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ABSTRACT

The objective of this dissertation was to extend our undelisiguof the
objectively measuresedentary behavio68) and to explore ways to improve
measurement practisef SBin health outcome research. The primary aim of the first
study was to explore the measurement issues in objectively me&&iusthg the
National Health Nutrition Examination Survey 20P305.The specific aimsaddressed
were 1) the influence of duration of sedentary bout on the association of sedentary time
with metabolic risk factors; and 2) the appropriateness of extractiegtsed breaks by
counting the number of transitisfrom sedentary to actiyghasefrom accelerometer
data. The findinghighlighted that the sedentary time with relatively short bioait, 010
minutes) was in general beneficially associated with healttomes, which, in turmad
influenced on the dosesponse relationships between total sedentary time with health
outcomes. Another important finding was that alsolute number afedentary break
has a limited measurement property that may not beidered as thmterruption of
sedentary time, but rathiris related to the patterns of sedentary time accumulation.

Theprimary aimof the second study was to examine the validity of different
types of objective monitoring devices for the assessme®Bai a freeliving setting.
The specific focus was placed on 1) the overall performance of three accelerometers
(Actigraph GT3X, actiPal, and Sensewd&rArmband) to identify SB in a frekving
setting; 2) the influence of sedentary bout restrictions on the validity of the devices to
identify the structured SB at given bout condition; and 3) to develop the algorithm to
identify SB-bou that may be feasible to identify the sedentary breaks congruent with

what has been defined at the conceptual |&ed. resultighlightedthat theactivPal is
v



the most accurate and precise measure afd@ipared with a proxy of direct

observation. Onpossible strategy to improve the performancthadsholdbased GT3X
measures could be the restriction of short sedentary bout. The developed algorithm was
significantly influenced by the functional capability of dewte detect the postural
information and the activPal wabe one that can be of useWihen usinghealgorithm

to identify the SBbout.
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CHAPTER |

INTRODUCTION

Physical activity is one of the leading health behaviors in modern society with

increased evidence of beneficial associations with various health outidask=ll et
al., 2007 Shiroma & Lee, 2010 In response to growing demands for promoting physical
activity at individual and populatiotlevels, the U.S. Department of Health and Human
Services (USDHHS) issued the fistvy e r Sur geon (USOMHHSr189O6s repor
particularly focusing on physal activity in relation to health. The report suggested that
all Americans should engage in regular modenatiensity physical activity at least 30
minutes most days of the we@4SDHHS, 199% More recentlythe 2008 Physical
Activity Guidelines foAmericangUSDHHS, 2008was published as a result of
continuous efforts to provide better physicetivaty guidelines for different age groups.
The guidelines recommended for adults to engage in at least 150 minutes of weekly
moderateintensity physical activity, or 75 minutes of weekly vigorantensity physical
activity, or an equivalent combinatiah weekly physical activity for both intensity
levels, in order to experience substantial health benefits.

Motivated by the physical activity guidelinddSDHHS, 19962008, great
attention has been given to better characteriaipgysical activityrelated health risk
group by emphasizing their levelsmabderateto vigorousintensity physical activity.
Particularly a person with insufficient moderate vigorousintersity physical activity
who did not meet the physical activity guidelines has been considered as being sedentary

(USDHHS, 1998, under the assumption that sedentary behavior (SB) and moederate



vigorousintensity physical activity are the opposite ends of the same activity continuum
(Marshall & Merchant, 2013

Recently, there has been a challenging debate on this assumption, and systematic
efforts have been made to distinguish SB from the lack oknatel to vigorousintensity
physical activity (i.e., physically inactive). Owen and collead@880 published the
first review article that systematically examined the possibility of distinct determinants of
SB compared to physical activity. Over the past 10 years, an increased number of studies
have begun focusing on SB as a distinct health risk beh@aokoski et al., 2011
Healy, Matthews, Dunstan, Winkler, & Owen, 2014nd it has now been well
conceptualized with its own definition separated from the physically inactive.

SB is defined as a prolonged sitting or reclining posture that requires low levels of
energy expenditure ranging from 1.0 to 1.5 metabolic equivalent units (ME8W&n,
Healy, Matthews, & Dunstan, 201Pate, O'Neill, & Lobelo, 2008 The common types
of SB may involve variosiforms of screebased activities such as watching TV,
working on a computer, playing a video game etc., or sitisged transportation
activities such as driving a car. Emerging evidence revealed deleterious associations of
various types of SB with hahloutcomes. Recent populatibased studies have shown
that the increased time spent in SB is strongly associated with-caeti#dbolic
biomarkers and with the risk of developing metabolic syndrome among éBlattisoski
et al., 2011Healy et al., 2011Wijndaele et al., 2000 Furthermore, prospective studies
revealed a greater hazard te@use and cardiovascular mortality as a consequence of
increased time spent in Ratzmarzyk & Lee, 2012Wijndaele et al., 20)1As an

increasing awareness in recent years of the vital role of SB in relation to public health,



there has been a huge demandofetter characterizing and measuring SB in alikaeg
environmen{Atkin et al., 2012Marshall & Merchant, 201)3

Similar to physical activity measurements, SB measurements involve subjective
and objective methods. Subjective measures of SB such aareklroxyreport
guestionnaires and diaries have been extensively used irslzatpeobservational studies
(Sugiyama, Healy, Dunstan, Salmon, & Owen, 2008ndaele et al., 20)1The
subjective methods have been recommended a%ffestive methods to assess SB in a
free-living environment, which also have a unique strength for quantifying time spent in
SB in a specific context (e.g., screen time, walated sitting time, etc.). However,
measurement properties (i.e., reliability and validity) of subjective metredstill
questionabl€Atkin et al., 2012, with the same methodological limitations frequently
reported for subjective measures oygibal activity (e.g., recall bias, under over
estimation, etc.jMacea et al., 20011

Objective measure of SB is a relatively new scientific area, which has been
developed in accordance with technological advancement in recent years. The types of
objective measures of SB can be broadly categorized into two families, energy
expenditure devies and posture classification devices, based on how they classify or
capture SBGranat, 201 Energy expenditure devices, which generally refer to
acceleometers, measure the frequency and amplitude of accelerations generated by
ambulatory movement in a certain time interval and provide such information in the form
of activity countgAtkin et al., 2012 Different thresholds of activity counts that
correspond to energy expenditsi@ different intensity levels of physical activiigve

been developed mostly in laboratdygised calibradin studies across different



manufacture¢Freedson, Melanson, & Sirard, 1998atthews, 200b Unlike the energy
expenditure classification devices that require certain thresholds of activity counts to
assess SB, posture classification devices measure absolute body positions or status of
human novement and provide outputs into four types of activities (i.e., lying, sitting,
standing, and walking) for a paefined time intervalGrant, Ryan, Tigbe, & Granat,

2006. Objective measures of SB have beendasingly used as they allow researchers

to obtain valid and reliable estimates of time spent in SB in ditieg environment

compared to subjective measures of(8Ein et al., 2012Healy et al., 2011

Statement of the Problem

Despite the promising aspects of objective measures of SB, there remains
significant room for improvement in measuring SB in a-fre@g environment. Of the
seeral key issues in using objective measures of SB, which may include but not limited
to, device initialization, appropriateness of activity counts threshold for SB, and signal
feature extraction, etqCrouter, Dellavalle, Haas, Frongillo, & Bassett, 2048zey
Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 20/Bhner, Martin, Meier,
ProbstHensch, & Kriemler, 2003 one crucial issue raised in the literature is that both
types of SB monitoring devices have limited functional abilities for measuring SB in
accordance with the conceptual definition of @arshall & Merchant2013. This may
lead to biased estimates of time spent in SB in alive®y environment. For instance in
one of the widely used energy expenditure devices, Actigraph accelerometer (Actigraph,
LLC, Pensacola, FL, USA), activity counts <100 cpm hanlextensively used to

identify the SB; however, the activities that featured activity counts <100 cpm may



include quiet standing or some lightensity activities in a standing positi(@ranat,
2012 Marshall & Merchant, 203). Conversely, ActivPal, which is a posture
classification device, ignores the definition regarding energy expenditure (<1.5 METS) in
measuring the SB.

There have been continuous efforts to address measurement limitations of SB
associated with the futional abilities of objective monitoring devices; however, one
aspect that has been underestimated in the efforts to improve the measurement practice of
objective measures of SB i s prblingedd cwroatciepn o
the SB definion. For example, the typical data processing strategy to convert raw
Actigraph accelerometer data to sedentary time is to count every single minute with
activity counts <100 cpm regardless of the continuous sedentaryMatiihews et al.,
2008. Likewise, the activPal provides information of body position or status by 1
through 106seconds intervals, in which total time spent in SB is the summation of time
intervals that featured a sitting/lying positi@@ranat, 201p

To the best of my knowledge, there are few relevant studies that fully addressed
the data processing issues, particularly focusing on sedentary duration an bout,
converting raw timestamped accelerometer data to SB indicators. Given the
overwhelming interest in SB as an independent health risk behavior in health outcome
research, there is a strong need for a better understanding of SB and to improve the

measurerant properties of objective measures of this behavior.



Statement of the Purpose

The overarching goal of this project is to extend our understanding of SB and to
improve the measurement practice of objective measures of SB inlaifnge
environment. Sgcifically, the purposes die first studyis to address theneasurement
issues in objectively measur8&, particularly focusing on sedentary boutrelation to
health outcomesausingthe accelerometer data obtained from a large national
representativeample of the US adults. The contemporary measurement issues in
objectively measured SB with specific emphasis on 1) sedentary bout duration; and 2)
breaks in sedentary tinvéll be discussed. The findings from the first study led to the
second study that aimédl to examine the validity oflifferent types of SB monitoring
devices in a frediving environmentagainst a proxy of direct observati@nd2) to
develop a new algorithm @ identifies SBbout that may include time intervals for
structured SB in addition to the possible sedentary bréalese two studies combined
will allow better understanding of the measurement issues in objectively measured SB in

physical activity reseah.



CHAPTER Il

EXTRACTING THE OBJEC TIVELY MEASURED
SEDENTARY BEHAVIOR F ROM ACCELEROMETER DA TA:
MEASUREMENT CONSIDER ATIONS
FOR SURVEILLANCE AND RESEARCH APPLICATION S

Introduction

The health benefits of physical activity (PA) are well establighlKDHHS,
2008 but a paradigm shift in the physical activity field is now challenging researchers to
think about the independent effects of sedentary beh¢wi). This shift evolved from a
rapidly growing body of evidence indicating that SB may contribute to individual health
risks even if people are physically actigdamilton, Healy, Dunstan, Zderic, & Owen,
2008 Owen, Leslie, Salmon, & Fotheringham, 2D0A challenge in advancing research
in this area is, however, the lack of clear operational guidelines to define SB. According
to Owen, Bauman, and Brown (2009 S B r e fbehawours for wiiich energy.
expenditure is low, including prolonged sitting time in transit, at workpate and in
l ei sur e tThen®edentérypBeha@a? Research Network has also proposed
definitions of SB that capture both posture (i.e., sitting/reclining) and low levels of
energy expenditure (1.0 to 1.5 METSedentary Behavior Research Network, 2012
These distinctions make conceptualseeto characterize SB as being distinct from
physically inactivdOwen, Haly, Matthews, & Dunstan, 201Pate, O'Neill, & Lobelo,
2008 but have proven difficult to operationalizgarticularly by researchers using

objective monitors such as the Actigraph since postureotherreadily determined. In



this case, it is not possible to distinguish ligitensity physical activity (e.g., standing
still) from SB(Kozey-Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011
Lyden, KazeyKeadle, Staudenmayer, & Freedson, 2012
This is an inevitable limitation when studying SB, another issue that has received
relatively little attention is how to quantify the duration of SB. A major context of SB
(e.g., watching TV, working on a computer, driving a car, etc.) may significanthve
a prolonged time span, and sedentary time has been conceptually defined as the time
spent in SB that is predominated by prolonged sitting with lower energy expenditure
(Owen et al., 2010 however, the vast majority of the litdure has relied on relatively
short time scale when extracting sedentary time from raw accelerometry data. For
instance, one widely used approach to describe sedentary time from Actigraph
accelerometry data is to count eveimygle minuteor even shortefe.g., 10 seconds)
where activity counts are less than the threshold fo{C3&k et al., 2011Healy,
Matthews, Dunstan, Winkler, & Owen, 2Q1lynch et al., 2010Lynch et al., 201;
Maher, Mire, Harrington, Staiano, & Katzmarzyk, 2DIBhis method does not take the
prolongedaspect of the dmition into account. One studyankoski et al., 20 khat
examined the association of SB with metabolic syndrome using NHANESZ00E3
accelermetry data operationally defined the sedentary bout as a period of time >5 minute
with activity counts <100 cpm with 1 allowable minute outside the threshold; however,
there is still little evidence for imposing the sedentary time >5 minutes to reflect the
prolonged sedentary time that may be deleteriously associated with health outcomes.
On the other hand, a seminal finding in the literature demonstrated that breaks in

sedentary time (defined as interruptions in sedentary time) could explain diffenences i



cardiometabolic and inflammatory risk biomarkéksealy et al., 2008Healy, Matthews,
et al., 2011 The authors implied that people who engaged in the same overall amount of
sedentey time could have experienced distinct hea#fated issues depending on how
their sedentary time was accumulated. This finding sparked considerable interest in the
study of SB as it demonstrated thataking up prolonged sedentary timeeds to be
factored into evaluations of health risk as well as interventions designed to change
behavior(Dunstan, Healy, Sugiyamé&,Owen, 2010 Owen et al., 2010 However,
similar methodological challenges still remain due to the difficulty to capture postural
changes using accelerometers (e.g., Actigraph). Furthermore, tisdvedraa lack of
clear and understandable guidelines to operationalize breaks in sedentary time from
accelerometry datdlealy et al. (200p8first described breaks in sedentary time as an
absolute number of transitions from se@depnto active phase; however, this approach
has been questioned due to ambiguity of its measurement pr@ipeaty, Matthews, et
al., 2011 Lyden et al., 2012 and has led the researchers to wonder if it is a pattern of
how sedentary time is accumulated or global measure of breaks as it may indicate
physical activity which may matter for heali@olley et al., 2013Saunders et al., 2013
The present study fills that gap by examining the impact of sedentary time and
breaks captured using different bout durations. The specific purposes were: 1) to
examine the accrued patterns of sedentary time and besa®; to evaluate the
sedentary time and breaks in different bout durations in relation to health outcomes,
including cardiovascular risk factors. The study is directly responsive to
recommendations for continued research on definitions and measurement of SB

(Matthews, Hagstromer, Pober, & Bowles, 2D13pecifically, examining sedentary



1C

bouts of varying duration in relation to health biomarkers wewténd our practical
understanding of SB which should be targé@den, 2012that may be of beneficial to

operationalize the sedimy time and breaks from accelerometry data in future research.

M ethods

Survey Data and Study Sample

The data for the present study were obtained from the NHANES 20@8 and
20052006. The NHANES dataset provides crssstional data for a national
representative sample of the US civilian aostitutionalized population selected by a
complex multistag@robability sampling scheme. The survey measured broad areas of
healthrelated outcomes through household interviews and physical examinations at the
mobile examination center (MEC).

Among participants who visitedydakle MEC,
were eligible for accelerometer measures. The Actigraph accelerometer (model 7164)
was used to obtain objective measures of physical activity. Participants were instructed to
wear the accelerometer on their right hip during waking hours acrasséautive days,
with the exception of when engaging in any wdiased activities (e.g., bathing or
swimming). Activity counts that represent integrated acceleration information of
ambulatory movements were recorded in misluteninute intervals. A detasd

description of the NHANES data can be foun@vatw.cdc.gov/nchs/nhanes.htm

A total of 9,151 adults (018 years) pro
those with missing values for one or moreha cardiovascular risk factors (with an

exception of fasting subomponent, TG) or covariates examined in this study, or with


http://www.cdc.gov/nchs/nhanes.htm
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insufficient valid accelerometer data (refer to later section), the final sample consisted of
5,917 adults (2,941 male and 2,9@6ale) which included a fasting ssample of 2,663

who provided a TG measure.



Table 1

Descriptive Statistics of Outcome Variables across Demogradphacacteristics among US Adults

Waist

Fasting suksample

% (SB CirCLE::nr;(irence (l_rL%I/_dE) (kE;’;/Irrllz) (mm;{g:;.l) %(SB Tri(?rl]);c/ﬁii()jes

Total (n=5,917) 95.43 (.40) 54.36 (.32) 27.75(.17)  7.38(.37) (n=2,667) 144.37 (3.35)
Gender

Male 48.43 (.61) 98.30 (.53) 4852 (.32) 27.63(.19)  9.00 (.47) 48.90 (1.02)  158.50 (3.85)

Female 51.57 (.61) 92.73 (.50) 59.85(.49) 27.87(23)  5.86(.35) 51.70 (1.02)  131.17 (4.29)
Race

Non-Hispanic White ~ 71.17 (2.23) 96.15 (.48) 54.29 (.36) 27.66 (.20)  7.06 (.44) 73.25(2.37)  147.15 (4.32)

NonrHispanic Black  11.93 (1.63) 96.12 (.63) 57.70 (.74) 29.43(.26)  7.52(.57) 10.02 (1.33)  112.85 (3.05)

Mexican American 8.34 (1.12) 94.13 (.65) 51.15(.50)  27.73(.24) 8.91 (.57) 7.97 (1.18) 160.90 (.8.29)

Other Hispanic/races 8.57 (.84) 89.76 (.99) 53.47 (.91) 26.26 (.43) 8.32 (1.03) 8.76 (1.06) 142.01 (7.60)
Income

<$15k 13.78 (.91) 93.19 (.85) 53.44 (84) 27.27(37)  8.86(.88) 10.44 (.71) 150.76(8.49)

$15k34.9k 25.33 (1.07) 95.18 (.72) 54.90 (56) 27.50(.25)  6.00 (.42) 24.73(1.10)  149.16 (9.16)

35k-64.9k 28.21 (1.10) 96.74 (.58) 53.26 (\49) 28.26 (.22)  7.04 (.59) 29.27 (1.39)  145.15 (4.63)

0%$65k 32.69 (1.76) 95.42 (.61) 55.29 (.41)  27.72(.26) 8.12 (.44) 35.56 (1.96)  138.53 (3.69)

Note All values are the surveyeighted means (standard error) unless otherwise specified
HDL-C = high-density lipoprotein cholesterol; BMi body mass index; MVPA moderateo-vigorousintensity physicactivity

A
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Accelerometry-basedSB M easures

An automated SAS macro provided by NCHS was used for quality control and to
identify nonwear times. Notwear time is defined as intervals of at least 60 minutes of O
activity counts (i.e.no movement), with allowance for up to 2 consecutive minutes of
activity counts between 0 and 10Qroiano et al., 2008 After removing norwear times
from raw accelerometer data, the following SB parameters were extracted for each
measurement day using the traditional algorithms as previously described in the literature

(Healy et al., 2008Viatthews et al., 2008

1) sedentary timé& a minute where aivity counts are <100 cpm;

2) sedentary breaka transition point from a sedentary (<100 cpm) to active phase
(0100 cpm);

3) sedentary bout a duration of continuous sedentary time (i.e., sedentary event);

4)  meanintensityi the average activity counts within each sedentary bout.

In addition, because we aimed to explore accrued patterns of sedentary time and
breaks, particularly focusing on sedentary bout durations, all SB measures were extracted
within the respetive bout durations of-inin, 224 min, 59 min, 1614 min, 1519 min,
20-24min, 252 9 mi n ,-miain aldit©rBto total accrued quantities.

All SB measures obtained for each measurement day were then averaged across
only valid days (i.e., 10 or mofreurs of wear time), to represent the average measures of
SB per day. Participants with 4 or more valid days are included in the ankdysis.
addition, because sedentary time or breaks are influenced by accelerometer wear times

(Matthews et al., 2008the leassquare adjustment for wear times was made for all SB
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measures using the residuals obtained from linear regression models where SB measures
were regressed on wear tinékealy, Matthews, et al., 201Willett, Howe, & Kushi,
1997).
Cardiovascular Risk Factors andOther Covariates

The primary purpose of this study was to evaluate the impact of different
measures of sedentary time on health outcomes after taking sedentary bout durations into
account. In this case, stronger associations with health outcomes wexipidated for
approaches that most effectively capture SB. Three measures of cardiovascular risk
factors, which include triglyceride (TG) (mg/dL), waist circumference (WC) (cm), and
high-density lipoprotein cholesterol (HBC) (mg/dL), were obtained as #esare
evident to be significantly associated with SB measures in recent studies that used the
NHANES dataBankoski et al., 203 Healy, Matthews, edl., 201). In addition, body
mas index (BMI) (kg/nf) was also obtained as there is still controversy in regards to its
relationship with SB measures in the NHANES ddaher et al., 201)3

The average time spent in moderievzigorousintensity physical activity
(MVPA), based on a modified 1fxin bout condition (i.e., a minimum of 8 out of 10
consecutive minutes of MVPA), across valid slayas obtained from raw accelerometer
data using the t(froiansetal.l2008Demog@Ehie2 0 cp m
characteristics of the participants including age (years), sex, race/ethnicitH{djmamnic
White, NonHispanic Black, Mexican American, and Other Hispanic/other races), and
family income ($15k, $15k34.9k, $35k6 4 . 9k, O$65k) wer e al so u!

the statistical model (See Table 1 for descriptive statistics).
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Statistical Analyses

To explore the accumulation patterns of SB measures, descriptive statistics as
well as the proportia (%) of accrued sedentary time and breaks within each bout
duration were estimated. Univariate normality of sedentary time and breaks within each
bout duration were examined by the skewness and kurtosis statistics in order to assure the
use of parameter linear models for sequential steps.

To evaluate the measurement properties of accrued sedentary time and breaks
across a set of bout durations, bivariate correlation analyses with total sedentary time and
breaks were performed using a mean of uncarceitémtotal correlation analysis. Item
total correlation analysis is a wddhown statistical approach for evaluating the construct
validity of measurement at the item leyHunnally, Bernstein, & Berge, 19%7n this
study, we assumed that the sedentary times and breaks within each bout duagitre
subitems that consisted of total sedentary time and breaks, respectively. A positive and
rel atively high c or(Nuenbllgétalpl86icasexgeftadi ent of
each of the correlation analyses. In addition, bivariate correlation analyses for pairs of
sedentary time and breaks at each bout duratioe esnducted as the secondary analysis
to aid in better understanding of the practical significance of sedentary breaks after taking
bout durations into account.

Lastly, separate linear regression models were fitted for each bout duration in
order to evalate the measurement properties of sedentary time and breaks within each
bout duration in relation to cardiovascular risk factors after controlling for covariates. In
this analysis, total sedentary time or breaks were not adjusted in each regression model

due to the fact that the separate independent associations of-ttengutnents of total
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measure with the dependent variable may be unreliably estimated when total measure is
adjusted in the modéBatiaAbouta et al., 2003Nacholder et al., 1994

All statistical analyses were performed using SURVEY procedures in SAS v9.3
(SAS Institute Inc, Cary, NC) to account for the complex sampling designs in the
NHANES. Fouryear sample weights were calculated using tyed& sample weights of
the NHANES 20022004 al 20052006 cycles. To account for a selection bias by
inclusion criteria of this study,-year sample weights were recalculated based on sample
weights in the raw NHANES 2003006 data after taking age, gender, and racial/ethnic
groups into account. Fané analyses of fasting swomponent measure [i.e., TG], feur
year fasting susample weights were used. A prior significance level was get a5

for all statistical analyses.

Results

Descriptive statistics for accrued SB measures are presented in Table 2. US
adults spent an average of 482.88 minutes per day in sedentary time, which were
accumulated over 93.02 sedentary bouts. A majority of sedentary times was observed
within bout durabns of <10 minutes ¢inin = 36.30%, 24 min = 33.27%, and-9 min =
15.53%). Similarly, of the 92.41 total sedentary breaks, a majority of sedentary breaks
were also detected within bout durations @hih (36.54%), 24 min (33.65%), and-9
min (15.56%).

Bivariate correlation analyses of sedentary time and bout durations revealed
negative relationships for durations efriin and 24 min ¢ = -.64 andr = -.24,

respectively) and a positive relationship for durations-8frbin ¢ = .35). In contrast,
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consstently strong positive relationships were found between sedentary breaks and each
of the bout duration indicators-(hin: r = .80, 24 min:r = .94, and 8 min:r = .61).

The results of the regression analyses are presented in Table 3. Overall, total
salentary time was deleteriously associated with all health outcomesi(W@aO05, p
=.049; HDL-C: b =-.012,p <.001; TG:b = .113,p <.001) with an exception of BMb(
=.001;p =.521). However, separate regression analyses across bout durations revealed
mixed associations with health outcomes. Specifically, sedentary time at bout durations
of 1-min, 24 min, or 59 min were beneficially associated with WCr{iln: b =-0.189,p
<.001; 24 min:b =-0.083,p <.001; 59 min:b =-0.032,p =.003), HDL-C (2-min: b =
111,p <.001), TG (2min: b =-1.136,p <.001), and BMI (imin: b = -0.056,p <.001,
2-4 min:b =-0.025,p <.001; 59 min:b =-0.014,p =.004). Sedentary times at bout
durati odg onfi n@ain@vereel&teriously associated witlC\allpd s <

.05 andHDLC (allpbs < .05), respectively.
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Pertaining to sedentary breaks, total sedentary breaks was positively associated
with WC (b =-0.124,p <.001) and BMI p =-0.040,p <.001). However, similar to
sedentary time, counterintuitive associations of sedentary breaks with health outcomes
were also detected after taking bout durations into accoaningtancethe significant
associations of sedentary breaks with decreasetldéWC were detected at bout
durations of <104 min (min: b =-0.188,p <.001; 24 min:b =-0.226,p <.001; 59
min: b =-0.241,p = .002) while opposite associations were detected at remaining longer
bout durations where the sedentary breaks wgrgfsiantly associated with increased
level of WC (allpd s < Maredver) although there were insignificant associations of
total sedentary breaks with HBL (b = 0.028,p =.141) and TGI{ =-0.099,p = .675),
sedentary breaks at bout duration @hih was significantly and positively associated
with HDL-C (b =0.111,p <.001) and TGl{=-1.141,p <.001), and again, deleterious
associations were detected for the remaining longer bout durations.

To extend the understanding of thBuenceof bout duratns on the
relationship with healtbutcomeswe created two sets of composite variables for
sedentary time and breaks based on the thresbbib-min and<10-min bout duratioa
The bivariate correlation analyses for pairs of sedentary time and bheaksds
relatively high interrelationships for botkengths(fé6 s = . 973 -mmimd . 772
criterion;ro s = . 8 8 3 animdriterio®)%&e Téblx). Th& <eparate regression
analyses using new composite variables showed consistent trends whengitteions
of the relationships of sedentary time and breaks with health outcomes tended to be
differentiated by the thresholds of bout durations (Table 5). For instanemiof 5

criterion, sedentary time at 4Bin was beneficially associated with decea level of

O |
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WC (b = -0.068,p <.001) while sedentary time @t5min was significantly associated

with increased level of Wb(= 0.044,p = .293).
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Discussion

The objective measuresB using accelerometers has been examineelation
to a variety of health outcomeslthoughthebody of literature heshown promising
implications of reducingrolongedsedentary timand increasing sedentary breaks as
theymayprovide potential healthenefits little attention has been given to the issues
related to data processing of accelerometry data to operatioB8lparameterdn this
study, we found two main issugsconverting raw accelerometer data to SB parameters

that are worth discusx.

How Long isthe Minimum Sedentary Bout Duration to Define ProlongedSedentary
Time?

SB has been defined as any activity during waking hours that requires low
energy expenditures of <1.5 MET, which typically involves prolonged sitting or a
reclined postte such as watching TV, working on a computer, or driving #@aen et
al., 201Q Pate et al., 2008However, there has been a lack of clear definition regarding
the minimum duration of sedentary bout that could potentially be considered as
prolonged sedentary time, requiring more gffdo explore the accrued patterns of
sedentary time in relation to health biomarkers.

The initial finding of the accrued patterns of sedentary time using single minute
bout was that a majority of sedentary time had occurred within relatively short bout
durations. Of 93.02 sedentary bouts, approximately 70% were attributed to the sedentary

time that occurred at bout durations ofm5 n (& 8 5 -%in)f which ascaudted for
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approxi mately 27 % of t o-mia)lFurthesndoebivaiatey t i me
correlations analyses for pairs of sedentary times at bout durationsiaf 24 min, and

5-9 min with total sedentary time showed negative or relatively weak linear relationships

(r &<40). These findings imply that the sedentary times that last over relatively short
durations may not represent the same measurement construct atetitargdimes at

relatively long bout durations.

To further examine the significations of bout durations in objectively measured
sedentary time, separate linear regression analyses were performed in relation to the
health outcomes. Pertaining to total esetéry time, our findings are consistent with
previous studiefHealy, Matthews, et al., 201Henson et al., 20)3where significant
detrimental associations were observed with,\MDL-C, and TG. Moreover, our result
showing the insignificant relationship of total sedentary time with BMI was also
consistent with a recent stuaher et al., 200)Xhat used the same study sample.
However, the implications of total sedentary time in relation to health outcomes were not
constant after taking bout durations into account. The accruedtagdimes at bout
durations of <&min were beneficially associated with WC, H{Q, and BMI as shown
in Table 5. These results are in contrast to the current understanding of the deleterious

associations of accrued sedentary time with health outcomes.
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One possible explanation which would support our findings may be related to the
measurement system of the accelerometer used in NHANES. The Actigraph
accelerometer used in NHANES is an energy classificatioicelé&ctigraph model
7164) that records the accelerations of ambulatory movements of the waist in forms of
activity countgGranat, 201R An activity cubff of <100 cpm has broadly been used for
calibrating sedentary time in Actigraph accelerometer data with evidence of moderately
high correlations in sedentary time between accelerometer and the Intelligent Device for
Energy Expenditure and Activity monit@Matthews et al., 20Q8however, it has also
been generbt acknowledged that the energy classification devices may not be adequate
to distinguish changes in posture (e.g., sitting vs. stanf@mgnat, 2012Kozey-Keadle
et al., 201). Specifically, activities that feature activity counts <100 cpm may include
light-intensity physical activities in a standing position, such as washing dishes or folding
laundry(Kozey, Lyden, Howe, Staudenmayer, & Freedson, 204Bich may have
positive physiological effects by producing low levels of energy expenditure tiwatig
the postural muscle activatio(tdamilton et al., 2008 Thus, it is plausible to say that the
minutes where the activity counts are <100 cpm and lastriatively short duration
may potentially include time spent in ligimtensity physical activities, which in turn may
positively influence on the health outcomes. However, it should also be noted that the
average intensity during sedentary times-arid2-4 min bout durations was 42.17 cpm
(SE=.14) and 30.77 cpnBE= .11), respectively, which were lower than the previously
proposed SB thresholds of 150 cfifozey-Keadle et al., 2091100 cpm(Matthews et
al., 2008, or 50 cpm(Crouter, Dellavalle, Haas, Frongillo, & Bassett, 20Iis may

imply that the beneficial associations of accrued sedentary time at short bout durations
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with health outcomes are n&lely due to an inability to capture sitting posture by an
energy classification device using <100 cpm as a threshold of sedentary.

While acknowledging the functional limitation of energy classification devices to
discriminate sitting postures, it is alstll questionable whether a short bout of sedentary
time can be considered as a measure of the time spent in prolonged SB. The major
context of SB (e.g., watching TV, driving a car, etc.) are predominated by prolonged
sitting with low energy expenditu{®wen et al., 2010 However, relying on a single
minute or shorter bout to estimate the time spent in SB from accelerometer data may
significantly include time spent sporadicsedentary behavidsut not necessarily
prolongedsedentary behaviolFor example, people may take a few minute breaks in a
sitting position during an exercise session and it may not be legitimate to consider this
short break time as the time spenpinlonged sedentary behavior

Using shorter epochs ortervals in summarizing accelerometer data would
provide better descriptions of the continuity of human movement in diineg
environment. However, without accounting for appropriate bout duration when
converting raw accelerometer data to SB pararseter operational definition of
sedentary time may not be congruent with what has been defined at the conceptual level
(i.e., the time spent in prolonged SB). This may be an issue not only for Actigraph
accelerometers but also for other accelerometersasutite posture classification device.
A recent studyHarrington, Dowd, Bourke, & Donnelly, 201that utilized ActivPal
accelerometer (PAL Tedblogies Ltd, Glasgow, UK) among adolescents defined a 15
second interval as a minimum duration of sitting time and the results also highlighted that

a large number of sitting events occurred in short bout durationsmir5Although it
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would be challenigg to determine the minimum duration of sedentary time which may
negatively impact the physiological responses in the human body, the efforts to
distinguish the time spent prolonged sedentary behavifyom accelerometer data
should be made when the ihgation of the public health message is placedesiucing

prolonged sedentary timand not on total sedentary time

Are We Measuring Sedentary Breaks or the Number of Sedentary Bos?

Sedentary break has emerged as one of the promising interventionnemtgpo
that may significantly decrease the risk of cardiovascular disédeaby etal., 2008
Owen et al., 2000 Dunstan et al. (2032ighlighted that even short bout of interruptions
in sedentary time with lightor moderatantensity walking significantly reduced the
levels of postprandial glucose and insulin. Despite its potential for improving public
health, little is known as to oto operationalize the breaks in sedentary time from
accelerometry data that may provide the outputs congruent with what has been defined in
the conceptual level. Particularly, the absolute number of transitions from sedentary to
active phase has been exsively examined assuming that sedentary time is considered to
be interrupted when transition occikealy et al., 2008 however, the measurement
properties of this approach has been questioned.

In this study, the accrued patterns of sedgrieeaks using the algorithm used
by Healy et al. (2008showed that approximately 70% of sedentary breaks occurred at
sedentary bouts of <®in. (85% for <10min), which is almost identical to what we
found with respect to theumber of sedentary bouts. Furthermore, the accrued sedentary

breaks at 4min bout duration are identical to the accrued sedentary timenat hout
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duration. The underlying reason for this finding is that the current algorithm to extract
sedentary breaksom raw accelerometer data is, indeed, an alternative expression to
extract the number of sedentary bouts. In other words, counting the number of transition
points from a sedentary to active phase would produce the same or slightly smaller
guantity compagd to the number of sedentary bouts. Only small differences would exist
depending on the existence of sedentary time at the end of a continuous measurement
period (e.g., sedentary time at the end of wear time or day would be considered as a
sedentary boutut not counted for sedentary breaks). This notion could also be supported
by the perfect linear relationships between sedentary time and breaks at each bout
duration which clearly imply that sedentary breaks obtained by the current algorithm are
an alterative parameter that quantifies the amount of sedentary time at each bout
duration.

Meanwhile, the correlation coefficient between total sedentary time and total
sedentary breaks wa23, which may lead to the conclusion of a weak relationship
between ttal sedentary time and breaksealy, Matthews, et al., 20L1However, this is
because of the expansion of range in total sedentary time that significantly attenuates the
relationship with total sedentary breaks. For exampigitlincreases in total sedentary
breaks may indicate an increase in total sedentary time by a minimum of one to thirty
minutes or more depending on the sedentary bout durations where the breaks occurred.
As shown in Table 4, the correlation coefficientsAmen sedentary time and breaks get
close to 1.0 as the range of sedentary time narrowsuaitincreases in sedentary

breaks.
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While acknowledging the operational limitations of breaks in sedentary time, the
transitions from a sedentary to active phasg include standing from a sitting position
or walking a step which could also be considered as an indicator of physical activity.
(Healy et al., 2008 However, as illustrated in Table 5, our results showed that
significant and protective ssciations of sedentary breaks with health outcomes only
hold true at bout durations of <hin, while the deleterious associations were detected at
the bout duminaThésefimdingsoafe lik€lylsimilar to the results we found
with respect to sezhtary time at each bout duration. Given that the sedentary breaks is an
alternative score that represents the number of sedentary bouts as discussed above, the
implications may be more related to the patterns of how sedentary time is accumulated
rather tlan to physical activity which may matter for health (e.g., a higher number of
sedentary events with long bout is deleteriously associated with health outcome).
Therefore, sedentary breaks presented as absolute number of transitions from sedentary to
activephase may not be considered as breaks in sedentary time or an indicator of
physical activity, and caution is warranted when drawing conclusions about sedentary
breaks in relation to health outcome.

Taken together all above mentioned evidence, it is flut say that sedentary
breaks represented by absolute number of transitions from sedentary to active phase is an
incomplete measure of the patterns of sedentary time that does not take account for the
respective bout durations which may matter for healitcomesLyden et al. (2012
proposed break rate calculated by total number of breaks divided by total sedentary time
as a feasible metric specificafigr detecting intervention effects. However, given that the

breaks is an alternative measure of number of sedentary bouts, it only represents the
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average number of sedentary bouts to accumulate one sedentary hour, which may be
more relevant to the accumation patterns of sedentary time rather than to breaks in
sedentary time. On one sidéhastin and Granat (20)Lproposed a standardized

statistics, Gini index, which takes both the number of sedentatg bod the respective

bout durations into account; however, it may not be legitimate to consider Gini index as a
measure of sedentary breaks, and more efforts to distinguish the breaks in sedentary time
from the patterns of sedentary time accumulation Ishioe made.

We believe that identifying the breaks or interruption in sedentary time in the
observational study is a difficult task that cannot be comparable to examining the patterns
of how sedentary time is accumulated. The noun break reférs toteruption of
continuity or uniformityor a pause in work or during an activity or evé@xford
Dictionaries Online, 2093 This may imply that true breaks in sedentary time would
possibly exist only within a continuous bout of SB pursuit. In other words, a strong
assumption has to be made that sedensaayfundamental behavior of the participants
during the measurement period if the transition from a sedentary to active phase is to be
considered as a sedentary break. For example, in the laboratory experimental study
conducted byunstan et al. (20)2the participants were instructed to sit over 7 hours
beginning with 2 hours to achieve steady state and then traiitmms (interruptions by
2-minute bouts of walking activities) were applied during the remaining 5 hours. The trial
protocols were weltlesigned to fully reflect the conceptual definition of sedentary breaks
(breaks or interruptions in sedentary timegduese the participants were, again, forced to
be sedentary during the measurement period. However, from an evolutionary perspective,

humans are born to be acti¢@ordain, Gotshall, & Eaton, 1988nd it may not be
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legitimate to consider a simple transitor om a sedentary to acti ve
sedent ar y divingendronment irmwhithrwe o not know whether the
observed transitions have purposely occurred within the continuity of SB pursuits or just
simply at the true end of SB pursuit. Quessible approach to identify objectively
measured sedentary breaks in fligeng environments could be a combination with
subjective measures (e.g., physical activity log/dgidgaly, Clak, et al., 201}, from
which one can obtain the time period information where the fundamental behavior of the
participants were expected or assumed to be sedentary (e.g., office hours).
There have been a few attempts to operationally defingethentary behavior
boutthat may possibly include true breaks within the b@atrson and Janssen (2011
defined a SB bominasea pariwbdchf O®B® of mi
(i.e., <100 cpm)withnomotehan 5 consecutive minutes 010
number of transitions from a sedentary to active phase was then extracted. Although there
could be some practical issues such as restricting the break durations to <5 minutes, this
could be one possiblgparoach to overcome the limitation that may distinguish the
operationalization of sedentary breaks from the patterns of sedentary time accumulation.
This study is not without limitations. First, the present study is-diatan
research that relies on cressctional data that limits our ability to draw causal
relationships of SB measures with health outcomes. Moreover, the implications of our
findingsare mainly limited to the practice of Actigraph accelerometer used in the
NHANES 20032006 cycles, and caution is needed when interpreting the results for the
study with different measurement protocols compared to the NHANES. Finally, the main

focus of ths study was limited to the data processing issues, particularly focusing on SB
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measures. There are several important issues in using accelerometer data for a large
observational study, s ucwearéinse opdefiningnen pant s o
weartime which could not be addressed in the present study. The readers who are

interested in these particular issues should refer to previous re@dattnews et al.,

2012 TudorLocke, Camhi, & Troiano, 20312Vard, Evenson, Vaughn, Rodgers, &

Troiano, 2005Winkler et al., 2012for an extensive understanding of taassues and to
potentially address them in future research.

SB is purposefully engaged activities in different contexts that are predominated
by prolonged sedentary time with low energy expenditure and possibly include sedentary
breakgOwen et al., 2010 However, the most commonly used algorithms to obtain SB
parameters from accelerometer data may not perform well enough to fully reflect the
conceptual definitions of respective parameters inlfvég settings. The present study
elucidated the necessity of determining the minimum duration of sedentary time that can
potentially be considered as prolonged SB. Prior information on SB bouts would be
required in order to identify true sedentary breaks that fully reflect the conceptual
definition of sedentary breaks (i.e., interruptions in sedentary time). Future research
should be aimed at developing a new algorithm/approach to discriminate SB bouts from
the raw accelerometer data in order to improve the measurement properties ofebpject

measured SB in health outcome research.
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CHAPTER 1lI
VALIDATION OF OBJECT IVE MONITORING DEVIC ES

FOR THE ASSESSMENT OF SEDENTARY BHEAVIOR
IN A FREE-LIVING ENVIRONMENT

Introduction

Sedentary behavior (SB), which is conceptually defined as any purposefully
engaged activity that is predominated by prolonged sitting or a reclining posture with low
energy expenditure (<1.5 MET&wen, Healy, Matthews, & Dunstan, 2Q18as
become a major health risk behavior in modern society. A rapidly growing evidence has
demonstrated the negative impacts of sedentary behaviors on various health outcomes
including, but not limited to cardioveslar risk factors, chronic disease related
morbidity, and mortalitfBankoski etal., 2011 Healy, Matthews, Dunstan, Winkler, &
Owen, 2011Katzmarzyk & Lee, 201, XKoster etal., 2012 Wijndaele et al., 2001
Increased awareness of the importance of SB in public health has led ® demand
for accurate assessment of SB in a-frédag environmeni(Atkin et al., 2012Marshall
& Merchant, 2013

Of the various types of methods to assess SB, objective methods using
accelerometersave extensively been used in studies ranging from clinical trials te large
scale observational studies with greater reliability and validity compared to subjective
methodgAtkin et al., 2012Healy, Clark, et al., 20)1Several accelerometers have been
developed by different manufactureredahey can generally be classified into two broad
categories (i.e., energy expenditure devices and postural devices) based on functional

features as to how they capture the human mover(@rasat, 201p
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Energy expenditure devices typically measure activities by examining the
frequency and amplitude of accelerations generated by ambulatory movements to which
they are attached. These raw accelerations
software to povide output values in the form of activity counts, for tefined time
intervals (i.e., epochs). A number of thresholds of activity counts have been proposed for
di fferent intensity |l evels of physical act
acceleromeadrs(Freedson, Melanson, & Sirard, 199Bor example, in one frequently
used energy expenditure device, the Actigraph (ActiGraph LLC, Pensacola, FL)
accelerometer, the thresholdaaftivity counts for measuring SB is <100 counts per
minute (cpm)Matthews et al., 20Q8which approximately corresponds to the energy
cost of <1.5 METSs. Postural classification devices like the activPal (Physical Activity
Techrologies, Glasgow, Scotland) use the inclinometer to detect the postural information
and provide outputs within three classifications of activities (lying/sitting, standing, and
walking), of which lying/sitting is commonly considered as(&frrington, Dowd,

Bourke, & Donnely, 2011 KozeyKeadle, Libertine, Lyden, Staudenmayer, & Freedson,
2011).

Despite the promising aspects of using objective methods to better characterizing
SB in a frediving setting, several measurement critiques have been raised for each type
of monitoring devicéAtkin et al., 2012Granat, 2012Marshall & Merchant, 201)3
Most of the critiques, in general, were relatedhe difficulty of operationalizing SB
congruent with what it has been defined at the conceptual level, particularly focusing on
the components of energy expenditure (<1.5 METSs) and posture (sitting). For instance,

the researchers examining SB usingrgpelassification devices may have to make an
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arbitrary assumption regarding body posture (i.e., sitting or lying) when estimated energy
expenditures for the respective time intervals are less than the threshold of SB.
Conversely, postural classificatiolevices may fail to account for the energy
expenditures when classifying lying/sitting to SB. However, previous studies that
examined the validity of different types of accelerometer for assessment of SB in both
laboratory and freéving settings generatlconcluded that the posture classification
device (i.e., activPal) provides better estimates of time spent in SB with less bias and high
accuracy while the performance of energy expenditure classification devices (e.qg.,
Actigraph) using a fixed threshofday introduce significantly large random errors,
potentially altering study outcomésozeyKeadle et al., 2031 yden, KozeyKeadle,
Staudenmayer, & Freedson, 2012

A continuous effort has been made to refine the methods in order to obtain
accurate and precise estimates of SB from the energy expenditure classification devices,
particularly focusingn posture classification. A new generation of Actigraph triaxial
accelerometers (e.g., GT3X) is equipped with a builh@inometer function that
provides the information about participant
the device is wrn on the hip and perfectly vertical. Furthermore, advanced statistical
techniques based on machine learning classification have been employed to develop the
optimized algorithm to better classify the postures from the Actigraph accelerometer data.
Lyden, KozeyKeadle, Staudenayer, and Freedson (2QIT4cently developed the
method calledojourn, which is a hybrid machine learning algorithm that combined the
artificial neural network with hantuilt decision tree analysis. The algorithm was

validated among 7 healthy adultsa freeliving environment and significantly improved
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the performance of Actigraph GT3X accelerometer for classifying SB compared with a
direct observation. However, the validity of Actigraph inclinometer function for the
assessment of SB is still questable in a frediving setting(Carr & Mahar, 202;
H&anggi, Phillips, & Rowlands, 20)2and the performance of the sojourn method still
needs to be further evaluated in different sample.

On the other hand, a recent study using an Actigraph accelerdietdy et al.,
2008 reported that sedentary breaks, which is defasethterruptions in sedentary time,
is a potential health indicator that is favorably associated with cardiovascular risk factors.
A number of studies have begun to focus on sedentary breaks as a feasible strategy to
i mprove an i ndi vi anethddiosopehaonalize the sederdavy dreaks
from accelerometer data was to count every transition point from sedentary to active
phase, which has led the researchers to question whether it is breaks in sedentary time or
the patterns of how sedentdiye is accumulated which may matter for heé@blley et
al., 2013. In our preliminary study using the National Health &hdrition Examination
Survey (NHANES) 2002006 accelerometry data, we found that an absolute number of
sedentary breaks obtained using the current operational definition is an incomplete
measure of the patterns how sedentary time is accumulated rahénehinterruptions
or breaks in sedentary time. We also proposed the necessity to develop the algorithm to
identify the sedentary behavior bout (8But) that is predominated by prolonged
sedentary time and possibly includes true breaks within the bout.

SB measurement is a relatively new scientific area that still has a significant room
for improvement. Specifically, establishing validity evidence of different accelerometers

for assessment of SB and the refinement of a data processing algorithm ty BBntif
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bout would be necessary to improve the measurement practice of SB. Therefore, the
purpose of this study is twofold: 1) to examine the validity of different types of
accelerometers to assess SB in alireeg environment compared with a proxy for
direct observation using Autograph{@xford Metrics Group, plc., Oxford, UKyearable
camera; and 2) to develop a new algorithm that could potentially identifyo88 which
may include true breaks or interruptions in sedentary time as congruent with hdmat i

been conceptually defined.

Methods

Participants and Procedures

A convenience sample of 11 adults (male = 8) were recruited from a community
in the midsouthern region of the US by word of mouth. The healthy adults between 20
60 years of age who do not have any physical disabilities or medical conditions that may
hampe them to engage in normal daily activities were invited for this study. All invited
participants had an initial meeting with the primary investigator, and the informed
consent that was approved by the University Institutional Review Board was obtained.
During this time, a careful explanation about the potential risk and privacy issues
associated with using a wearable camera was provided. Demographic information
including birthdate, gender, smoking status, andregibrted height (cm) and body
weight (kg)were also obtained.

Upon completion of the informed consent form, the participants were asked to
wear three accelerometers [Actigraph model GT3X, activPal, and Sens&Wear

Armband (Model MFSW; Body Media, Pittsburgh, PA, USA)] and an Autographer
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wearablecamera on designated body location for the respective devices (waist over the
right hips for Actigraph GT3X accelerometer; radterior position on right thigh for
activPal; triceps muscle on the left arm for SenseWearmband; and around the neck
usinga lanyard for AutographerThe measurement period was for up to approximately 6
hours in a single monitoring day until the Autographer automatically turned off due to the
battery limits (average monitoring period66.54+21.47 minu)e The participantsvere
instructed to perform normal daily activities without any behavior modification, such as

reducing SB or increasing physical activity during the measurement period.
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Demographic Characteristics of the Participants
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Total (N =11) Male (h =8) Female § = 3)
Age (yr) 30.67 (7.24) 29.51 (12.59) 33.76 (7.92)
Height (cm) 173.27 (8.86) 178.25 (6.83) 160.00 (3.00)
Weight (kg) 76.70 (17.81) 83.11 (27.63) 59.59 (5.56)
BMI (kg/m?) 25.36 (4.57) 26.15 (9.64) 23.26 (1.65)
Monitoring
Period (min) 366.54 (21.47) 373.36 (20.49) 348.35 (12.34)

Note Values are presented lgean(SD)



Table 2
Characteristics of théccelerometeMeasures

Device Output SB Identification Measure
Sojourn method (vertical axis) GT3X-S0j1x
Activity counts for Sojourn method (three axis) GT3X-S0j3x
1-sec epoch
Inclinometer GT3X-Incli-1s
Activity counts for <8 counts GT3X-<8cnts/10s
ActigraphGT3X 10-sec epoch Inclinometer GT3X-Incli-10s
<50cpm GT3X-<50cpm
Activity counts for <100cpm GT3X-<100cpm
60-sec epoch <150cpm GT3X-<150cpm
Inclinometer GT3X-Incli-60s
: Activity Events . " .
activPal 3C (time with seconds) Lying/Sitting activPal
SenseWedl Armband .
(Model MF-SW) METs /min <1.5METs Armband
o Images . ,
Autographer (Criterion) Standardized Coding Protocol Autographer

(time with seconds)

Note All measures were synchronized to-aecond dateSB = sedentary behavior, cpm = counts per minute

LY
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Accelerometer Measures and SB Identification

Actigraph. The Actigraph GT3X accelerometer, which is a light and sraa (
3.8cm x3.7 cm x 1.8 cm) triaxial accelerometer capable of recording accelerations in
three axes (verticafnterior posterior, anchediatlatera), wasused for this study. The
GT3X measures acceleraticstganging from30 Hz sampling rate in response to the
magnitude from +3gwhich is, in turn, integrated over a usifined epoch length as
activity countsFor this studyActigraph GT3X devicavasprogrammed to record
accelerations in-second epochasith low-frequency extensiomm order toincrease the
sensitivity to capture lovintensity movementmcludingSB. The devicevasattached on
an adjustable elastic bgdtnd the participantsereaskedo wear the accelerometers on
the waist over the right hifperfectly vertical) in order tensure the use of inbuilt
inclinometer function of the GT3¥or posture classificatioflying, sitting, standing, and
off).

Actilife software version 5.10.@asused tanitialize the device and tdownload
the timestamped accelerometgataby 1-secondBecause there is no empirically
proposed activity courthresholdfor SB in 2second epoghthe datavere collapsed into
60- and 10secondepoch lengthso apply the threshosbf <50 cpm, <100 cpm, and
<150cpm for 66second and <8 counts per 10 second fesddbnd datéCrouter,
Dellavalle, Haas, Frongillo, & Bassett, 2Q0Kbzey-Keadle et al., 2011 yden et al.,
2012 Matthews et al., 20Q8A time interval withverticalactivity counts less than the
thresholds was considered sedentary time fordbpectivehresholdsThe inclinaneter

outputs from 1second and collapsed-6dhd 10seconds data were also obtained, and the
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time intervals classified as lying or sitting were considered sedentary time for the
respective data.

Two differentversionsof the sojourn methodvereappliedto identify SB from
the secondby-second GT3Xaccelerometer datdhe first version (Sejlx) employshe
handbuilt decision tree approach to identify SB usaafjvity countsrom vertical axis
only. Briefly, the decision tree classifies time intervals fot wo t ypes of SB (
or lying fairly stilldéd and O6sitting with m
two classifier parameters (i.e., percentages and/or durations of nonzero activity counts)
for the respective time intervals. The @ed version (Sepx) uses the secord/-second
activity counts from three axes (vertical, anteposterior, and medidateral). The
similar classifier parameters (i.e., percentages and durations of nonzero activity counts
from the vertical axis) but witdifferent criterion are used in combination with an
artificial neural network to identify the
l'ying fairly stilldé or fAsitting with minor
method can be foxd from Lyden et al. (201¢ and the entire sojourrgarithm based on

an open sourcB-language is available at

www.math.umass.edu/~jstauden/SojournCode.zip

ActivPal. The activPal™ is a light and smalll5g; 3.5cm x5.3cm x 0.7 cm)
triaxial accelerometer, worn on the radterior position of the right thigh. The device
measures accelerations of the thigh at a sampling freque26yt+td, which is used to
produce the signals related to thigh inclination. Using the proprietary algonittira i
manufactureprovided software, the final output for body postures (Igitting,

standing, and walkingyasprovided.TheactivPal3 software version 7.1.%#&sused to


http://www.math.umass.edu/~jstauden/SojournCode.zip

5C

initialize the device and tdownloadaccelerometedlata. The event dathatprovidesthe
exact observetime with seconds when posture was changaslexpanded td-second
data for later analyse# time periodin which the posture wadassifiedaslying/sitting
wasconsidered sedentatiyne.

Senseweal™ Armband. The SenseWe8f Armband (Model MFSW) is a light
and small (45g; 5.5 cm x 6.2 cm x 1.3 cm) maénsor body monitoring device which
includea triaxial accelerometer, skin temperature sensor, galvanic skin response sensor
and thermometers for measuring heart fllixe devce wasconfigured withself-reported
height(cm), body weight(kg), birth date gender, smoking status, and handedness per the
manufacturer's instructioi$e devicevasworn over the triceps muscle and the
Senseweasoftware version 7.0 with propriety algorithrarsion 2.2.3vasused to
estimate energy expendituieg., METs)or 60-second epoch# time interval with
MET <1.5 wasconsidered sedentatiyne and the data was expanded teetond datéor
later analyse

Criterion Measure: Autographer. TheAutographer is a new generation of
SenseCam which was the first wearable camera used in lifelogging red2aineinty et
al., 2011 Kerr et al., 2018 The device is light and small (58g; 3.74 cm53cm x 2.29
cm), and incorporates five sensors (triaxial accelerometer, magnetometer, ambient
temperature, light level, and passive infrared) to deterthimleest moment to
automaticallycapture the imagenithout any user interventioithe device was $¢0
capture the images at high réa@proximatelyl0 images per minuteand the

participants were instructed to wear the Autograpineund the neck using a lanyard
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Aut ogr ap h éuilttssftiwareawasusedrto upload, store, and review the
time-stamped images taken during the measurement period. A standardized coding
protocoldeveloped fronKerr et al. (2018for the SenseCam image data was modified
for this study. Specifically, a restriction relative to the number of consecutive images
(approximately for 2 minutes)todefe t he sedentary fAevento
protocol was relaxed in order to reflect all SB regardless of the durations. A series of
visual cues including the limbs positions (e.g., hands on or legs underneath a table),
camera angles (e.g., lower thie persons who were standing), and the associated
environments (e.g., not involved in the exergislated environments such as bicycling,
static stretching, yoga, or weight lifting) of each image were simultaneously considered
to identify SB that are cgnuent with what it has been defined at the conceptual level.
Threeobservers who have sufficient trainimgthe area of physical activity at the
graduate levahdependently coaktheimagedatafor all participantsThediscrepancies
across observersere resolved by comprehensive discussion until they reamnsensus.
The secondby-second time intervals of the continuous images that were coded SB were

obtained.
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Development ofa New Algorithm

The new algorithm to identif$B-bout wasdeveloped using SAS v9(SAS

Institute Inc, Cary, NCand includs three sequential screening windowish user

modifiable searching parameters.

1)

2)

3)

1*'windowi Search for the beginning of S®ut if 5 consecutive minutes (300
consecutive secondslentified asSB are observed.

2" windowi Start from the time poirthatis not sedentary afteneetingthe

condition of1* window. Examine onsecutiveminutes (300 consecutive seconds)
of upstream and downstream frahe time pointhatis not sedentaryif 60% of 2
window s sedentarghen move onto next minute that is not sedentary and refleat 2
window.

3 windowi If the condition of2" windowis not metexamine 10 minute$Q0
consecutive seconds) of downstrefom the time point that failed to meet the
condition of 29 window. If 40% of the &' windowis sedentary then move onto next
minute that isot sedentary and repedf @indow. If the data do not meet the
condition of & window, stop searching and record the time point where"the 2

window starts as the end of $iBut.

The new algorithm was applied to 8B measurescluding the criterionand

three outcome variables were obtaineddach SB measure.

1) SB-bouti The time intervabetween théime point that meet the condition of 1

window and the time point that does not meet the condition nfirdow.

2) Sedentary timé Total accumulatededentary time withisB-bout.
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3) Breaks in sedentary timeTransition from sedentary to active phase witBBibout

Data Analysis

All accelerometedata managemenand statistical analysegereperformed
using SAS version 9.3\ graphial representation of the results was performed URing
language. Descriptive statistics [Mean and 95% confidence interval (Cl)] of SB
parameters including total sedentary time, the number of observed SB (i.e., events), and
the average duration of SB wearktained for each accelerometer measure.

To address aim 1, which is to examine the validity of different types of
accelerometer for assessment of SB, two approaches with different levels of focus (i.e.,
an aggregated level and a sectwyesecond level) we employed. First, average
differences in total sedentary time between the estimates from the accelerometer and the
criterion was calculatetb quantify the prediction errspf total sedentary time estimated
from each accelerometer. Mean differences \peesented by two statistical indices,
mean absolute percentage error (MAPE, %) and percentage (%) of bias, in order to
provide overall magnitude of the errors due to the bias and the direction of the bias (e.g.,
under or overestimation), respectively. 85% CI associated with the % of bias was also
considered as a proxy indicator for precision of the estimates. Second, thelsgcond
second accelerometer data were compared with thentiatehed, seconldy-second
criterion data with sedentary time intervaentifiedfor each participanfThe
proportions of the sedentary time intervals that are correctly classified (e.g., true positive)
and misclassified (e.g., false positive) as sedentary time intervals compared to the

criterion data were presented assgvity (o) andts pei ci fi city ( %) .

You
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which is the difference between the sensitivity argpécificity, was calculated as a
relative approximation to the overall performance of each accelerometer to identify true
sedentary timeVlean sensivity, 1-specificity, and Youdeas index across all participants
were calculated along with the associated 95% RHi coefficients were additionally
obtained for eachmeasureas an index of association withet criterion

Additional datasets that includedentary time intervals with different bout
conditi oses(dnoifn)OBEWHEOMD n) ,-se®MDOn) , aswsed 01200
(20-min) were created for all SB measures including the criterion in order to examine the
performance of each accelerometeidentify the structured SB given bout condison
The changes in MAPE, percentage of bias, sensitivity, aspedificity for each
accelerometer were calculated across different bout conditions.

To examine the validity of the new algorithm to determineb®Bt from the
accelerometer measures, the new algorithm was first applied to all measures, including
the criterion. Descriptive statisticl€an and 95% CI) were calculated for three SB
parameters including total estimated time, the number of observets eaed average
durations across three outcome variablesi§&t, sedentary time within a bout, and
sedentary breaks within a bout). Statistical approaches to address aim 2 were identical to
those employed to address aim 1. The mean differences oféstitahtedime across
three outcome variables between the accelerometer measures and the criterion were
expressed as MAPE (%) and the % of bias. Sensitivity espkdtificity were obtained by
comparing the secordly-second time intervals for SBout betwen the accelerometer

measures and the criteriéor each participant and presented as mean and 95% CI.
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Results

Validity of Accelerometer Measures to Identify SB

Table 3 presents the descriptive statistics of SB parameters across the measures
estimated from different types of accelerometers. The observed total sedentary time from
the criterion indicated that the participants generally spent a large amount (>0} of
monitoring period with SB. The estimated sedentary times from accelerometer measures
were not statistically different from the criterion (Mean = 246.57 min; 95% CI = 181.63,
313.51) which was evidenced by the overlapped 95% Cls; however, the rfréiier
and the average duration of SB estimated from each accelerometer measure were
statistically different from the criterion (Mean = 13.27; 95% CI = 9.44, 17.11; and Mean
=20.66 min; 95% CI = 13.77, 27.54, respectively). Significantly larger numb&®R of
were identified across all measures compared with the criterion with the exceptions of
GT3X-S0j3x (Mean = 13.73; 95% CIl = 10.24, 17.22), GHIBXli-60s (Mean = 22.45;
95% CIl = 14.92, 29.99), activPal (Mean = 18.18; 95% CI = 12.73, 23.64), and Armband
(Mean = 12.63; 95% CIl = 7.57, 17.68). Significantly smaller average duration of SB was
estimated compared with the criterion across all measures with the exceptions of GT3X
Soj3x (Mean = 18.67; 95% CIl = 12.7, 24.64), GF8X00cpm (Mean = 10.43; 95% CI| =
6.48 14.38), GT3X<150cpm (Mean = 12.54; 95% CIl = 7.49, 67.58), activPal (Mean =

15.65; 95% CI = 8.92, 22.37), and Armband (Mean = 13.46; 95% CI| = 7.48, 19.44).



Table 3

Descriptive Statistics of SB Parameters Across Accelerometer Measures

GT3X 1-sec epoch GT3X 10sec epoch GT3X 60sec epoch
Autographer activPal Armband
GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-  GT3X- GT3X- GT3X-
S0j3x Sojlx Incli-1s <8cnts/10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
s Lota: 247.57 236.28 22496 191.39 262.77 190.43 233.23 254.69 264.98 189.33 236.85 202.64
edentary
Time (181.63, (172.89, (168.67, (138.54, (217.57, (137.78, (182.23, (207.64, (219.12, (135.79, (174.10, (146.36,
(min) 313.51) 299.67) 281.26) 244.25) 307.96) 243.09) 284.23) 301.74) 310.83) 242.87) 299.61) 258.93)
Numb 13.27 13.73 23.82 55.09 137.00 53.00 32.00 27.82 24.91 22.45 18.18 13.45
umber
of SB (9.44, (10.24, (18.85, (35.60, (109.11, (34.53, (24.77, (22.11, (19.03, (14.92, (12.73, (9.75,
17.11) 17.22) 28.79) 74.58) 164.89) 71.67) 39.23) 33.53) 30.79) 29.99) 23.64) 17.16)
Mean 20.66 18.67 10.07 4.29 2.16 4.38 8.52 10.43 12.54 9.75 15.65 13.46
Durations
(min) (13.77, (12.70, (6.63, (2.76, (1.39, (2.86, (4.96, (6.48, (7.49, (7.00, (8.92, (7.48,
27.54) 24.64) 13.51) 5.81) 2.93) 5.91) 12.08) 14.38) 67.58) 12.49) 22.37) 19.44)

Note.Values are presented Biean(95% CJ); SB = sedentary behavior

LS
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Accuracy and precision of total sedentary time estimated from each accelerometer
measure compared with the criterion are presented in Table 4. The results at the
aggregated level indicated thatigPal showed the most accurate estimate of total
sedentary time with MAPE of 4.11 % (95% CI = 0.00, 8.42) and % of bis5#%

(95% CI =-8.08, 1.36), followed by GT360j3x with MAPE of 7.26% (95% CI| = 2.28,
12.24) and % of bias 62.81% (95% CI =9.67, 4.05). The GT3X inclinometérased
measures and Armband significant underestimated the total sedentary time from the
criterion which was evidenced by the negative limits of 95% Cls for GIh8k-1s (% of
bias =-18.94; 95% CI| =32.15,-5.49), GT3XIncli-10s (% of bias =19.32; 95% CI =
33.15,-5.49), GT3XIncli-60s (% of bias =19.91; 95% CIl =34.12,-5.70), and

Armband (% of bias =16.37; 95% CI =27.81,-4.92).

At the seconéy-second level, activPalemonstrated the best performance for
the classification of sedentary time intervals compared with the criterion, which was
evidenced by the highest ptoefficient (.89; 95% CI = .81, .97), sensitivity (95.01%;

95% C1=90.54,99.47),and smallessdec f i ci ty (2.52; 95% CI =
index was | argest for activPal (Youdendos i
non-overlapped 95% CI with other accelerometer measures, followed by-Sa[3X

with Youdends index 8042).74. 74 (95% ClI = 68.



Table 4

Validity of Accelerometer Measures the Assessment of SB

1-sec epoch 10-sec epoch 60-sec epoch
GT3X-  GT3X-  GT3X- GT3X-  GT3X- GT3X-  GT3X-  GT3X-  GT3x.  2ctvPal  Armband
S0j3x Sojlx Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Aggregated level
7.26 12.49 21.67 24.69 21.93 18.69 22.73 25.15 22.52 4.11 17.67
MAPE (%) (2.28, (5.60, (10.05, (0.00, (10.18, (1.73, (0.00, (0.00, (10.39, (0.00, (7.23,
12.24) 19.39) 33.29) 55.72) 33.67) 35.66) 53.68) 61.48) 34.65) 8.42) 28.11)
-2.81 -5.29 -18.94 21.14 -19.32 3.00 17.05 23.19 -19.91 -3.52 -16.37
% of bias (-9.67, (-15.83, (-32.73, (-12.17,  (-33.15, (-18.38, (-15.66, (-13.78, (-34.12, (-8.08, (-27.81,
4.05) 5.25) -5.15) 53.45) -5.49) 24.38) 49.77) 60.16) -5.70) 1.36) -4.92)
Seconeby-second level
Bhi 0.72 0.60 0.54 0.54 0.54 0.57 0.60 0.61 0.54 0.89 0.52
coeffictient (0.64, (0.48, (0.36, (0.42, (0.36, (0.46, (0.48, (0.48, (0.36, (0.81, (0.40,
0.79) 0.72) 0.72) 0.67) 0.72) 0.69) 0.71) 0.74) 0.73) 0.97) 0.64)
89.90 81.40 74.35 90.05 74.19 83.69 90.50 93.03 73.97 95.01 74.17
Sensitivity (85.08, (72.18, (61.75, (86.43, (61.53, (78.12, (87.52, (90.83, (61.01, (90.54, (62.52,
94.72) 90.63) 86.95) 93.68) 86.84) 89.25) 93.48) 95.23) 86.92) 99.47) 85.82)
15.16 15.44 14.19 35.07 13.70 21.26 28.70 32.20 13.50 2.52 16.75
1-Specificity ~ (8.15, (7.83, (5.15, (24.22, (4.90, (12.07,  (16.59,  (18.68, (4.46, (1.54, (9.50,
22.17) 23.06) 23.24) 45.92) 22.49) 30.45) 40.8) 45.71) 22.53) 3.50) 23.99)
v q 74.74 65.96 60.16 54.98 60.49 62.42 61.80 60.83 60.47 92.48 57.42
oudei
Index (68.05, (53.29, (43.08, (42.75, (43.57, (51.08, (49.99, (47.30, (43.45, (87.26, (45.51,
81.42) 78.63) 77.24) 67.21) 77.41) 73.77) 73.62) 74.36) 77.49) 97.70) 69.33)

Note. Values are presented lgan(95% CJ)); SB = sedentary behavidyJAPE = meanabsolute percentage error (%)

6S
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Validity of Accelerometers Measures to ldentify Structured SB

Descriptive statisticef SB parameters across accelerometer measures after
accounting for bout conditions GB00-sec,06 s c , -s©2 Q0 0 a rsecar®® 1 2 0 0
provided in the Supplemental Tables 1 through 4, respectively (See Appendix C). The
validity of accelerometer measures for identifying time intervals with structured SB at a
given bout 0iCB00-sec,06 &5t ¢ , -s® ¢ 0 0 a rsecaréptofidedin the
Supplemental Tables 5 through 8, respectively (See Appendix C).

Figure 1 depicts the changes in % of bias for total sedentary time estimated from
each accelerometer compared with the criterion across the bout conditions. On average,
most of GT3Xbased SBneasures (GT3>60j1x, GT3XIncli-1s, GT3%8cnts<10s,
GT3X-Incli-10s, GT3X<50cpm, and GT3Kcli-60s) significantly underestimated actual
total sedentary time compared with the criterion after accounting for bout conditions.
GT3X-So0j3x showed the most acate and stable estimates of total sedentary time across
the bout conditions, which was evidenced by the narrow range of 95% Cls that include
absolute zero at the given bout conditions.

Figure 2 depicts the changes in sensitivitgpgcificity, and Youde 6 s i nd e x
across the bout conditions. There was a reductionspécificity as increased
restrictions on the bout condition across all SB measures. Similarly, the increase in bout
conditions resulted in decreases in specificity across all acceleroneztsures, with the
exceptions of GT3>S0j3x and Armband which demonstrated relatively stable levels of

sensitivity across the bout conditions.
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Validity of Accelerometer Measures to Identify SBbout usinga New Algorithm

Three outcome variables including -$But, sedentary time and breaks within the
bout were estimated from all accelerometer measures including the criterion using the
new algorithm. Descriptive statistics of SB parameters for the respective outcome
variables are presented in Table 5.

On average, the estimated total time forlSit from the criterion was 249.83
min (95% CI = 181.89, 317.90), which was accumulated by an average of 4i2U&B
(95% CI = 3.37, 5.18). The estimated total sedentary timecgaichumber of sedentary
breaks within the bout resulting from new algorithm in the criterion were 240.99 min (95%
Cl =175.93, 306.06) and 5.73 (95% CI = 3.21, 8.24), respectively.

All accelerometer measures generated simi@an estimates for the outcome
variables of SBbout compared with the criterion, which was evidenced by overlapped 95%
Cls with the criterion. The estimated total sedentary time withibb&B was not
significantly different from the criterion; howevergthumber of sedentary events within
SB-bouts significantly differed from the criterion (Mean = 10.00; 95% CI = 7.52, 12.48)
in GT3X-8cnts<10s (Mean = 84.36; 95% CI = 58.53, 110.20), G¥3R0cpm (Mean =
18.82; 95% CI = 14.58, 23.05), and GT-3X50cpm (Mearr 17.27; 95% CI = 13.04,
21.50). Pertaining to the number of sedentary breaks withibhdsiB threshold®ased
GT3X measures including GT3&cnt<10s (Mean = 81.82; 95% CI = 55.64, 107.99),
GT3X-<50cpm (Mean = 15.18; 95% CI = 8.31, 22.05), GI&00cpm (Man = 15.09;
95% CI1 =10.75, 19.43), and GT3X.50cpm (Mean = 13.36; 95% CI = 8.92, 17.80)

produced significantly different mean estimates from the criterion.



Table 5

Descriptive Statistics for Three Outcome Variables cb8&

10-sec epoch

GT3X- GT3X-
8cnts<10s Incli-10s

Autographer
GT3X-
S0j3x
SB-bouts
Total Time 249.89 240.27
for SB-bout  (181.89, (172.99,
(min) 317.90) 307.56)
4.27 491
Nsug‘gthOf (3.37, (3.42,
5.18) 6.39)
Mean 64.84 64.30
Durations (39.71, (28.46,
(min) 89.98) 100.13)

1-sec epoch
GT3X- GT3X-
Sojlx Incli-1s
228.35 173.61
(167.45, (113.34,
289.24) 233.88)
4.64 4.82
(3.72, (4.03,
5.55) 5.60)
52.25 36.51
(35.26, (23.60,
69.24) 49.41)

258.70  172.11
(120.13, (112.48,
316.21) 231.74)

2.55 4.64
(173,  (3.88,
3.36) 5.39)

129.78  37.53
(72.53,  (24.60,
187.02)  50.46)

Note.Values are presented stean(95% CJ)); SB = sedentary behavior

60-sec epoch

<50cpm <100cpm <150cpm

99



Table 5 Con

Descriptive Statistics for Three Outcome Variables cb8&

1-sec epoch 10-sec epoch 60-sec epoch
Autographer activPal Armband
GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-
S0j3x Sojlx Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Sedentary Time within SBout
Total 240.99 229.89 212.89 161.76 229.08 159.96 211.0 237.55 251.28 167.46 229.58 192.38
Sedentary  (175.93, (166.15, (154.97, (107.05, (175.02, (105.94, (150.76, (185.34, (201.48, (112.79, (167.®, (134.57,
Time (min) 306.06) 293.63) 270.81) 216.48) 283.14) 213.97) 271.43) 289.76) 301.08) 222.12) 291.67) 250.19)
Number of 10.00 10.09 17.55 19.45 84.36 18.73 19.45 18.82 17.27 11.18 12.55 8.73
Sedentary (7.52, (7.08, (13.44, (10.67, (58.53, (20.02, (12.26, (14.58, (13.04, (7.22, (9.17, (5.88,
Events 12.48) 13.10) 21.65) 28.24) 110.D) 27.43) 26.65) 23.05) 21.5) 15.14) 15.92) 11.58)
Mean 25.13 23.49 12.14 9.80 3.2 10.11 12.26 13.65 16.01 15.96 19.7 24.05
Durations (18.17, (17.85, (9.41, (6.90, (2.07, (7.17, (8.41, (9.72, (11.23, (12.55, (13.81, (15.92,
(min) 32.10) 29.13) 14.87) 12.69) 4.33) 13.04) 16.11) 17.58) 20.79) 19.36) 25.59) 32.19)

Note.Values are presented Biean(95% C)

L9



Table 5 Con

Descriptive Statistics for Three Outcome Variables cb8&

1-sec epoch 10-secepoch 60-sec epoch
Autographer activPal Armband
GT3X-  GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-
S0j3x Soj1x Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Sedentary Breaks within SBout
Total 8.90 10.38 15.46 11.85 29.62 12.15 25.73 26.27 22.91 12.00 12.21 7.09
BreakTime (4.87, (3.76, (10.97, (5.24, (20.12, (5.47, (14.51, (19.64, (15.83, (6.04, (8.13, (2.37,
(min) 12.93) 17.01) 19.95) 18.46) 39.12) 18.83) 36.94) 32.9) 29.99) 17.96) 16.28) 11.81)
Number of 5.73 5.18 12.91 14.64 81.82 14.09 15.18 15.09 13.36 6.45 7.82 3.45
Sedentary (3.21, (1.84, (8.76, (5.86, (55.64, (5.40, (8.31, (10.75, (8.92, (2.67, (4.71, (0.86,
Breaks 8.24) 8.52) 17.06) 23.42) 107.99) 22.79) 22.05) 19.43) 17.90) 10.24) 10.92) 6.05)
Mean 1.63 2.02 1.25 0.86 0.37 0.93 1.76 1.79 1.77 2.02 1.69 2.54
Durations (1.27, (1.61, (1.06, (0.60, (0.31, (0.67, (1.58, (1.58, (1.51, (1.73,  (1.40, (1.46,
(min) 1.99) 2.44) 1.43) 1.11) 0.44) 1.19) 1.94) 2.03) 2.02) 2.31) 1.98) 3.62)

Note.Values are presented sean(95% CJ)

89
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The results of validity examination of accelerometer measures using the new
algorithm are presented in Table 6 through 8 for the following outcome variables, SB
bout, sedentary time, and sedentary breaks within-adiB

In general, the inclinometdrased GT3X and Armband measures significantly
underestimated the total time for ®But [% of bias =27.73 (95% CIl =-44.91,-10.55)
for GT3X-Incli-1s, % of bias =28.19 (95% CIl =45.38,-11.01) for GT3XIncli-10s,
and % ofbias =-24.66 (95% CIl =42.25,-7.06) for GT3X*Incli-60s, and % of bias =
19.26 (95% CIl =31.96,-6.56) for Armband] compared with the criterion. The best
performance, with the lowest MAPE of 4.86 (95% CI = 0.45, 9.27) aspktificity of
2.06 (95% CE 0.00, 4.26), and highest sensitivity of 96.27 (95% CI = 91.62, 100.00)
and phicorrelation coefficient of .91 (95% CI = .82, 1.00) was observed in activPal
measure.

The activPal identified sedentary time within-8But the best compared to the
criterion wi th the highest Youdendés index of 92
GT3X-Soj 3x with Youdends index of 76.90 (95%
showed highest Youdends index of 86.05 (95
thresholdbased G3X-measures includingGT3X150cpm ( Youdends i nde
Cl=58.67,86.89),andGT3X100cpm (Youdendés index = 71. 4

86.98) when assessing sedentary breaks withHh&@Bs.



Table 6

Validity of Accelerometer Measures for Assessment dfdsBUsinga New Algorithm

1-sec epoch 10-sec epoch 60-sec epoch
activPal ~ Armband
GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-
S0j3x Soj1x Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Aggregated level
9.28 11.42 27.85 28.00 28.26 17.62 28.42 28.68 27.91 4.86 21.11
MAPE (%) (3.20, (3.96, (10.77, (0.00, (11.13, (4.81, (0.00, (0.00, (12.92, (0.45, (9.96,
15.36) 18.88) 44.93) 64.02) 45.39) 30.43) 63.15) 64.76) 42.9) 9.27) 32.26)
-2.14 -5.86 -27.73 17.56 -28.19 -2.18 20.17 25.37 -24.66 -2.29 -19.26
% of bias (-10.94, (-16.03, (-44.91, (-21.60, (-45.38, (-19.95, (-17.32, (-11.92, (-42.25, (-7.64, (-31.96,
6.66) 4.31) -10.55) 56.72) -11.01) 15.59) 57.65) 62.66) -7.06) 3.05) -6.56)
Seconeby-second level
Phi- 0.73 0.63 0.55 0.52 0.55 0.64 0.59 0.62 0.53 0.91 0.51
coefficient (0.64, (0.50, (0.36, (0.33, (0.36, (0.52, (0.42, (0.45, (0.35, (0.82, (0.38,
0.81) 0.76) 0.74) 0.70) 0.73) 0.76) 0.76) 0.79) 0.71) 1.00) 0.65)
90.64 82.58 69.37 87.92 68.90 85.87 91.31 94.98 70.48 96.27 73.19
Sensitivity (84.90, (72.15, (53.30, (80.13, (52.79, (77.82, (86.69, (91.50, (54.76, (91.62, (60.55,
96.38) 93.00) 85.43) 95.72) 85.01) 93.92) 95.93) 98.44) 86.20) 100.00) 85.83)
15.58 13.89 8.20 36.86 8.24 19.99 33.75 35.78 11.52 2.06 15.87
1-Specificity (6.58, (4.47, (0.00, (17.83, (0.00, (8.72, (17.23, (19.44, (2.38, (0.00, (6.72,
24.58) 23.32) 17.75) 55.89) 17.84) 31.27) 50.26) 52.13) 20.66) 4.26) 25.02)
Youder 75.06 68.68 61.17 51.06 60.66 65.88 57.56 59.19 58.96 94.21 57.32
Index (66.47, (55.35, (44.58, (33.12, (43.94, (55.38, (41.50, (42.22, (42.92, (89.26, (44.16,
83.64) 82.02) 77.77) 69.00) 77.38) 76.37) 73.63) 76.15) 74.99) 99.15) 70.48)

Note Values are presented Mean(95% CJ); SB = sedentary behavid/APE = meanabsolute percentage error (%)

0L



Table 7

Validity of Accelerometer Measures for Assessment of the Sedentary Time witloint &8inga New Algorithm

1-sec epoch 10-sec epoch 60-sec epoch
activPal ~ Armband
GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-
S0j3x Soj1x Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Aggregated level
7.51 12.17 29.74 20.39 30.31 17.59 22.03 24.17 29.53 5.23 21.56
MAPE (%) (2.62, (5.58, (12.94, (0.00, (13.45, (8.64, (0.00, (0.00, (14.52, (0.76, (10.26,
12.41) 18.77) 46.54) 44.75) 47.18) 26.55) 48.51) 55.97) 44.54) 9.70) 32.85)
-3.50 -9.82 -29.69 4.42 -30.27 -10.85 9.73 17.91 -26.61 -4.09 -18.82
% of bias (-10.28, (-18.14, (-46.53, (-23.68, (-47.17, (-24.09, (-20.19, (-15.89, (-44.12, (-9.11, (-32.33,
3.28) -1.49) -12.85) 32.53) -13.38) 2.40) 39.65) 51.71) -9.09) 0.94) -5.31)
Seconeby-second level
Phi 0.74 0.62 0.55 0.56 0.55 0.62 0.62 0.65 0.53 0.90 0.53
coefficient (0.66, (0.52, (0.38, (0.42, (0.37, (0.53, (0.49, (0.51, (0.36, (0.82, (0.41,
0.82) 0.72) 0.73) 0.70) 0.72) 0.72) 0.75) 0.80) 0.71) 0.97) 0.64)
90.01 79.88 67.08 82.39 66.54 79.64 87.26 91.82 68.21 94.62 72.44
Sensitivity (84.87, (70.33, (51.22, (74.27, (50.61, (71.16, (82.10, (88.36, (52.46, (89.91, (59.70,
95.15) 89.42) 82.95) 90.52) 82.48) 88.12) 92.42) 95.28) 83.97) 99.33) 85.18)
13.11 12.39 7.10 23.82 6.94 13.07 22.67 25.85 10.09 2.06 15.08
1-Specificity (6.65, (5.51, (0.77, (11.02, (0.68, (5.95, (10.30, (11.98, (2.93, (0.59, (7.83,
19.57) 19.27) 13.42) 36.62) 13.20) 20.19) 35.05) 39.72) 17.25) 3.53) 22.33)
Youde: 76.90 67.49 59.99 58.57 59.60 66.57 64.59 65.97 58.12 92.56 57.36
Index (70.01, (56.27, (44.08, (44.67, (43.64, (57.15, (52.16, (51.41, (42.06, (87.56, (45.77,
83.78) 78.72) 75.90) 72.48) 75.57) 75.99) 77.02) 80.53) 74.19) 97.56) 68.95)

Note Values are presented Mean(95% CI); SB = sedentary behavid/APE = meanabsolute percentage error (%)

TL



Table 8

Validity of Accelerometer Measures for Assessment of the Sedentary Breaks witbint 8Binga New Algorithm

1-secepoch 10-sec epoch 60-sec epoch
activPal  Armband
GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X- GT3X-
S0j3x Soj1x Incli-1s 8cnts<10s Incli-10s <50cpm <100cpm <150cpm Incli-60s
Aggregated level
43.24 81.85 74.66 224.46 74.03 175.0 207.37 181.86 65.64 54.32 62.34
MAPE (%) (25.44, (22.15, (0.00, (81.93, (0.00, (73.04, (62.05, (43.31, (5.32, (10.11, (32.11,
61.05) 141.54) 151.49) 366.99) 150.64) 278.37) 352.68) 320.41) 125.96) 98.54) 92.56)
1.76 80.92 40.21 224.46 42.37 170.29 207.37 181.86 38.20 53.47 -19.61
% of bias (-33.51, (20.59, (-48.m, (81.93, (-45.37, (63.20, (62.05, (43.31, (-32.88, (8.75, (-71.1,
37.03) 141.23) 128.91) 366.99) 130.11) 277.39) 352.68) 320.41) 109.29) 98.20) 31.89)
Seconeby-second level
Phi 0.44 0.29 0.22 0.31 0.23 0.35 0.43 0.46 0.23 0.71 0.18
coefficient (0.28, (0.14, (0.09, (0.21, (0.09, (0.20, (0.34, (0.37, (0.12, (0.61, (0.00,
0.61) 0.44) 0.36) 0.41) 0.37) 0.49) 0.53) 0.55) 0.34) 0.82) 0.37)
48.20 43.70 28.38 60.59 29.27 61.59 76.93 77.58 28.60 87.55 16.07
Sensitivity (26.68, (20.68, (10.10, (40.96, (10.64, (36.87, (61.99, (63.71, (13.83, (77.27, (0.00,
69.71) 66.74) 46.66) 80.21) 47.91) 86.32) 91.87) 91.45) 43.37) 97.82) 33.23)
1.76 3.46 2.56 7.66 2.61 6.23 6.12 4.87 2.59 1.36 1.54
1-Specificity (0.70, (2.56, (1.13, (4.33, (1.18, (3.26, (3.93, (3.30, (1.29, (0.67, (0.55,
2.80) 4.35) 3.98) 10.99) 4.03) 9.20) 8.30) 6.45) 3.88) 2.05) 2.53)
Youder 46.64 40.32 25.57 54.08 26.4 55.71 71.49 72.78 25.75 86.05 14.38
Index (25.58, (17.54, (7.98, (34.85, (8.41, (29.76, (55.99, (58.67, (11.46, (75.52, (0.00,
67.7) 63.10) 43.16) 73.30) 44.40) 81.67) 86.98) 86.89) 40.05) 96.58) 31.19)

Note.Values are presented s®an(95% CJ); MAPE= mean absolute percentage error (%)

L
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Discussion

SB is a growing public health concern that is significantly associated with chronic
diseases and mortalifiatzmarzyk & Lee, 201,20wen, 201, requiring he field to
have a valid measure of SB. This study investigated the validity of different types of
accelerometer measures to identify SB aneb8Bt that was estimated using a new
algorithm against to the proxy of direct observation of SB in aliveey environment. In
general, the findings of this study indicated that activPal, which is primarily developed
for the classification of body posture, performed the best with accurate and precise
estimates of SB parameters when compared with the criteriomgréyuit GT3X
demonstrated the improved performance for the classification of SB specifically when
applying the Sojourn method for the secdrygsecond activity counts from three axes
compared with the single axis, threshelldsed GT3X measures. Another inmpat
finding of this study is that the likelihood of misclassification of SB using Actigraph
accelerometer could possibly be minimized by restricting sedentary bouts when
operationalizing the sedentary time. Meanwhile, the performance of the new algorithm
identify SB-bout was varied across different accelerometer measures. The use of activPal
in combination with the new algorithm was accurate and precise in estimatibgusB
parameters. The followings are the detailed discussion on the importang$iredin

current study.
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Validity of Accelerometers Measures to Identify SB

The accelerometer has been increasingly used for quantifying SB inlaifnge
environment and has been advocated compared with the subjective measures of SB (e.g.,
guestionnaire). However, a current concern that still remains unclear is related to the
validity of different types of accelerometer to identify SB, that is conceptually
characterized by two primary components, body posture (i.e., sitting or reclining) and
energy expenditure (i.e., <1.5 MET).

In this study, we investigated the validity ofébraccelerometers (Actigraph
GT3X, activPal, and Armband) with different functional characteristics (i.e., posture
classification and energy expenditure classification) to identify SB compared with the
proxy of direct observation using the automated wderedmera in a frekving setting.
The results of current study indicated, on average, that the estimated total time spent in
SB from all accelerometer measures was not significantly different compared with the
criterion with this modest sample size. Hwee the amount of mean differences in total
sedentary time of each accelerometer measure at the individual level expressed as MAPE
(%) ranged from the smallest of 4.11% for activPal to the largest of 25.15% in-GT3X
<150cpm. In addition, the inclinometbased GT3X measures and Armband
significantly underestimated the actual total sedentary time compared to the criterion.

Our findings are generally aligned with previous reports that suggest that the
activPal is the most accurate and precise measure ahSBgaadultsGrant, Ryan,
Tigbe, and Granat (20p@&xamined the validity of activPal accelerometer during
everyday activities including SB (e.g., watching TV) compared with the direct

observation inte controlled and daily living settings. The results highlighted that the
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activPal correctly classified SB with high sensitivity of 99.7% and 99.5% in a controlled
and daily living settings, respectively. Another recent s{ayzey-Keadle et al., 2011
comparing the performance of Actigraph GT3X and activPal accelerometers for the
assessment of SB in comparison with the diobservation in a frekving environment

also reported that the activPal is the most accurate and precise monitoring device that is
sensitive enough to detect changes in total sedentary time.

However, our findings, after restricting certain bout condgiamen
operationalizing the sedentary time, showed reduced performance of activPal for
correctly identifying true time intervals of structured SB at given bout conditions.
Although the changes in sensitivity andggdecificity across different bout condi®
were not statistically significant in this modest sample size, this could be of vital
importance since the failure to detect true structured SB might increase the number of
sedentary events, one of the possible indicators for the patterns of howehagetime
is accumulated. As shown in Table 3, the number of sedentary events from activPal was
18.18 (95% CI = 12.73, 23.64) which is greater than the critemienl3.27; 95% CI =
9.44, 17.11) and hence reduced the average duration of sedentakydveener,
considering the high sensitivity and specificity of the activPal and its high accuracy for
estimating total sedentary time, it is legitimate to speculate that the duration of
misclassification is relatively short that could possibly be minimizeithdreasing the
minimum period of upright period. Our results were based on the default setting of
minimum period of 10 seconds (possible range from 1 through 100 seconds) for both
sitting and upright; however, changes in these parameters could posiu#pce the

performance of activPal to correctly identify the time spent in structured SB which may
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also affect the estimates of the pattern of sedentary time accumbdgbaeed et al.,
2013.

A continuous effort has been maderefine the methods to identify SB using
energy expenditure classification devices. Specifically, several different thresholds have
been proposed for Actigraph accelerometer particularly focusing on the vertical
accelerations that might correspond to5<MET; however, the findings were generally
inconsistent. For instance, the threshold of <100 cpm has been extensively used for
guantifying the time spent in SB in the studies ranging from a clinical to a large scale
epidemiological studyHealy, Matthews, et al., 201Matthews et al., 2008However,
the findings fronKozey-Keadle et al. (200)1using Actigraph GT3X accelerometer with
the lowfrequency extension demonstrated that the threshold of <150 cpm produced the
most accurate estimate ofabsedentary time (mean error 1.8%) compared with the
direct observation while the threshold of <100 cpm showed significant underestimation
(mean % of bias4.9%). MeanwhileCrouter et al. (200)3eported that the threshold of
<50 cpm for the Actigraph GT1M accelerometer in a-fr@gag setting was within 1.8%
of measured sedentary time while <8 counts per 10 seconds, which might be theoretically
idertical to <50 cpm, resulted in 20.8% of sedentary time compared to the estimated
sedentary time using <1.5 MET from the Cosmed K4b2 (Cosmed, S.R.L., Italy).

In present study, we found that the average total sedentary time estimated from
thresholdbased GT3Xneasures were comparable to the criterion. However, the
accuracy of the estimates was largely varied by the individual differences, as depicted by
the relatively wide range of 95% Cls in MAPE and % of bias for those measures. This

may imply that the abily of thresholdbased GT3X measures to classify SB might be
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influenced by unidentified random errors at the individual level that may worsen the
precision of the estimatékozey-Keadle et al., 2071

It is also worthwhile to note that the sensitivity was slightly improved by
increasing the thresholds for GT3X measure, which also resulted in the increased ratios
of misclassification (Ipecificity) of sedentary time. The threshblased GT3X
measures tg on the vertical accelerations when the device is mounted on waist, that may
not be sensitive enough to detect the changes in the posture (e.g., sit to stand and stand to
sit) (Grand, 2012 Lyden et al., 2012 Our findings may imply that the increased
thresholds would improve the SB assessments of the GT3X accelerometer by identifying
possible SB with minimal movements that migidrease the accelerations in the vertical
axis. However, it should also be noted that it would simultaneously increase the
likelihood of misclassification of lighintensity physical activity (e.g., standing still) as
sedentary.

The current study extendehis finding by restricting the sedentary bouts when
operationalizing the sedentary time. Our findings indicated that the increased restrictions
on sedentary bout resulted in the reduced ratiesgekifitiy. Specifically, the bout
condi t i onondsf{l5 QiButes) forsttee GT3X150cpm dramatically reduced the
1-specificity from 32.20% (95% CI = 18.68, 45.71) for-Mgstriction to 8.92% (95% ClI
= 0.00, 20.78) while the changes in sensitivity was minimal (93.03% foestaction
and 90. 5 6-9c dout condifiénD This may be of vital importance for a study
that examines the dosesponse relationship between sedentary time and health
outcomes using Actigraph accelerometer. In a recent study that examined the influence of

sedentary bout on threlationship between the sedentary time and metabolic risk factors
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using the NHANES 2002005 accelerometer data (Actigraph model 7164), the short

bout (<10 minute) of sedentary time were, in general, positively associated with health
outcomes while negat associations were observed in the longer bout of sedentary time
when using the threshold of <100 cpm. We also highlighted that the use of total sedentary
time without bout restrictions significantly influenced the implications of the relationship
with health outcomes (e.g., no significant association with BMI when using total

sedentary time, but significant and negative association with BMI in the longer sedentary
bout).

Restricting sedentary bout may limit the operational definition of sedentary time
to be the time spent in the structured SB at given sedentary bout condition. However,
considering that the possible dagsponse relationship of longer sedentary bout and
health outcomes are previously documented using activPal acceler(@teistin &

Granat, 201)) it could be a legitimate approach to extract the longer sedentary bout from
GT3X measure when using the threshold approach in order to minimize the measurement
errors.

Meanwhile, several updates have been made to the Actigraph accelerometer.
Specifially, the inclinometer function enables the GT3X device to measure posture when
the device is worperfectly verticabnthe hip. In the present study, the inclinometer
based GT3X measures significantly underestimated total sedentary time regardless of the
epoch lengths compared with the criterion. Furthermore, wkslgetificity for all epoch
lengths were relatively lowdf3.50%- 14.19%) compared to the threshdldsed GT3X
measures, sensitivity (73.979%44.35%) was significantly lower than GT3%L00 cpm

(90.50%) and GT3>150 cpm (93.03%). Our findings are aligned with the previous
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reports that indicated low accuradyiieclinometer function in the GT3X. In a study
conducted byCarr and Mahar (2@ that examined the validity of Actigraph GT3X+
measures including the inclinometer outputs for identification of SB andifitgtsity
activity in a controlled setting highlighted that the percentages of correctly classified SB
were 66.7%, 63.4%, and @846 for lying down, sitting while watching TV, and sitting
while working on a computer, respectively. Although the inbuilt inclinometer function in
the Actigraph GT3X device can be useful to estimate the possible postural information,
its low accuracy andrecision should be of concern when measuring SB in ditieg
setting.

Recently, an advanced statistical approach based on a machine learning technique
has been increasingly applied to obtain the accurate and precise level of physical activity
including SB from the accelerometer outputgden et al. (2014proposed a hybrid
machine learning method called Sojourn methods that combines artificial neural network
with handbuilt decision trees. SojouIx uses the information about the percentage and
duration of zero activity counts from the secdrnydsecondvertical axis activity counts.
using the decision tree approach, it determines time intervals for sitting/lying still and
sitting with minimal movements separated from the standing still and standing with
minimal movement. SojourBx uses the percentagermn-zero activity counts from
vertical axis to determine time intervals for inactivity. The neural network that was
trained to distinguish sedentary from standing in alik@eg setting is further applied to
estimate the time intervals with SB sepadldtem lightintensity physical activity (i.e.,g
standing still and standing with minimal movement) using the sebgisgécond activity

counts from three axes (vertical, anteqpasterior, and medidateral).
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The methods are primarily aimed to estimaté™ from hipmounted, Actigraph
accelerometer outputs; however, the validation results also highlighted that Sojourn
methods significantly improved the performance of Actigraph GT3X accelerometer to
identify the time spent in SB (mean % of bias of 8.8 @Ador Sojouralx and-3x,
respectively) compared to the threshbltsed (<100 cpm) GT3X measure. In present
study, the accuracy and precision of the estimated total sedentary time using the Sojourn
methods were relatively higher than other GTi3¥asuresSpecifically, the
misclassification ratio (nesedentary to sedentary) was relatively lowesggcificity =
15.16% and 15.44% for GT3®0j3x and GT3XSo0j1x, respectively) and the overall
performances to identify SB intervals were the seeand thirdhighest as shown by
Youdenodés indices 0,81.42)4AndBx96% @DEL]! A9, 78636 8. 05
for GT3X-S0j3x and GT3XSoj1x, respectively.

Although Sojourn methods showed relatively higher accuracy and precision
compared to other GT3X measure® tverall performance to identify true sedentary
time intervals while minimizing the misclassification of true 1s@dentary time was
significantly | ower compared to the activP
97.70)]. However, our analysis aftestricting sedentary bouts showed relatively
constant sensitivity and decreased -spEcificity for GT3%So0j3x. This suggests that the
use of Sojourn method in combination with certain bout restriction may improve the
accuracy of the time spent in sttured SB at any given bout duration that could be
comparable to the activPal. Furthermore, considering that the training data that were used
to distinguish the sedentary from standing in the neural network analysis for S8yourn

was developed among relaly small sample size (6 participantsyden et al., 2014
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training the neural network model with a larger sample size with varying patterns of
habitual SB in a freéving setting would likely improve the performance of SojeGn

when assessing SB.

Validity of Accelerometers Measuredo ldentify SB-bout using a New Algorithm

There has been increased evidence showing a beneficial association of breaks in
SB with various health outcom@3unstan et al., 201 Healy et al., 2008 Specifically,
the absolute number of transitions from sedentary to active phase has been extensively
used to examine the desesponse association with health outcofiesaly et al., 2008
Healy, Matthevs, et al., 201t however, this approach has also been questioned. A
previous report using the NHANES 2062805 accelerometer data indicated that
operationalizing the sedentary breaks as an absolute number of transitions from sedentary
to active phase is an alternativgpeession of the number of sedentary bouts that is more
relevant to the patterns of how sedentary time is accumulated.

In present study, an algorithm was developed that can readily identiip&Bn
accelerometer data, including the structured sedetitaeyand possible breaks within the
bout. It was our rationale that the interruption in sedentary time would occur within the
structured SBoout. However, the results showed that algorithm worked only for the
activPal which led relatively high accuracydgorecision in estimating SB parameters.

The accuracy and precision for the-B8uts and sedentary time estimates within the bout
from each accelerometer measure were similar to the validity results of respective
accelerometer measure without any boutriegin. The findings from this study imply

that the ability of the algorithm to accurately estimate sedentary breaks within the bout
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would likely depend on the validity of each accelerometer to detect the postural
differences.

There are several limitatns that need to be addressed when interpreting the
results. First, the findings were based on the relatively small sample size (11 participants)
which might influence on the variations in the estimates due to the sampling error.
Second, the use of the Awgfrapher automated wearable camera as the criterion measure
might introduce a measurement error due to the time intervals between the images. The
Autographer typically captures a maximum of 10 images in a minute and thus it might
fail to capture the images the exact moment when the posture was changed. Although
the observed bias was within £5 second when compared with the direct observation in
our preliminary calibration phase, this bias likely influences the sensitivity-and 1
specificity estimated frorthe secondby-second data.

In conclusion, the estimated total sedentary time was not statistically different
across different accelerometer measures. However, the GT3X measures based on the
thresholds from the vertical axis and the inclinometer funegwell as the Armband
may not be sensitive enough to detect postural information, increasing the likelihood of
misclassification of noisedentary time. The use of the Sojourn method using activity
counts from three axes provides more accurate and pestisgtes of sedentary time
compared to other GT3X measures; however, the activPal is a more accurate monitoring
device when assessing SB. One possible strategy to improve the performance of the
thresholdsbased GT3X measures would be the restriction ddrsry bout in
combination with the threshold of <150 cpm that may decrease the likelihood of

misclassification of noisedentary time. In addition, there are limitations to the new
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algorithm developed to identify SBout since the performance of new algon may be
significantly influenced by the functional ability of monitoring device used to identify the

sedentary behavior from the accelerometer outputs.
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Appendix A - Informed Consent

Research Volunteer

KlNESMETRICS Information Form

MIDDLE TENMNESSEE STATE UNIVERSITY PLEASE READ THE FOLLOWING
CAREFULLY

Title:

Development and validation of a new sedentary behavior identification algorithm for
accelerometers

What is the study about?

We want to measure how much time you spent on Sedentary Behaviors (e.g., sitting at a desk, driving a car,
otc.) in a single day using multiple devices.

Wae want to compare the accuracy of outcomes (e.g., time spent in sedentary behaviors) across multiple
devices.

Wheo is eligible for participation in this study?

1. Healthy adults, ages between 20 and 60, who are physically and cognitively able to perform normal
daily activities.
2. Provide written consent to complete study protocols and willing to comply the study protocols.

What will | be expected to do?

You will be asked to comply with the following procedures:

[ First visit ]I:>[ M“E:;rmg ]I:>[ Second visit ]

1. At the First visit you will be asked to do the following:

¢ Toll us your job, age, and allow us to measure your height and weight.
¢ We will introduce the monitoring devices you shall wear during the monitoring day.

1. Two Actigraph accelerometers
- The devices will be clipped to a strap around your waist
2. Sensewear™ Armband
- This device will be placed over the triceps muscle
3. ActivPal accelerometer
- This device will be placed on the mid-anterior position of the right thigh
4. Autographer - automated wearable camera
- This device will be placed around the neck using a lanyard
+ Tell us the outlines of your activities that may be happened in the upcoming monitoring day.
- We will discuss the possible locations/situations that you may need to deactivate or remove the
Autographer automated wearable camera in your menitoring day.
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