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Abstract

Purpose: Sedentary behaviour (SB)associated with a nurabof adverse health outcomes.
Studies that have used accelerometedefine sedentaryme tendto use a threshold of

<100 counts per minute (cpm) for classifyfaB; however, this cut-point was not empirically
derived for adultslt is not known whether accelerometer cut-points3Brdiffer depending

on the contexin whichit occursWe aimed to: 1) empirically derivanoptimal threshold for
classifyingSB, using the cpm output from the ActiGraph GT3X+, compéaodtie sedentary
classification from the activPAL'8; and 2) ascertain whether this var®ddayof the week
andin workingtime versus non-working time.

Methods: A convenience sample of 30 office-based university employees (10 males, 20
females; age 40.47+£10.95 years; BMI 23.93+2.46 kg/m2) wore the ActiGraph GT3X+ and
activPAL3™ devices simultaneously for seven days. Data were downloaded minute
epochs and non-wetime was removed. Generalised estimating equations werdaussake
minuteby minute comparisons of sedentéme from the two devices, using sitting from the
activPAL3™ asthe criterion measure.

Results: After data reduction participants provided on average 11 hours 58 minutes of data
per day. The derived cut-points from the models were significantly hagheeSaturday
(97cpm) comparetb weekdays (6€pm) and Sunday (57cpm). Derived cpm for sedentary
time during working time were significantly lower compatedon-workingtime (35

[95%CI 30-41] vs. 7354-113]). Comparetb the 100cpm and 150cpm thresholds, the
empirically derived cut-points were not significantly differanterms of area-under-the-
curve, but had lower mean bias for each ofathe week and for working and non-working

times.



Conclusion: Accelerometer cut-points f&B candepend on day and also domain,
suggesting that the naturesitting differs depending on the contextwhich sedentartime

is accrued.

Keywords:
accelerometers, objective measurement, physical inactivity, threshold, workplace, sedentary

behaviour, cut-points



Introduction

Sedentary behaviour (definedany waking behavioun a sitting or reclining position, with
energy expenditurgl.5 METs (Sedentary Behaviour Research Network [SBRN] 2042))
associated with a number of health outcomes (Gavah2010), including: metabolic
syndrome risk factors (Hamiltagt al 2007, Stamatakist al 2012); obesity (Hetal 2003);

type 2 diabetes (Hatal 2003); back pain (Cheztal 2009); and mortality (in particular from
cardiovascular disease and cancer) (Katzmaezgk 2009, van der Ploeg al 2012). Many

of these correlates of sedentary behaviour and health-related outcomes have beénshown
independent of moderate vigorous physical activity levels (Owemnal 2010). The extero
which this apparent effect of sedentary behaviean artefact of the way physical activity
incorporated into the analysis modisinclear, since a recent study that adjusted for total
physical activity (including light physical activity) showed that sedentary behaviour was not
anindependent risk factor for cardio-metabolic biomarkers (Mahar2014). A

compositional analysigy Chastinetal (2015) showed that the distributiontiohe spentin
sedentary behaviourp-dependent witime spent sleeping, and light- and moderatt®
vigorous physical activity, was associated with some, but not all cardio-metabolic
biomarkers. Theres a needo further improve howve measure sedentary behaviour and

light physical activity.

Many studies that have found associations between sedentary behaviours and health-related
outcomes have primarily measured self-reported sedemagypased on leisutene (i.e.

television time) (Thorgtal 2010), or self-reported total sedenttmye (Properetal 2007).
Subjective measuresd sedentary behaviour are limitbgh underestimates of sedentaime
(Clemesetal 2012, Rosenbermgt al 2010); recall limitationg questionnaires; and tetal

have‘low-to-moderaté validity comparedo objective measures (Atketal 2012).



Objective measures of sedentary behaviour, astiose obtained from the use of
accelerometer-based devices (Matthetasl 2008, Healetal 2016, Dunstastal 2012), are
ableto examine duration, frequency and intensity of activities, including how mmehs

spentat a predetermined level of activity using different thresholds.

Matthewset al. (Matthewset al 2008) were the firdb describeime spentin sedentary
behaviours usingnobjective measure of sedentary time, for participantse National

Health and Nutrition Examination Survey (NHANES). The accelerometer-based device used
in their study was the ActiGraph 7164; the magnitude of the acceleration meagared
ActiGraph devicewithin a specified epods convertedo a count using a proprietary
algorithm,asanapproximation foerergy expenditure. Sedentary behaviour was defased

less than100 counts per minute (cpm). This cut-point had been based on a study that defined
sedentary behaviour thresholdsa sample of adolescent girls (age 13-14 years old) (Treuth
etal 2004a). The aim of the stuly Treuthetal (2004a) waso define a regression equation

to estimate energy expenditure (metabolic equivalent) from accelerometer counts using the
ActiGraph 7164 device, ard define thresholds of these counts for different activity levels
(including sedentary behaviour). Although the 100 cpm cut-point has been widein used
adult sedentary behaviour studieshould be noted that: (i) it was derived fram

adolescent female populationjstknown that activity behaviour differs between adults and
children, with children tendintp carry out activityin short and sporadic bursts compat@d

adults (Welketal 2000), andnincreasen sitting time with increasing age (Matthevesal

2008); (ii)it was derived from two screen based leisure activities (TV viewing and playing
computer games), that are not representative of sedeimiaiy adults; (iii) the counts from

the studyby Treuthetal (2004a) were recordéa 30 second epochs; the relationship

between epoctength and cut-poinis not linear, andt has been suggested that doubling



count thresholds from 30 secotwb0 second epochs, would letad‘considerable errofin

total estimates” (Aguilar-Fariasetal 2013).

Thereis limited evidencen adults on the validity of the <100 cpm udedlefine sedentary
time, especiallyn newer models of the ActiGraph acceleromdtern study of 20 overweight
office workers (mean body mass index [BMI] 33.7 kf)/rKozey-Keadleet al (2011)
suggested that 150 cpm miaga more appropriate cut-poittt define sedentary behaviour,
when comparetb direct observation. This comparabléo an ActiGraph calibration study,
by Lopesetal (2009) that also found a higher threshold (200 cpm) for sedentary behaviour
obese and overweight pattsfmean BMI 31.0 kg/rf) (Lopeset al 2009). Crouteet al

(2006) proposednarbitrary cut-point of 50 cpro distinguish sedentary behaviour from
light physical activityjn a cohort of working age adults (mean BMI 24.2 kg/rm contrast,
a study of older adults (mean age 73.5 years), found that a much lower Ilth(e&5ocpm,
based on the activPALS sedentary behaviour classification) may be more appropoiate
define sedentary behaviouranolder age group (Aguilar-Fariasal 2013). These studies
suggest thait may be appropriat® have different cut-points dependent on BMI and age

(Owenetal 2010).

It has been suggested that sederttarg in the work and leisure domains may represent
differing associations with health outcomes (Pinto Peetiah 2012). Given that theis so
much variation between the accelerometer cut points derived for different populai®ns,
reasonabléo assume that different contexts may also teatifferent thresholds. There has
been no empirically derived accelerometer cut-points for sedentary behavaouits, and
therefore the primary aim of this study wasmpirically derivean optimal threshold for

correctly classifying sedentary behaviour, using the cpm output from the ActiGraph GT3X+



accelerometer, when compartedhe sedentary classification from the actPM
accelerometen a free-living environment. The activPA\L device, whichs usedto classify
posture, has been showmbe a valid measure when distinguishing between sitting/lying,
standing andocomotionin everyday activities (Kozey-Keadé&tal 2011, Granetal 2006).

It is importantto be ableto accurately measure sedentary behaviour on different days (i.e.
work and non-work) (Propatal 2007), and alsm different domains (i.e. working and non-
working hours) (Thorgtal 2012, Clemestal 2014); and consequently, a secondary aim
wasto ascertain whether thresholds for sedentary behaviour cut-points bpdey of the

week andn workingtime versus non-working time.

Methods

A convenience samplef 30 employees/post graduate students (healthy volunteers that spend
most of theirworking day sitting) from the University of Salford were askedarticipate

in the study. Prioto the study commencement, ethics approval was gréytdwe Collegeof

Health and Social Care Ethical Approval Paat¢he University of Salford, and participants

provided written informed consent.

Accelerometers

The ActiGraph GT3X+ accelerometsra small (4.6x3.3x1.5cm), light-weight (199)
instrument that records acceleratiarthe vertical, antero-posterior and medio-lateral axes,
worn atthe waist (ActiGraph LLC, Pensacola, FloridB).ensure the outcomes of this study
were analogous with other generations of ActiGraph devices, only the accelerations on the
vertical axis were analysed (Thagpal 2012, Matthewstal 2008, Maheetal 2014,
Stamataki®tal 2012). These accelerations are integrated, using a proprietary algagthm,

anactivity count over a specified epoch; for this study, these are reterasdpm.



The activPAL3M is a small, light-weight (15g) accelerometer-based devicadladttachedo

the anterior aspect of the thigh (PAL Technologies Ltd, Glasgow, Scotland). Data from this
instrument classifies activities into sedentary (sitting/lying), standing and stride events.
Consecutive stride events are combiteedive walking events. The output from the
activPAL™ has been validated for classificatiohsedentary, upright, standing and walking
activitiesin a rangeof populations including older adults (Graatial 2006, 2008), anid an
accurate device® measure sedentary behaviaua free-living environment (Kozey-Keadle

etal 2011, Baumgartnetal 2015).

Procedure

Participants were asked wear the ActiGraph GT3X+ and the activPAM3evices,
simultaneously for seven days. The ActiGraph GT3X+ was worn during all waking hours;
the activPAL3M was worn continuousg for 24 hours a day and was omgmoved for

bathing or swimming. The ActiGraph GT3X+ was worn on the right hip (on the midaxillary
line), attached witlanadjustable belt; the activPAE8 was attachetb the front (middle-
anterior line)of the right thigh (with hypoallergenic double-sided adhesive pad). Participants
were askedo record their sleeping houws anactivity diary; they were also askemrecord

their working hours, and either accelerometer was removed,tthe it was removed and

the reasoiit was removed.

Data cleaning and data reduction
The data from both device types were downloaded using the manufacaafware, and
imported into Stata, where all data cleaning, reduction and analysis was carried out

(StataCorp. 2013. Stata Statistical Software: Release 13. College Station, Texas: StataCorp



LP). The data from the ActiGraph GT3X+ device were downloaded using the ActiLife
v5.10.0 softwardy ActiGraph, using the low-frequency extension for 60 second epochs
(Cainetal 2013); the cpm from the vertical axis were transfetoegtata along with the date
andtime variables. The data from the activPAM3device were downloaded using the
activPAL(tm) v7.2.29 softwarby PAL Technologies Ltd; the time, interval and activity
variables were transferred from the eventstéi&tata (Edwardsoet al 2016). To ensure that
data relatedo only genuine wearme a numbepof decision rules were implementekh
automated program was writtenStatato match the 60 second epoch data from both devices
andto derive non-weatime for all participants; the rules for deleting non-wiare were
implementedn the following order: (i) the first five minutes after both devices were attached
were deleted, and conversely the five minutes poat least one device being removed were
also deleted (reasons accelerometers were removed included sleeping, bathing and
swimming); (ii) using the activity diary, for any recorded periods of cycling or attending the
gym, the period was removed together with the ten minutes before and the ten minutes after
the stated period. ieto the lack of movemerdf thebody’s core when cycling, using gym
equipment (e.g. rowing machine) and resistance training, the accelerometer may not
accurately measure these activities (Watlil 2000); (iii) the Troiano automated algorithm
was usedo remove further non-wedaime; this was definedsbouts 0>60 minutes of
consecutive zero counts from the ActiGraph GT3X+, allowing interruptions taf twmn

counts of non-zero counts (less than or equaD0cpm) (Troian@t al 2008); (iv) sedentary
bouts longer than 120 minutes from the activPRL®ere also assuméd be non-wear

time; (v) lastly, spurious data of over 15,000 cpm from the ActiGraph GT3X+ were deleted

(Esligeretal 2005).

Statistical analyses



Statistical methods useadl calibration studieso derive cut-points from accelerometers have
tendedio generate regression equations for different activity intensities, based on statistical
models between energy expenditure and accelerometer counts. Indirect calorimetry units that
are usedo measure energy expenditure can be a buw#re user, andre only generally

used for a few houtis a free-living environment where sedentary behaviour most naturally
occurs (Crouteetal 2013).To deriveanappropriate cut-point for sedentary behaviour, the
changan counts ovetime from the ActiGraph GT3X+ must first be accounted for. The
counts from each successive minute are likelye autocorrelated with the previous minute
and also with the following minute; for example, a person sitting during a given ngnute
more likelyto be sitting during the next minute (Tryon 2011). The statistical models of
choice for this study, generalised estimating equations (GEESs), wertousakle minutdy
minute comparisons of cpm from the ActiGraph GT3X+ and the sedentary classification of
the activPAL3M. A sedentary minute from the activPARBwas defined when all 60

seconds were classifi@ssitting or lying; however, since the participants wore both devices
during waking hours only, the sedentary behaviour recorded was mordihkelypent

sitting than lying.

GEEs take into account the within-subject correlation between measurements, whilst also
making usef all available data (Liang and Zeger 198®&).advantage of GEE analysis over
standard regression techniquethat they are designed specifically for anelys repeated
measures. Individual GEE models were generated for each dasvede¢k, working days,
weekend days, all seven dayighe week, worktimes and non-worktimes. For each GEE
model, the mean of the predicted distribution was calculated from the recipragal(bésed

on the gamma distribution and the reciprocal link function); the upper-threshold of the

predicted distribution was usedthe proposed cut-poinGEE models were limitetb the



waking hours of between 08:00 and 22t@@chieve sufficient replicates for model
convergence. Working hours were limited between 09:00 and 16:30, and non-working hours

were limited between 18:00 and 22:00.

The accuracy of the derived cut-points from the GEE models was maximized using
bootstrapping techniquesy resampling the observations 1000 times for each regression
model; all models were adjusted for age and sex. The classification acctitiaeyderived
cut-points was compared that of the previously proposed cut-points for sedentary
behaviour (100 and 150 cpiy calculating the sensitivity, specificity, and area under the
receiver operating characteristic curve (ROC-AUC). RAE: analysis calculates the area
under the curve when sensitivity (probability a minatdefinedassedentary from the
ActiGraph GT3X+ derived cut-point, given that the minstdefinedassedentary from the
activPAL3™) is plotted against, 1-specificity (probability a minigelefinedasnon-
sedentary from the ActiGraph GT3X+ derived cut-point, given that the mmde&finedas
non-sedentary from the activPAIS. To maximize the validity of the outcome, the outcome
that gives the bigger area under the cus\seenasthe optimum when comparing cut-points.
The amount of sedentatiyne is presente@dspercentage of sedentdrme across each day.
Mean bias percentages [(ActiGraph sedentary minutes/activiPAde®lentary minutes)1 x
100], average differenaa sedentaryime andlimits of agreement (LoA) for sedentatigne
calculated from the derived cut-points, were comparegdentaryime from the

activPAL3™ using the Bland-Altman method.

Results
The average age of manthe study was 44.8 + 11.1 years, and women were 38.3 + 10.2

years (there was no statistically significant differeimcage, p=0.1574); the rangéages



across the sample was @462 years old. The mean BMI of participants was 289346,

range: 19.2-28.0 kg/fn

Accelerometers were reported mobe worn, or worn incorrectly, on only eight of the 210
daysof data collection; reasons included going away for the weekend, notibhewogk on
first day of data collection and incorrect placement of the activPALSfter data reduction,
participants provided oaverage 11 hours 27 minutes of data per day (SD=2 hours 34

minutes) equatingp 82% of the waking day between 08:00 and 22:00.

Of the data that were removed, the majooityninutes weresa result of informatiom the
activity diaries (main reasons were cycling, showering/bathing and swimming); after these
data were removed, only two participants had further data removed after identifying periods
of 60 minutes or greater of zero counts (allowing fotafgevo minutes of non-zero counts).

In total 137,515 trimmed minutes of accelerometer data were available. The nudjtragge
minutes (82,020; 59.64) were classifiedissedentary only from the activPAD3 (equalto

all 60 seconds of the minute being sedentary); 30.82% (42,380) were upright only minutes
ard the remainder 9.54% (13,115) were mixed minutes, containing both sedentary and
upright activity.

The derived cut-points for all days of the week were less than 100 cpm, with the exception of
Saturday; cut-points for Mondag Friday rangedrom 41-60 cpm and were similey

Sunday(57) (Figure 1); the cut-point for Saturday was significantly higher compareither

days, 97 cpm. The overall degdfcut-point for the week was 65 cpm; the derived sedentary
behaviour threshold for working days (Mondayriday) was lower than that derived for

weekend day&0 vs. 74 cpm respectively); however, this was not significant. Cut-points for



working hours and non-working hours were significantly diffe(8atvs. 73 cpm

respectively).

Figure 1. ActiGraph GT3X+ accelerometer derived cut-points (95% CI) for sedentary behaviour from
GEE regression models
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There were no significant differences between the derived cut-points and the previously
proposed cut-points (100cpm and 150cpmterms of ROCAUC analysis, for days of the
week or working and non-working times (Table Bs expected, the higher thresholds of
100 and 150cpm resultéd higher sensitivity values. The lowest mean bias and smallest
average differencaa sedentaryime occurred for the derived cut-points. The derived cut-
points, the 100 and the 150 cut-points all overestimated sedéntarfyvith the exception of
Friday); thisis most likely dudo misclassification of non-sedentary activities that rasult

low cpm, suchasstanding still (Crouteetal 2006). The percentage of sedentane was




higher on working days comparaalweekend days (61.22 % vs. 53.79 % respectively), and
also during working hours compareinon-working hours (65.85% vs. 58.62%
respectively). Figure 2 shows the Bland-Altman plots for the mean differencésasf
agreement for sedentary time determined from the activiA&Bd the derived ActiGraph
GT3X+ cut points, for both working and non-working hours. Tiimés of agreement were
narrower for non-working sedentaigne comparedo working hours; this malge dueto the
there being less non-working hours compdoadorking hours each day-However, the

mean bias percentage was smaller for working hours when contpareal-working hours

(<0.01% vs. 6.04%: Table.1



Table 1. Accuracy of the derived cut-points compared to cut-points of 100 cpm and 150 cpm

Average
Sedentary time Sensitivity Specificity AUC Mean bias difference 95% LoA
(%) (%) (%) % (95% Cl) (mins) (mins)

Monday 54.44

Derived (54 cpm) 84.56 74.22 0.79 9.27 (-2.56, 21.09) 23.55  (-149.53,196.63)

100

cpm+ 90.11 68.98 0.80 19.96 (7.10, 32.81) 64.45  (-111.10, 242.00)

150 cpm++ 93.37 64.41 0.79 28.18 (14.14, 42.22) 95.25 (-82.84, 273.34)
Tuesday 60.63

Derived (41 cpm) 83.61 74.94 0.79 2.45 (-5.39, 10.28) -1.92  (-140.73, 136.89)

100

cpm+ 92.22 68.49 0.80 15.95 (7.97, 23.93) 54.96 (-67.06, 176.98)

150 cpm++ 95.32 64.06 0.80 22.48 (13.95, 31.01) 81.46 (-40.05, 202.98)
Wednesday 64.17

Derived (52 cpm) 82.27 73.95 0.78 -0.99 (-9.13, 7.16) -17.63  (-194.43,159.17)

100

cpm+ 89.17 68.83 0.79 8.67 (1.20, 16.15) 28.63  (-119.61,176.87)

150 cpm++ 93.00 64.24 0.79 15.35(7.88, 22.83) 59.85 (-76.99, 196.70)
Thursday 59.98

Derived (60 cpm) 82.08 70.73 0.76 5.85 (-4.63, 16.34) 11.70  (-161.96, 185.37)

100

cpm+ 87.23 66.14 0.77 14.63 (3.75, 25.50) 49.59 (-111.53, 210.71)

150 cpm++ 91.56 61.30 0.76 22.58(11.23, 33.93) 83.82 (-68.80, 236.43)
Friday 64.76

Derived (59 cpm) 83.40 75.38 0.79 -2.09 (-8.59, 4.41) -12.41 (-138.85, 114.03)

100

cpm+ 89.14 70.77 0.80 6.15 (0.57, 11.73) 24.55 (-82.52, 131.61)

150 cpm++ 92.93 66.25 0.80 12.63 (7.21, 18.05) 52.77 (-47.13, 152.68)
Saturday 49.91

Derived (97 cpm) 80.82 77.02 0.79 7.23 (-2.89, 17.35) 11.44 (-121.61, 144.50)

100

cpm+ 81.30 76.79 0.79 7.99 (-2.11, 18.08) 14.06  (-117.47,145.58)

150 cpm++ 87.11 71.97 0.80 19.22 (8.30, 30.14) 53.06 (-67.99, 174.10)
Sunday 54.76

Derived (57 cpm) 80.97 77.96 0.79 2.38(-8.36, 13.13) 1.16 (-154.32, 156.63)

100

cpm+ 87.32 72.45 0.80 14.40 (2.85, 25.95) 44.37  (-104.63, 193.36)

150 cpm++ 91.20 67.35 0.79 23.17 (10.69, 35.65) 76.42 (-69.07, 221.91)
Monday to Friday 61.22

Derived (60 cpm) 84.25 73.23 0.79 2.11(-3.59, 7.82) 3.87  (-111.28,119.02)

100

cpm+ 89.36 68.76 0.79 10.27 (4.71, 15.83) 40.18 (-64.31, 144.66)

150 cpm++ 93.09 64.10 0.79 17.24 (11.59, 22.89) 70.83 (-23.38,170.04)
Saturday and Sunday 53.79

Derived (74 cpm) 80.51 77.52 0.79 1.63 (-5.83,9.10) 4.32 (-91.74, 100.37)

100

cpm+ 84.43 74.78 0.80 8.43 (1.06, 15.80) 2491 (-68.09, 117.91)

150 cpm++ 89.24 69.82 0.80 18.03 (10.24, 25.82) 54.71 (-41.67, 151.08)
All 7 days 56.65

Derived (65 cpm) 83.65 74.40 0.79 5.35(-3.89, 14.59) 18.17 (-91.94, 128.27)

100 cpm 88.24 70.52 0.79 12.90 (3.89, 21.90) 49.22 (-52.67, 151.11)

150 cpm 92.21 65.78 0.79 20.45 (11.33, 29.58) 80.11 (-17.09, 177.30)
Working hours
(Monday to Friday) 65.85

Derived (35 cpm) 83.54 69.34 0.76 0.00 (-7.79, 7.79) -4.62 (-93.61, 84.37)

100 cpm 92.57 60.84 0.77 14.11 (6.71, 21.52) 33.16 (-37.65, 103.98)

150 cpm 95.35 56.21 0.76 19.56 (11.93, 27.19) 47.51 (-20.52, 115.53)
Non-working hours 58.62
(Monday to Friday)

Derived (73 cpm) 83.54 75.46 0.80 6.04 (-5.83,17.91) 3.62 (-39.70, 46.94)

100 cpm 86.73 72.29 0.80 12.05 (-0.48, 24.58) 10.34 (-33.05, 53.74)

150 cpm 90.77 66.82 0.79 20.75 (6.88, 34.62) 19.96 (-25.04, 64.94)

+ Matthews 2008; ++ Kozey-Keadle 2011; sensitivity and specificity are expressed as percentages; AUC, area under the curve; LoA, limits of agreement;

mins, minutes; Sedentary time as measured by the activPAL3™;



Figure 2. Bland-Altman plots of therelationship between activPAL 3™ and derived ActiGraph GT3X+

sedentary time, for working and non-working hours
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Discussion

This current studys the firstto empirically derive sedentary behaviour threshatdsdultsin
the free-living environment. Most existing studies that have asédatiGraph accelerometer
to describgime spentin sedentary behaviours have usadrbitrary threshold of 100 cpta
define sedentary behaviour; however, this cut-point had not been empirically derived
adults.We found that the empirically derived cut-point across all days of the week was 65
cpm; the cut-points for individual days of the week were signifigattferent, ranging from
41-60 cpm with the exception of Saturday, ethivas substantially high€®7 cpm).
Importantly, cut-points for working hours were substantially lower comganedn-working

times(35 cpm vs. 73 cpm).

The derived cut-points performed betteterms of mean bias and average difference
sedentaryime, comparedo the 100 and 150cpm threshold. Specifically, the 100 cpm cut-
point over-estimated worktime sedentary behaviput4.11% comparetb an

overestimation of <0.01% for the derived cut-point of 35 cpm. The use of a new sedentary
behaviour cut-poinin a specific setting, for example 35 cjpmoffice workers, would reduce
misclassification of non-sedentary activities sasfiling, which have previouslydenfound

to haveanaverage cprof 60 (Crouteretal 2006).

Validation studies of the 100 cpm cut-point for ActiGraph accelerometers have found
conflicting findingsin working age adults. Kozey-Keadd¢al (2011) found that the
ActiGraph GT3X underestimatesdtdentaryime by 4.9% using the 100 cpm threshold,
comparedo direct observatiorin a small cohort of overweight university workers (n=20;
mean BMI 33.745.7 kg/R). The same study suggested that 150 cpm may be the most

appropriate cut-poirto define sedentary behaviour from the ActiGraph GT3X. Conversely,



Crouteretal (2013) found that the 100 cpm threshold from the ActiGraph GT1M,
overestimated sedentary tinmeworking-age adultby 9.9%, comparetb indirect

calorimetryin a free-living environment over six hours (n=29; mean BMI 25.0 +4.6%g/m
Thisis similarto our current study, wherge found the 100 cut-point overestimated
sedentaryime by 12.9% (across all seven days) compaodtie sedentary classification of
the activPAL3M accelerometer. The lower empirically derived cut-point of 65 cpm, across
the whole week, also overestimated sedentary time, but with a lower mean bia$ef 5.35
This overestimatiom sedentaryime may be explainetly misclassification of some non-
ambulatory standing activities theanproduce low counts per miteCrouteretal 2006,
Matthewset al 2008). A studypy Hartetal (2011) examined the convergent validifythe
activPAL™, the ActiGraph GT1M andnactivity record (the Bouchard Activity Record),
healthy adults (n=32; mean BMI 23.0kdgjmiThey found moderate agreement between
sedentaryime for the ActiGraph GT1M compardd the activPAIM (xk=0.47); sedentary
time was also fountb be 25% higher using a 100 cpm threshold from the ActiGraph GT1M
comparedo the sedentarglassification of the activPALT3!. Differencesn the

methodologies between these studies included: different criterion measures (direct
observation (Kozey-Keadlket al 2011);indirect calorimetry (Croutest al 2013); sedentary
classification of activPAL, this study and Hettal (2011)); andime of studies (direct
observation and indirect calorimetry was six hours (Kozey-Kest@de2011, Crouteet al
2013); waking hours over one day (Haral 2011); seven days, this styd&nother

difference was the ActiGraphodel and use (or not) of the low-frequency extension during
data processing, which impacts on comparability between studiesgi@ain013). Cairet al
(2013) found that data from different generations of ActiGraph devices are comparable for
moderateo vigorous physial activity, but notat the lower enaf the movement continuum;

thisis thoughtto be dueo the more recent models (GT3X and later) requiring larger



acceleration$o record non-zero counts. Applying the low-frequency extension enables
greater comparability with studies that have used older model ActiGraph devices when
comparing sedentary time. Studi®sKozey-Keadleetal (2011) and Aguilar-Fariat al

(2013) used the low-frequency extension during data processing; siydiesuteret al

(2013) and Haretal (2011) used the ActiGraph GT1M device and were carried out before
the low-frequency recommendatibg Cainetal (2013). Finally, the three studies that were
carried outn healthy adults of normal weight all fouad overestimat®f sedentaryime
comparedo the 100 cpm threshold: the exception was the dyd§ozey-Keadleet al

(2011), which wa#n 20 overweight university workers where the 100 cpm underestimated
sedentary timdt is not clear why overweight individuatsight have different cut-points.
There has been some conflicting reports of the effect of waist adiposity tlih @mgle of the
monitor, and consequently on the output of some activity devices (Savaft2009).

However, the accuraayf the output from ActiGraph devices has been showmnorio
affectedby the difference tilt angle that occun individuals with different BMI (Feite@t

al 2011). For older adults (mean age 73.5 years) a threshold of <25 cpm may be more
appropriateo define sedentary behaviour (Aguilar-Faiaal 2013). For children and
adolescents, the 100 cpm threshold seterhsld true (Treutlet al 2004b, Ridgerst al

2012). There seents be no consensus for accelerometer cut-points for sedentary behaviou
and those proposed vary widely. Combined, these findings suggest that there should be

different cut points for different populations.

Not only havenve demonstrated the derivation of empirical accelerometer cut-points for
sedentary behaviour, our study atla¢his growing fieldoy identifying a lower threshold of
35 cpm for sedentaityme during workingtime for office workers. Theeproposed lower

thresholdsn older people and office workers suggest that these groups are more stationary



whilst sitting. Because these studies all used waist worn ActiGraph accelerometers, the
differencedn stillness whilst sitting must originate from limited hip movement. Taken
together, these studies suggest that people sit differently depending on the population

characteristics (age, body composition) and the environment where setiemasyaccrued.

In studies of largely office-based workers, sitttimye on workdayss knownto be much
higher comparetb non-work days (Clemest al 2014, Thorgetal 2012). Clemestal

(2014) showed that greater than 606#@laily sittingtime was accruedt work (subjectively
measured using the Domain Specific Questionhatmeother study found that over 8086
work hours were speim sedentary behaviours compate®9% in non-workime
(objectively measured usiragn Actical accelerometer) (Parry and Straker 2013). While our
study was not designed to measure total sedetimaeyve also found higher percentages of
sitting time on working days compared the weekend (61.22% vs. 53%% and working
hours versus non-working hours, using the activPALS=2dentary classification (65.85% vs.
58.62%0). The workplaces a key setting for prolonged bouts of sedentang (Ryanet al
2011). Althoughwe found this was also true for our study, since 70.15% of seddirtagy
during working hours was spentprolonged bouts, this was not statistically signifidant
non-working hours, (66.65: data not shown)t is importantto further investigate sedentary
time accrued during working hours, not omlya riskin itself, but also becauseis known

that those who sit a lortgne at work also tendo be sedentary for longer periodstheir

leisuretime (Jansetal 2007).

Our study derived sedentary cut-points for both the working and non-working domains;
however, another domain which people may accrue significant sedentang is travel.We

did not collect information on travéme and mode; howevewe triedto minimise any



commutingtime on weekday®y limiting working and non-working hours egin the
regression models. Our derived cut-points for working and non-working hours implied that
we sit differentlyat work comparedo our leisuretime; it is not known what extent this

true for travel time.

Thisis the firsttime that a threshold for cpm for sedentary behaviour has been empirically
derived froman observational study a free-living environment, using the activPAL
sedentary behaviour classificatiagsthe criterion measure. The activPALhas been shown

to provide valid and precise measofesedentaryime (Grantetal 2006, Kozey-Keadlet al
2011). However, there are some limitatiem®ur study. Although the accelerometer
manufacturers employ proprietary algorithtongseduce the raw acceleration degapm or
sitting/standing behaviour, there are still a large amount of data cleaning and data reduction
decisiondo be made. Since the aim of the study ¥eederive cut-pointsit was the qualityf

the data that was deemixbe important and not the quantity of minutes included. Therefore,
aggressive data reduction rules were applied that used a combination of timas from
activity diary and a non-wear algorithm. A strength of our stadlye large amount of data

(11 hours 27 minutes: 82% of wakitigme), despite the data reduction.

Generalised estimating equatia@be usedo account for autocorrelation; however, these
models assume linearity of the outcome variable bwer (Liang and Zeger 1986). The
outcome variable (cpm) for this study has a polynomial distribution with time, and therefore
the assumption of lineariig not valid. The models this study were run with and without

the assumption of linearity, using the mfp commamn8tata that takes into account the

multivariable fractional polynoral natureof the counts. When the results from these two



methods were compared, there was no impact on the precision of estimates of the derived cut-

points.

The accelerometer cut-points derivadhis study werén university workers, who spent

most of their day sittingn front of a computer. Our cut-point for sedentary behaviour across
the whole week65 cpm) maybe limited to working aduls, and the lower cut-point of 35

cpm may onlybe generalisabléo other office based workers. Barnett and Cerin (2006) found
considerable individual variabilityn calibration regression lines for accelerometer counts
versus walking speed, and wide between-subject diifestm mean bias are often reported

for sedentary behaviour cut-poirgsevidencedn our study and alsm Crouteretal (2013).
Cut-points based on energy expenditure from calibration stodiegaryin estimates ofime
spent in different activitgategories (Crouteet al 2006, 2013). The definition of sedentary
behaviour from the SBRN classifies both posture and energy expenditure; howeves, there
currently no instrument thaanmeasure free-living sedentary behaviour accurately using
this definition (Granat 2012). Whilst the 100 cpm threshold from the ActiGraph provides a
useful measure of sedentary behavidugenerally overestimatésne spentin these

behaviours (Croutestal 2013, Haretal 2011). Taking into accoutite context and
populationin which sedentartimeis accrued may have implications on haw measure
sedentaryimein a working population, and consequerntiystudies lookingt correlates and
determinants of sedentary behaviour. For example, a study that examined associations
between sedentatyne and cardio-metabolic risk factors, found more consistent associations
for leisuretime sedentary behaviour comparedccupational sedentary behaviour (Pinto
Pereiraetal 2012).We suggest that a applying a lower threshold homogenous population

suchasoffice workers would give more precise estimates for overall seddimtey



comparedo the 100cpm threshold, and reduce misclassification of non-sedentary adtivities

this population.

Conclusion

Since sedentary behaviasgrindependently linketb several health-related outcomiss
imperativeto have accurate and reliable measures of seddantayvhen using objective
measuredt is not knownif different types of sedentary behaviour have different impacts on
health, and therefore a more precise definition of accelerometer thresholds of sedentary

behaviour are needed.
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