gather data on objectively measusiedlutivity of youth from
around the world® *”. All individual studies went through their own ethics committee apprawe.

aims, design, study selection, inclusion criteria, and methods of the ICAEzphajve been described in
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detail elsewher&’. In short, a PubMed search and personal contacts resulted in 24 studies worldwide
being approached and invited to contribute data. Inclusion criteria consistiedies that used a version
of the Actigraph accelerometer (Actigraph LLC, Pensacola, FL)iidreh 3-18 years with a sample size
greater than 408. After identification, the principal investigator was contacted, and up@eagnt,
formal data-sharing arrangements were established. All partne(iteébutors of data) consulted with
their respective research boards to obtain consent before contrith@indata to the ICADIn total, 21
studies conducted between 1998 and 2009 from 10 countries contributed dat€f&lxth&he majority

of the studies were located in Europe (N=14), with the United Statesl, Brad Australia contributing 4
studies, 1 study, and 2 studies, respectiVell individual data within the pooled data set were

allocated a unique and non-identifiable participant ID to ensure anonymityaof dat

For the present analysis, data from all 21 studies on children andcatdesged between 3-18
years were used. These data are comprised of 44,454 viable baseline ated repasures files from a
total of 31,976 participants (female 62.4%). A comprehensive descriptioa assessment of physical
activity is available elsewheré Across all studies, Actigraph accelerometers were waist-motinteuti
all children with a minimum of 1 day, with at least 500 minutes of measureteemmeter wear time
were included. The ICAD database epochs varied from 5 seconds to 60 stwmefisre reintegrated
60-second epochs formed the pooled ICAD datafagdthough the reintegration procedure may

slightly over or underestimate MVPA it is commonly accepted when handling different epoch lengths

19, 20

In an effort to provide researchers with physical activity data dkfreen a range of Actigraph
cutpoints, the ICAD distilled intensity categories (e.g. sedentah, ligoderate, vigorous) from six
commonly used Actigraph cutpoirits?. After receiving the ICAD dataset, a MVPA variable was
created for each of the six cutpoints. A breakdown of these cutpoints, atbripew corresponding
MVPA counts-per-minute can be found in Table 1. The cutpoints used by I@&Domanalysis in this

study, were Pate et al. (PT)Puyau et al. (PY), Freedson equation et al., where the MVPA threshold
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can be either 3 METs (FR3) or 4 METs (FB43* Van Cauwenberghe et al. (V&) and Evenson et al.

(EV) 8.

The development and validation of the prediction equations followed aspnilcedure
previously used by Bornstein et al. (2034 )Linear and non-linear regression models, accounting for
valid days and repeated measures on a single participant (i.e. londitedajavere used to develop the
conversion equationfue to the nature of the dataset, access to raw accelerometeda@uwere not
available. However, an additional analysis was run to explore if anydiketts existed between studies
that collected data using 60 second epochs (n=14), and studies employiegegtmrhs (E.g. 5-30
second epochs, n=7A.‘leave one out’ cross-validation procedure was employed to assess Heactel
equation performed. In this procedure, each study assumed the role of the validation sample and the
remaining 20 studies were used as the derivation sample. This procedurepeated 21 times until each

study had served as the validation sample.

The development of the prediction equations included linear and non-lineamteents
appropriate. Furthermore, key covariates were incorporated intgquléans where these added
significantly to the model including: age (years); gender; and \iwear(verage wear time per day in
minutes). Inclusion criteria for these variables were contingent aganificant increase in the
proportion of variance explained (R2), and a reduction in the avenageaad absolute percent error.

Average error (a) and absolute percent error (b) were calculateptiis following formulae:

@ (N—1) (o) [(Y—Yprime)/Y]x 100

Above, "“Y" is the actual MVPA value andrprime’ is the predicted MVPA value from the generated
equationt. All equations containing significant demographic variables (e.g. anéegevear time) were
reported. Finally, Bland Altman plot&were used to illustrate the agreement between the actual MVPA

value and the predicted MVPA values. Limits of agreement weralatdd as pi: + (2 Xs) ] where ‘i



126  is the mean difference between the actual and predicted MVPAg'aisdHie mean standard deviatith

127  All statistical analyses were performed using Stata (v.12.1, ColletierS{BX).

128
129 Results
130 The final ICAD sample consisted of 43,112 files, representing 31,113 ch(féreale 61.5%)

131  between the ages of 3-18 years. Table 1 displays the average MVPAulesper day (min for the
132 six sets of cutpoints for the entire sample. Across the six cutpbIMBA estimates were from PY 29.65
133 min.d* (+ 21.38), VC 47.81 min:t(+ 28.52), EV 49.38 min:t(+ 29.17), FR4 64.87 min'q+ 47.02),

134  PT 77.55 min.d (+ 38.49), and FR3 126.12 mifi.( 75.82). Prediction models with the corresponding
135  proportion of variance explained, average error, and absolute pemoerare displayed in Table 2. In
136  total, 61 prediction equations were generated. With the exception of tivesef ¢équations (VC from EV,
137 and EV from VC), age contributed significantly to the models, while gemdeiincluded in three models
138 (VC from FR3, EV from FR3, and PY from FR3). The third covariate under coasaerwear time,

139  did not contribute significantly to any of the modéldditionally, there were no fixed effects between
140  studies that originally used 60 second epochs, and those studies colleetimgsti@rter epochs,

141  therefore, this was not considered further in any of the mddsisg the best model from each possible
142 conversion, the mean absolute percent error was 12.6%, with 1.3% and 30.1% regrédsentinimum
143  (VC from EV) and maximum (PY from FR3) percent error, respectively.pfbgortion of variance

144  explained ranged from 66.7% (FR3 from PY) to 99.8% (VC from EV). Figures 1 (apyitidgtrates the
145  Dbest (VC from EV) and the worst (FR3 from PY) prediction equations ifotheof Bland Altman plots.
146  The mean difference for VC from EV was -0.110 miiith -2.623 to 2.402 representing the lower and
147  upper bounds of the limits of agreement (LOA), respectively. The mdaredie for FR3 from PY was

148  34.76 min.d (LOA -60.392 to 129.910).

149
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Discussion

The use of accelerometers provides researchers with a pradliedlle, and valid tool to
objectively measure physical activity levels of children and adelgts. Despite these benefits, the
widespread use of accelerometers in the field of physical gatidiasurement has continued to be
burdened by CNE™ 2 The use of different cutpoints has resulted in contrasting essimipéysical
activity for children and adolescents, thereby, significantly lingitomparisons of the estimates of

physical activity intensity and the prevalence of meeting phyaitality guidelined *> %

This study has built on the concept of cutpoint conversion first dematsthatBornstein et al.
(2011) for preschool-aged children, and provides a solution to the problentofo€hildren and
adolescents aged 3-to-18 years. Table 3 (supplementary table) detesrisie utility and accuracy of
this equating system by using previous research that has published M¥Rétes (min.d) on two or
more cutpoints coinciding with the cutpoints used in this sttidy ?® Recognizing the problem of CNE,
Guinhouya et al. examined MVPA of children aged 9 years using FR3 and PY tithdi concern,
was the difference in the estimate of MVPA between the two setspafiotst (113 MVPA min.d) *°.
Using the specific conversion equation developed herein for these twontsitpiog difference is reduced
to 7 MVPA min.d". In comparison, converting FR3 MVPA in to PY MVPA has taken MVPArests
from uninformative (141 MVPA min:dvs. 28 MVPA min.d) ', to coherence ( 21 MVPA min'dss. 28
MVPA min.d?). It must be noted that a degree of heteroscedasticity can be observadéniBigwhere
the proportion of variance explained was low (>33%). Rosetta Stone usersitestet their MVPA
predictions with caution when using some of the ‘poorer performing’ predictimtieqs (R= <60%).
Ultimately, these conversion equations present a practical solutynttzesizing the growing body of
literature that reports estimates of youth MVPA using accelerostetguide public health policy for

children and adolescent physical activity recommendations.
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A major strength of this study is the diversity and sample siteealata used to derive the
conversion equations. The ICAD sample consisted of information on over 30,000rchitdre
adolescents, from 10 different countries, representing 21 studies using wargethActigraph
accelerometer¥. Although the conversion equations are limited to the six cutpoints usedsfetuty,
the cutpoints employed herein are commonly used within the physicalyalitériature®, therefore
providing widespread utility of the prediction equations for future rebdarevaluate their findings.
Lastly, the equating system is relatively simple to use and reqoinemanly published and accessible

information (e.g. MVPA min.d age, gender).

On the other hand, there are limitations to this study that need to be cedside mentioned
previously, the original cutpoints provided by ICAD do not represent the eatige of cutpoints
available for use in the field (e.g. TretfttMattocks? ), however, future iterations of the Rosetta Stone
should look to include new prediction equations developed on different cutpoimthdise employed in
this study It must be noted that the cutpoints employed in this analysis were delelipesome
amount of error, and the prediction equations generated within this study bedditonal degree of
error. However, while this error exists, one must consider what sewa@omparing estimates of MVPA
that indicate a difference of over 100 mui between cut points or 7 mili*? Also, the 21 studies
forming the ICAD database reported epochs ranging from 5 seconds to 60 secon@a database
reintegrated seven of the 21 studies into 60 second ePpelns research has shown how MVPA data
collected in shorter epochs (e.g. 5 seconds) can result in higher estinfdiéBAfcompared to MVPA
data collected in longer epocisAlthough an additional analysis confirmed no fixed effects existed
between studies that collected data using 60 second epochs and studies enmpagng®ochs, the
impact the reintegration procedure may hold over conversion equationisuslgtibwn. Further
investigation is required into the degree of error surroundinfptheation of prediction equations from

different epoch lengths, and how that may compromise the generalizabitity odrtiversions.

Conclusion



198

199

200

201

202

203

204

205

206

11

In summary, this study proposes a solution to CNE by illustrating thef aseequating system
that demonstrates acceptable accuracy allowing for comparicss @ix different sets of cutpoints used
for measuring MVPA in children and adolescehistil a universally accepted cutpoint can be agreed,
researchers will continue to select different cutpoints, and digsawill continue among studies
evaluating physical activity levels of similar populatiofibis considerably impedes efforts to synthesize
the growing body of literature on children and adolescents physical abighigvior. Utilizing the
equating system gives researchers, practitioners and policymakeep#uity to “paint a better picture”

of physical activity levels through which relevant policies can be dpedland evaluated.
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Practical Implications

The prediction equations developed within this study allow pracédts to synthesize
accelerometer-derived MVPA estimates of children and adaiesbetween the ages of 3 and 18
years across six commonly used Actigraph cutpoints.

Converting accelerometer-derived MVPA estimates into the saitngf cutpoints for evaluation
purposes allows practitioners, policy-makers, and researcherenaraéttthe abundance of
evidence on physical activity levels of populations (e.g. youth of diffeigas) from a common
standpoint.

With a coherent understanding of the population prevalence ofcahysitivity, policy-makers
can evaluate, and potentially reconsider, the realism of pol@me standards pertaining to

children and adolescents physical activity.
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350 Figure 1. Bland Altman plots of best (a) and w@dtagreement between actual MVPA and predicted
351 MVPA values.
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354 (a) Van Cauwenberghe MVPA predicted from Evenson MVBAshed line signifies mean
355 difference (-0.110 min:y.
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358 (b) Freedson (SMET) MVPA predicted from Puyau MVPA (Agat in model). Dashed line signifies
359 mean difference (34.76 mirry
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Supplementary Material

Table 3. Accuracy of the prediction equations using studies that report moderate-to-vigorous physical activity (MVPA) estimates (min.d™) using two different sets of
cutpoints

Pre-Conversion Comparison of MVPA (min.d™) Post-Conversion Comparison of MVPA (min.d™)
Study @ Cutpoint 1 Cutpoint 2 Abs. Difference MVPA Conversion b Cutpointl  Cutpoint 2 Abs. Difference

. _ _ FR3 predicted from PY 21 28 7
Guinhouya et al. (2006) FR3: 141 PY: 28 113 PY predicted from FR3 141 183 42
I ) . FR4 predicted from PY 59 61 2
Loprinzi et al. (2012) FR4: 59 PY: 23 36 PY predicted from FR4 26 93 3
) . VC predicted from EV 55 56 1
Van Cauwenberghe et al. (2011) VC: 55 EV: 58 3 EV predicted from VC 57 58 1
) ) VC predicted from PT 97 91 6
VeSS PT: 91 36 PT predicted from VC 55 50 5

Key: FR3, Freedson (3MET); PY, Puyau; FR4, Freedson (4MET); VC, Van Cauwenberghe; EV, Evenson; PT, Pate

a Demographic information reported in studies to convert MVPA estimates: Guinhouya et al, mean age = 9 yrs; Loprinzi et al, mean age = 11 yrs;
Van Cauwenberghe et al: mean age = 5.5yrs
b Using specific prediction equation from Table 2



