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Abstract

Background:During the last century, & technologicarevolution has ontributed to changesn
physical behaviourin the workplace The number of moderate physicahctivity intensity
occupationshas decreased significantly over this period, amel introduction of desk dependent,
computerbased jobs has resulted in an increase in the number of sedentary occupations

Sedentary behaviour mssociated with several healtielated outcomes, independent of physical
activity; howeverthe role of occupational sedentary time with heatd#lated outcomes is less
clear. Sedentary time in different domains may represent differing assoctatidtt health;
therefore, there is a need for studies to use more objective, reliable and valid measurements of
sitting time in the occupational domain to fully understand the effects of sitting at work and health.

Methods: This thesis comprises two mastudies: he first studyrecruiteda sample of university
employeegpostgraduate studentgn=30), whose day waspent mostly sedentaryParticipants

were asked to wear two types of accelerometet OG A DNJ LK D¢ o -diwingwgkig I OG A Ot
hours for seven daygieneralised estimating equations were used to derive a counts per minute
GKNBaK2ftR T2NJ aSRSYdFNE O0SKIF@A2dzNI F2NJ G4KS | Ol A
classification.

The derived accelerometer cupoints from the first study wee usedto compkte a secondary
analysis using data from the Health Survey for Englema008 a subsample of participants wore
an ActiGraph GT1M accelerometer for sexays, and these data were uséd examinethe
relationship between occupational sedentaimne andhealth-related outcomes

ResultsThe derived cupoints from thegeneralised estimating equatiomgere significantly higher
on a Saturday (97 cpm) compared to weekdays (60 cpm) and Sunday (57 cpm). Gmmiteger
minute for sedentary time during working time were significantly lower compared towmorking
time (35 versus 73 Compared to the 106pm and 150 cpm thresholds, the empirically derived
cut-points were not significantly different in terms of areaderthe-curve but had lower mean
bias for working and noeworking times.The amount of sedentary time from the derived and
previously proposd cutpoints differed significantly; however, this did not affect the beta
coefficients and the conclusions drawn from the regression mottetontrast to studies that have
found associations with both total sedentary time and leistinee sedentary behaviour and
detrimental health outcomes, there was no evidence that occupational sedentary time is
associated with healtinelated outcomes in the same wayime spent in moderate to vigorous
physical activity was a significant predictior waist circumferace and BMI foroccupational
sedentary time furthermore, BMI was a significant predictor of cardiometabolic markers.

Conclusions:Accelerometer cupoints for sedentary behavioucan depend on day and also
domain, suggesting that the nature of sittingfdis depending on the context in which sedentary
time is accruedlt is not known if there are underlying mechanisms of sedentary behaviour in
different domains that can explain these differences, and the effect that occupational sedentary
time has on hedh.
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tailors, suffer from their own particular diseases ... [T]hese workers ... suffer from general
ill-health and an excessive accumulationigivholesome humors caused by their sedentary

fATS dvd a2z G2 &a2YS SEGSYyd O2dzyiSNI OG GKS K

T Bernardino Ramazzini (163B714)
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Chapter 1- Introduction

G{AGGAY3 (22 Yd&xécishg 2¢g20A0K8SalryS | a

T Dr Marc Hamilton



1.1 Introduction

The first chapter of this thesis outlines the rationale and the aims of the research studies.
It discusses how sedentary behaviour is defined and measured in the literature, the role of
sedentary behaviour in the workplace, the associations between sedeh&haviour and

health-related outcomes, and the physiological hypotheses for these associations. Chapter
One also reviews the conceptual framework that underpins the research studies contained

within this thesis. The chapter concludes with an overallctire of the thesis.

111 Definingsedentary behaviour

¢KS dzaS 2F GKS G(GSN¥XYa WaSRSy (il NBsevoNeydeer W&aSRS)
the lasttwodecades6 t S hQbSAtfX g9 [20St2X HnnyT {SI
2012; Tremblay et al., 2017; Yates, Wilmot, Davies, et @l1)2andthe number of
NE&ASFNOK | NIAOf Sa LJdzo f A A KSR  dzfak yinreasedK S (' S
exponentially over this same perig@aunders, 20178 KS (G SNY WASRSy Gl NEB Q
0KS [2Z (agede@®whist WaSRSY Gl NBE 0SKF@ZA2dz2ND SyO2YL
continued sitting or restingand cannot be defined merely as a lack of physical ac{Pdte

et al., 2008)Sedentary behaviour occsliin different environmentsand domainswork can

involve long periods a$itting; commuting caninclude sitting when travelling by caor

public transport; household sedentary timecan include activities such atelevision

viewind', screen time(i.e. mobile phones and tabletsind personal computer usend

4 Although electronic entertainment is included within the household domain within the ecological model for
sedentary behavioufOwen et al., 2011)many studies classify televisiolewing as a leisurime sedentary
behaviour(Pinto Pereira et al., 2012; Stamatakis, Hillsdon, Mishra, Hamer, & Marmot, 2009; Sugiyama et al.,
2008)



leisuretime sedentary behaviouencompassesctivities such aseading, listening to
music, eatingand socialisingOwen et al., 2011; Sugiyama, Healy, Dunstan, Salmon, &

Owen, 2008)

Pate et al. (2008¢lefined sedentary behaviour as behaviour tlyggnerateslow energy
expenditure:

Sedentary behavior refers to activities that do not increase energy expenditure
substantially above the resting level and includes activities such as sleeping,
sitting, lying down, and watching television, and other forms of schesed

entertainment. (p.174)

| 2y @SNRARSt &z LIKe&aA Olrly bodil§) indvenierit grodicad bk Sdletay SR |
muscles K i NXBIj dzA NB & S (CasN@Eed, PANEILIS CHRigteih sty IHI85.

126, World Health OrganizatiofWHO] n.d, para. ). These definitions of sedentary
0SKIF@A2dzNJ I yR LIKeaAOlf | OGA@AGE 023K dzaS GK
amount of energy required to carry oatl physical functionsueh asbasal metabolic rate

food digestion(thermic effect of food) and allphysical activity (activity thermogenesis)
(Caspersen et al., 1985; Levine, 200@hergy expenditure can be quantified using
metabolic equivalents (METs)ith one MET representinthe average, resting mebmlic

rate while seated at resfpr adults,thisis equivalent to 3.5ml of oxygesonsumption per

kilogram of body weighper minute(Plowman & Smith, 2010)

5 The energy required for processes such as, breathing, blood circulation, temperature control, muscle
contraction, which are needed for the body to function at rest.



The ntensity ofhuman movements (including sedentary behaviour and physical activity)
can be described in termsf energy expenditure (expressed in METsith categories of
physical behaviour differentiatedn terms of energy expenditur®n the movement
continuum (Figurel.l) (British Heart Foundation [BHF], 2012; Tremblaglley, Saunders,

Healy, & Owen, 2010)

Sedentary Light Moderate Vigorous
Sleep : =~ T ..
behaviour activity activity activity
Energy .
Low - » High

expenditure

Figurel.l Movement continuum in terms of energy expenditur@HF, 2012p. 2; adapted
from Tremblay et al., 2010)

Theenergyexpenditure ofphysical behaviours increases along the movement continuum

(from left to right), with sedentary behaviour shown as a distinct component to sleep and

light physical activity(Figure 1.1). Pate et al. (2008RSFTAY SR Wi A3IKG LIKE 3
independently from sedentary behaviour:

Light physical activity, which oftengsouped with sedentary behavibut is in fat
a distinct activity construct, involves energy expenditure at the levilea?.9
METsIt includes activities such as slow walking, sitting and writing, cooking food,

and washing dishes. (p.174)
In a letter to the editor of the journal dhppliedPhysology Nutrition and Mtabolism the

Sedentary BehavioResearch NetworK2012) proposed the following definitions of



WESRSY Gl NBE 0 SKIS@a avdzNixthdr yidensiskehoies &nd Eodfusiion
research related to sedentary behaviour

We suggest that journals fomally define sedentary behavias any waking

behaviour characterized by an energy expendibttfys METs while in a sitting or

reclining postureL y O2y UGN} a0 ¢S &adz33Sad GKI G | dz
describe those wd are performing insufficient amounts of MVPA [moderate to
vigorous physical activity] (i.e. not meeting specified physical activity guidelines).
(p.540)

As a result of a Terminology Consensus Project from the Sedentary Behavior Research
Network, the defiition of sedentary behaviounas recently beempdated to include the

GSNY WieAay3aQs | 2y 3@rdnISy etsd, RAULTNheyhiQ@efihitipris W NB Off
of sedentarybehaviour by the Sedentary Behavior Research Network (2012 and 2017)
include components of both energy expenditul, 6 METSs) and posture (sitting, reclining

or lying). The physicalbehaviours on the movement continuurgrigure 1.1), can be

qguantified in terms of energy expendituravith moderate intensity physical activity
characterised as energy expenditure between 3 and 5.9 METS, and vigorous intensity as
activities wih an energy expenditurep METs(Ainsworth et al., 2011)Table 1.1);

however, there are currently no standardisetireshold values (based on energy

expenditure)for sedentary behaviour



Tablel.1

Energy expenditure (METS) for behaviours on the movement continuum

Behaviour  Energy expenditure Examples Source
(METS)
Sleep 0.9 - (Ainsworth et al., 2011)
Sedentary 1.015 Sitting, lying down, (Mansoubi et al., 2015; Pate et
behaviour or>4.5 watching television al., 2008; Sedentary Behavior
Research Network, 2012;
Tremblay et al., 2017)
Light activity 1.62.9 Slow walking, sitting  (Pate et al., 2008; Tremblay et a
and writing, cooking  2010)
food, standing
Moderate 3.0-5.9 Swimming, walking (Ainsworth et al., 2011; Freedsol
activity (>3mph), lifting Melanson, & Sirard, 1998; Pate «
weights al., 1995; The U.S. Department (
Health and Human Services,
2008)
Vigorous P Running(>4 mph) (Ainsworth et al., 2011; Freedsol
activity bicycling (>10 mph) et al., 1998; Pate et al., 1995; Tt

swimming (front
crawl)

U.S. Department of Health and
Human Services, 2008)

The recent definitios of sedentary behaviourfrom the Sedentary Behavior Research

Network do not have a lower limitin terms of energy expenditurecompared to the

previous definition fronPate et al. (2008whichused arangeof 1.0-1.5 METg¢Tablel.1).

Defining sedentary behaviour in terms of energy expendituatone canresult in

misclassification if contextuahfiormation is not also providedor example,some non

sedentary activities are known toproduce low energyexpenditure, such as standing

(Ainsworth et al., 2011; Crouter, Clowers, & Bassett, 2G08) siting whilst carrying out

activities such agyping or note-taking canproduce energy expenditure greater than 1.5

METHAinsworth et al., 2011; Mansoubi et al., 20143 part of theTerminology Consensus

Project Tremblay et al.(2017) defined two categories of sitting based on the MET

threshold of 1.5: sitting dracterised by an energy expenditut#®.5METSs is referred to as



passivesitting, and sitting characterised by an energy expenditure >1.5 METs is referred to
asactivesitting. These classifications ailtustrated in the conceptual model Figurel.2,

which shows the physical behaviourssteep, sedentary behaviour and physical activity in
terms of energy expenditure, and also provsgmstural information, represented within

the outer ring(Tremblay et al., 2017Yhe model shows that sleep, sedentary behaviour
and physical activity may all happeile a person is sittingbut at different intensities in

terms of energy expenditure.

Movement

Non-Movement
Behaviors

Reclining

So, )
onta, e
VTime/Boutsinterruptio™

Figurel.2 Conceptual model of movemerbased terminologyTremblay et al., 201,7p.
11). Reproduced with permission (originally published by Biomed Central)

Thell S NI W Aighbt Qdiifediithe dotzeptual modein terms of energy expenditure
(Figurel.2; Tremblay et al., 2017put has been ttbatedin the literatureas a different
construct to sedentarpehaviour(van der Ploeg & Hillsdon, 201K)any previous studies
(especially irliterature from the field of sports and exercise) have combisedentary

behaviourand light physical activity into one categdoydescribe inactivityor have used



the term WA y | Qalindi@ateindt eeting a specifiée commendedevel of moderate
to vigorous physical activif¢Church et al., 2009; Lowry, Wechsler, Galuska, Fulton, & Kann,
2002; Melanson et al., 2009; Sedentary Behavior Research Network, 20d®dyest al.,

2017)

The current physical activity guidelineshe UK, from the Chief Medical Officér adults
(aged 1964 yearsktate:

Adults should aim to be active dai@ver a week, activity should add up to at least
150 minutes (2% hours) of moderate intensity activity in bouts of 10 minutes or
more ¢ one way to approach this is to do 30 minutes on at least 5 days a week.

(Department of Health, 2011, p. 7)
The UKphysical activity guidelines also staieK I ¢ & O2 YLI N} 0f S o06SySTA
0GKNRdzZAK Tp YAydziSa 27 (@padrnfeNBfdidalthA201,yTh A G & | C
the Health Survey for Engla016,66%o0f men and 58c0f womenwere reported to meet
the UKrecommended physical activitgvelsof at least 150 minutes of moderate physical
activity, or 75 minutes ofigorous physical activity (or an equivalent combination of both)
(Scholes, 2017)0verall, 38% of adults (19 years or older)Bnglandwere physicaly
inactivein 2016 which is higher than the weighted global average of 31% for adults (15
years or older Hallal et al., 2012; Scholes, 201Furthermore, using the definition of
inactivity to denote not meeting a recommended level of physical activitiers that
people can be both physically inactive and also accrue a large amount of sedentary time
across a day; conversely, people can alsetnpéysical activity recommendations and be
highly sedentaryBakrania et al., 2016; Owen, Healy, Howard, & Dunstan, 2012; Owen,

Healy, Matthews, & Dunstan, 2010)



Defining sedentary behaviour as not meeting recommenghgsical activityguidelines

does notconsidertime spent in light physical activityhere are currently nbJKguidelines

that quantify recommended amounts of time for light physical activity or sedentary
behaviour for adults; however, the Uysical activityguidelinesrecommendthat adults

aK2dzZ R fAYAG GKSANI aSRSydGFNE o0SKIFI@A2dzN) 6& X
SEGSYRSR LIS NXDRpRidmer2 & lealth, 2011 y.3B4)Similarly, Australian

physical activitt Y R A SRSY G NBE 0SKIF@A2dzNJ 3dzA RSt Ay Sa
GKS Y2dzyd 2F GAYS aLlSyid arAddaAy3a Ay LINRf2y3
& 2F 0SSy (DepartindhtofHraitt: Aistralian Government, 20p49. Sedentary

behaviour recommendationfor adultshave yet tobe quantified in the UK or Australia;
however,daily screen time recommendations for childreino more thantwo hourshave

been proposedilongside limiting prolonged periods of sitting,Canadiarand Australian

guidelines (Canadian Society for Exercise Physiology, 2017; Department of Health:
Australian Government, 2014bAlthough some national physical activity guidelines

include recommendations to sit Igsevidencebased data are not currently available to

guantify a recommended daily sedentary time that is detrimentalto health (Biddle et

al., 2010)

In addition to defining sedentary behaviour uslmgth energyexpenditureand posture or
asnot meeting a certain threshold of physical actiyisgveral other definitionkavealso
been used in the literatureA review byBennett, WintersStone, Nail, and Scherer (2006)
described the definitions adedentarywithin physical activity intervention trials between
the years 2000 and 2009.he majority 6 trials @2 out of 42)from this review paper

defined sedentaryin terms offalling below a specified cygoint of minutes(or daysper



week) of physical activitythe thresholds for the definition adedentaryranged from <20
minutes per wek up to <150 minutes per week of physical activity (the latter being the
equivalent of the UK guidelineshrials that used the definition & number of days per
week of physical activity, used thresholds of <1,0¢23 days per weekurther definitions

of sedentaryreported in thereview by Bennett et al(2006)used energy expenditure

calculated subjectively from theDay Physical Activity Recall so@&ir et al., 285} one

studyobjectivelymeasurecenergy expenditureisingr / F £ G NF Oun | OOSt SNRYS

seltreported sedentary timéCooper, Moore, McKenna, & Riddoch, 200djilstafurther
study categorised occupation as eithanysicalor sedentary when examiningactivity in
both the occupational and leisuseme domains (Williams et al., 2004)Likewise
occupational studiebaveclassifiedbccupations into either sedentary or ndtased on the
main categoric measure obcaupational activity reportedPaffenbarger, Wing, & Hyde,

1978; van Uffelen et al., 2010)

To summarise, sedentary behaviobas beendefined as being in sitting, recliningor a

lying position, whilst producingow energy expenditureMany previous studies that have

SEFYAYSR &aSRSyi(lFNB o0SKI@A2dzN) KI S RBEaONRO

AYEOQUADGSQT gAGK2dzi | y& B&entay behaviguSis ardistinét dzNB
entity to insufficient physical activity and is differentiated from other behawsoom the
movement continuumPeople meeting the recommended levels of moderate to vigorous

physical activity can also be engaged in sedentary behaviours for long periods.

10

[
.

Z



1.1.2 Measuring sedentary behaviour

There are a number of available methods to quantify &g behaviour, which can be
categorised as either subjective (i.e. selported questionnaireanddiaries) or objective

(i.e. pedometers and accelerometefudorLocke & Mers, 200L)however, there is no
gold standard method that can measure the multifaceted components of physical
behaviour such as, posture, energy expenditure, frequency, intensity and contextual
information (Silfee et al., 2018; Welk, 200ZJhe balance between practicality (i.e.
convenience) and validity (i.e. precision) need to be considered when choosing a physical
behaviour measure for a study: this usually depends on viffarmation is required to
answer the research question(®ugdill & Stratton, 2007Physical activity is proposed to

be purposvein nature,as opposed teedentary behaviouthat tends to be unstructured,
occurring at multiple timepoints throughout the daywith varying bout lengths and within
different domains (i.e. home, transport, work and leisuf€ang & Rowe, 2015; Owen et
al., 2011; Sugiyama et al., 2008here is currently no measure that can quantify fieéng
sedentary behaviour that includes thoposture and energy expenditure as defined by the
Sedentary Behavior Research Netwd@ranat, 2012; Kang & Rowe, 2015; Sedentary

Behavior Research Network, 2012; Tremblay et all720

1.1.2.1  Subjective measures

Subjective measures comprise sadported methods such as activity diaries and
guestionnaires: they are practical in terms of cost and low participant buffiedorLocle
& Myers, 2001; Welk, 2002%elfreported physical behaviour measures can also be quick

to administer, which can be advantageous for large samples, and can be used alongside
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compendiums of physical activities to estimate energy expendi{diasworth et al.,

2011) Furthermore, sereported methods allow for the measurement of domaipecific
sedentary behaviours by collecting conteat information on where the behaviour
occurred and within which domaiffAinsworth, Cahalin, Buman, & Ross, 2015; Atkin et al.,
2012; TudoiLocke & Myers, 2001; Welk, 2003 ubjective meases of sedentary
behaviour are limited byreportedunderestimates of sedentary time; the variability in the
wording of questions and recall limitations; are subject to social desirability biashapd

0SYyR (2 -t&¥DBSNIRIQ O f A Bjaciivé meatirggAkiN& Rl., (2 2
2012; Bowling, 2009; Clemes, David, Zhao, Han, & Brown, 2012; Rosenberg et al., 2010;

Timperio, Salmon, & Crawford, 2003)
1.1.2.2  Objective measures

Objective measures of sedentary behaviour include beadyn instruments saoh as
accelerometetbased devices pedometers and heart rate monitoréunstan, Howard,
Healy, & Owen, 2012; Matthews et al., 200&) physical behaviour research, the
accelerometer is the predominant objide method used in studies that measure
sedentary behavioufAtkin et al., 2012; Edwardson, Winkler, et al., 2016; Owen et al.,
2010) Accelerometers are used to quantify human movement by measuring the
accderation of body segments in one or more axes ahgy are able to measure the

frequency and intensity of movemefiryon & Williams, 1996)

8 Throughout this thesis accelerometbased devices are referred to as accelerometeris asmmonly seen
in the literature for the measurement of physical behaviour.
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The strengths of accelerometers includeeir ability to collect a large amount of data and
measure frequency, intensityand duration of sedentary behaviour; they can look at
temporal patterns across the day; they can be used to estimate energy expenditure; they
can be unobtrusiveandthey can be used to record activity over a long peri@dnsworth

et al., 2015; Atkin et al., 2012; Kang & Rowe, 204&)elerometer limitations includéheir
expenseit can be difficult to measure some activities that involve upper body movement;
they can be a burden to the user if worn for long periods; and it may be difficult to
determine between standing that generates low energy expendiaune sitting(Ainsworth

et al., 2015; Atkin et al., 2012; Kang & Rowe, 2015; Owen et al.,.2010)

Although accelerometers are objective measures of physical behaviour, they require
subjective decisions regarding data collection and data processing that mayuoé&od
measurement errorKey issues to consider at each stage of a study includedaiee
collection (e.g. number of days of data to collect, which sampling frequency to use), data
collection (e.g. attachment location, instructions to participangs)d dat processing (e.qg.
technical expertise to process and analyse data, decisions on what a valid day is, how to
deal with nonwear and sleep timg)EdwardsonWinkler, et al., 2016; Sirard & Petrucci Jr.,
2019) There are currently no standard guidelines for processing accelerometer data

(Sirard & Petrucci Jr., 2019)

Objective bodyworn measures of sedentary behaviour can be categorised into those that
classify posture and those thagstimate energy expenditure(Granat, 2012) An
accelerometetbased device that uses postural classifications is the actwRRIAL

Technologies Ltd, Glasgow, Scotlarntd)s worn on the anterior aspect of the thigh, and

13



the sensing elen® is used to determine the inclination of thhigh. Using proprietary
algorithms, data from the activP#lare classified into sedentary (sitting/lying), standing,
stepping events, and sib-stand transitions.The output fom the activPAk has been
validated for these postural classifications in adult populatig@sant, Dall, Mitchell, &

Granat, 2008; Grant, Ryan, Tigbe, & Granat, 2006)

Accelerometers thaestimateenergy expenditure are usually worn on the hip or on the
wrist: using proprietary algorithms, the raw acceleration data from either the vertical axis
(or the vector magnitude from the vertical, anteroposterior and meldi®ral axes) are
integrated as an activity count over a specified epoChalibration studies have used
statistical modelling between energy expenditure and accelerometer counts to generate
regression equations to deriveut-points for different physical activity intensities in the
ActiGraph accelerometer (ActiGraph.LC, Pensacola, FloridéJrouter et al., 2006;
Freedson et al., 1998; Troiano et al., 2008any gudies that have used the ActiGrapt
define sedentary behaviour have used a-point of less than100 counts per minute:
althoughthis cutpoint isgenerallyaccepted in sedentary behaviour researthyas not
empirically derived for adult@Matthews et al., 2008)This cutpoint can under or over
estimate sedentary time depending dhe context or population in which sedentary
behaviour is measure@AguilarFarias, Brown, & Peeters, 2013; Crouter et al., 2006; Kozey
Keadle, Libertine, Lyden, Staudenmayer, & Freed2011; Lopes, Magalhaes, Bragada, &

Vasques, 2009)

It is important to have accurate measures of sedentary behaviour to determine the

associations with healthelated outcomegqSectionl.1.4), and for planning public health
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messagesTherefore, a combination of a subjective measure (to collect contextual data on
sleep/wake times and domain) and an objective measure (to collect data on duration,
frequency and patterns of sedentary behaviour) is recommended for sedentary behaviour
research studiegHealy et al., 2011)A more comprehensive overview sfibjective and

objective measures of physical behaviour is provided as part of the literature review in

Section2.1.

1.1.3 Historical context ofsedentarybehaviour in the workplace

In recent years there has been an increase in resestidiesthat have focussegbrimarily

on sedentary behavioutevels (Biswas et al., 2015; Owen et al., 2010; Prince, Reed,
McFetridge, Trernlay, & Reid, 2017; van Uffelen et al., 2010; Wilmot et al., 20dta¢h

has coincided with technological advancements in modern day sdéiéiigechtsen, 2001;

Rind, Jones, & Southall, 2014)

During the last century, jobs and the workplace have changmusiderably we are
comparatively more sedentary than our ancestofBower & Schulkin, 2013)The
technological revolution has made us more productive and efficient in our domestic,
leisure transport,and working environmentéAlbrechtsen, 2001; Brownson, Boehmer, &
Luke, 2005; Rind et al., 2014pbour saving devices have made our lives easikomie,
access to televisions and personal computers have changed the way we spenduner lei
time, and the automation of some job rolesnd technology have removed the need for
many traditional, physically intensive jgbsuch as those in the aguktural and
manufacturing industriegAlbrechtsen, 2001; Church et al., 201The proportion of

moderate physical activityntensity occupationshas decreaseffom 48% in 196@ 20%
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in 2008 during this same period, the proportion of sedentary and light physidalityc

occupations has increasd€Bigure 13; Church et al., 2011)

60 -
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)
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a ad Qéegnnn
8 20 - AAAAAAAAAAAALL ¢ Moderate
o AAAAAAAAAAL
= AAAAAAAAAAL (23.0 METS)
S
10 4
0 T T T T 1
1960 1970 1980 1990 2000 2010
Year

Figurel.3 Changes in the proortion of sedentary, light and moderat@hysical activity
occupationsin the United State€196062008)(Church et al., 2011, p. 4)
Reproduced withpermission’

Consequently, levels of physical activittythe occupation and transportiomainshave

decreasedwhilst there has been an increase in occupaticral leisuretime sedentary
time (Brownson et al., 2005)t has been repded that adults spend5% of theiwaking

time in sedentary behavioumcross all domain@atthews et al., 2008 More specifically,
levels of occupational physical activity decreased significantly from 43%94q(3<0.001)
between 1991 to 204 in EnglandStamatakis, Ekelund, & Wareham, 200%)the UK,
between 1961 and 2005, the number of howsgent in sedentary behaviourger week

increased by 5% (28.4 hours per week to 41.7 hours per weéklg & Popkin, 2012)

7 https://creativecommons.org/licenses/by/4.0/
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Similarly, inDenmarkbetween1990and2010, the proportion of the Danish workforce who
engagel in high level®f occupational sedentary tim@t least threequarters of workime)
increased from 33% to 390@an der Ploeg, Mgller, Hannerz, van der Beek, & Holtermann,
2015) The decrease over time of occupational physical actiahd an nhcrease in
workplace sedentary times related todeindustrialisation and growthin computer based

jobs(Owen et al., 2010; Rind et al., 2014; Straker & Mathiassen, 2009)

Studies in Australia and Northern Ireland have reported that, on average, time spent sitting
at work accounts for ove0% andb0% of total daily sitting time respective{lemes et

al., 2015; Miller & Brown, 2004The study byMiller and Brown (200¢assessd sitting

time in different occupational groupghese occupational groups webeoadly categorised

into white-collar workers (manageal and professional workers who tend to work in
offices)(Collins, n.d.; United States Department of Labo@2)9andblue-collar workers
(those working in industry, generally undertaking physical w¢@dllins, n.d.; United
States Department of Labor, n.d\White-collar workers, comprised managerial and
administrative staffsat for over 73%6o0f their working day, equating to 6.2 and 5.7 hours
respectivelyin comparisonblue-collarworkers,which included cleaners and maintenance
staff, only sat for 2260f their workingday (equivalent to 1.6 hourgMiller & Brown, 2004)
Other studies have also reported that a high proportion of working in office vorkers

is spent sedentay in both England (71%) andustralia (67%p / €t SYS&AX hi1/ 2YyYy
Edwardson, 2014; Ryde, Brown, Gilson, & Brown, 2044tudy of a Dutch working
population also found significant differences in time spent sitting between different
occupational sedrs (Jans, Proper, & Hildebrandt, 200K)inutes spent sitting at work

each day ranged from 50 minutes folue-collarworkers inthe catering imlustry to 207
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minutes for thosewhite-collarworkers,working in computerisationAdditionally, research
has shown that office workers who speadiigh proportion of their workinglay sitting,

are also more likely to be sedentary outside of work f SYS & X hi1 20y y St > S

Aconsequence ofttisdecrease imphysically activeccupations has been a decline in daily
energy expenditurgBrownson et al., 2005; Church et al., 2011; Katzmarzyk & Mason,
2009) Duringthe last two decades of the $0Centurythere wasan average reduction of
800 kilocalories per day in terms of energy expenditure from actigity also a ecrease

in consumption of approximately 750 kilocalories per ,dagsulting in a net gainf 50
calories per dayJames, 1995)he reduction in calorie consumption was canfied ina
study from the Institute of Fiscal Studjewhich reported that households in the UK
purchased between 130% fewer caloriebetween1980and 2009(Griffith, Lluberas, &
Luhrmann, 2013) Consequently, tis has resulted iran imbalance between energy
consumed in the form of calories compared to the energy we expend through activity and
0KS 02 R@&Q3&s t&yidndiB BunctostisRenergy imbalanceasresulted in a
positive dfference betveen intake andenergy expenditure(James, 1995; Ladabaum,

Mannalithara, Myer, & Singh, 2014)

114 Sedentary behaviour and healtrelated outcomes

Declining energy expenditure fromctivity over recent decades has coamded with the
global obesitypandemic (James, 2004; Prentice & Jebb, 1998pesity is a complex
disorder that is associated with excess fat: it is diagnosed based on a body mag8Mdbex
(kg/m?) of greater or equal to 3kg/m? (Mayo Clinic, n.d WHQ n.d-a). Obesity hasa

multifactorial aetiology including genetic antealth conditions; however, the key drivger
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are inactivity and eating habi{®layo dinic, n.d.; Power & Schulkin, 2013; Prentice & Jebb,
1995) In 2015, the estimated global prevalence of obesity was 12% amongst ablts
GBD 2015 Obesity Collaborators, 2QI#pre specificallyn England obesity prevalence
has risen over 10% betwee®93 and 2017{Figure 1.4Public Health England, 2019)
30%
25%

20%

Prevalence of obesity
o
=

10%

Adult (aged 16+) obesity: BMI = 30kg/m?

Figurel.4 Trends in obesity prevalence among adults in Engl@Rdblic Health England,
2019) data from Health Survey for England 192817 (threeyear averages)
Reprodiced with permissior?

The obesity pandemic israajorglobal public healtlthallenge given thatobesity is known
to be associated with an increasadk of developing a numberf health-related outcomes
including,type 2 diabetescardiometabolic syndrome, cardiovascular disease, cancer and
musculoskeletal disordergThe GBD 2015 Obesity Collaborators, 201S@dentary

behaviour is an important influence of the obesity pandemic, wisdonsideredo be as

8 Contains public sector information licensed under the Open Government Licence v3.0.
http://www.nationalarchives.gov.uk/doc/opeigovernmentlicence/version/3/
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a result ofthe displacemenof light physical activity for sedentary behaviamrer recent
years(Mansaubi, Pearson, Biddle, & Clemes, 2014; Yates, Wilmot, Khunti, et al., 2011)
is recognised thatchanges indietary habits anda decrease insleep duration are also
fundamental factorshat have contributed to the obesity panden{iCappuccio et al., 2008;
Drewnowski, 2007; Patel & Hu, 2008)owever, the complex interactionbetween
sedentary behaviour, diet, and sleep with obesigystillnot fully understood(Wright &

Aronne, 2012)

Associations betweeresientary behaviour and obesity have been well established in both
children and adultgBiddle et al., 201,0Hu, Li, Colditz, Willett, & Manson, 2003nd
remain after taking into account physical activity levels alongside other confounders
(Bullock, Griffiths, Sherar, & Cleme812) In additionto being associated witincreased
levels of sedentary behaviour, obesity is also a risk fdatatin some instanceapathway
variable)between sedentary behaviour arsgverahealth-related outcomegde Rezende,
Lopes, Rey6pez, Matsudo, & do Carmo Luiz, 2014; Stokes & Preston, 2016; Thorp, Owen,
Neuhaus, & Dunstarz011) There is mounting evidence that increased levels of sedentary
time are independently associated with a number of hea#fated outcomes; mainly
cardiovascular disease, cardiometabolic risk factors, type 2 diabetes and mdBadityas

et al., 2015; Edwardson et al., 2Q0Jord & Caspersen, 2012; Garcia, Cox, & Rice,.2017)
Despite ths wealth of researchrecent studiesusing subjective measures ghysical
behavioushave suggested that high levelsmbderate physical activity may be protective
againsthigh levels okelfreported sitting time with respect tomortality (Ekelund et al.,
2016; Stamatakis et al., 201%owever, many studies that have found associations

between sedentary behaviours and heal#tlated outcomes have primarily measured
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leisuretime salentary behavioufi.e. television viewing)r total sedentary timgDunstan
et al., 2007; Keadle, Arem, Moore, Sampson, & Matthews, 2015; Thorp et al., 2010;

Wijndaele et al., 2011)

The pattern of accumulation of sedentary time can also be important when considering
associations with health; for exampléwvo people could amass the same volume of
sedentary time across a daput with different behavioural patterngFigure1.5). The

WILINRf 2y ASND g Al If NB ODMASzE A i ST 2BRSF2dzia>x O2YL
accumulates sedentary time in shorter bouts with a high frequency efositand

transitions(Dunstan, Healy, Sugiyama, & Owen, 2010)

Morning

100

200 |

300 §
Minutes

400
500
600

- 700
Evening

Person 1 Person 2
Prolonger Breaker

B Sedentary time <100 counts/min ] Non-sedentary time 100+ counts/min

Figurel.5 Identical daily sedentary time accumulation in two adults: the prolonger vs. the
breaker(Dunstan, Healy, Sugiyama, & Owen, 209021). Reproduced with
permission

Breaking up sedentary tim&ith short and frequent movementss known to have

beneficial associations with cardiometabolic mkers blood pressurandlevels of fatigue
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(Healy et al., 2008; Henson et &Q16; Larsen, Shaw, Healy, & Dunstan, 2015; McCarthy
et al., 2017; Thorp, Kingwell, Owen, & Dunstan, 2014; Wennberg et al.,. Pal@@ver, it

is not known if there is andvantageougattern of sedentary timeaccumulation in terms

of bouts and break$érom sitting whichcan improve the health risks that are associated

with sedentary behavioufKim, Welk, Braun, & Kang, 2015)

There is limitedevidence to support the same associatidios occupational sedentary
behaviour anchedth-related outcomeghat have been found betweetotal and leisure
time sedentary behaviour antiealth-related outcomes For example, studies that have
examined associations between occupational sedentary time and cardiometabolic risk
factors have found mre consistent associations for leistime sedentary behaviour
compared to occupational sedentary behavid@into Pereira, Ki, & Power, 2012; Saidj,
Jagrgensen, Jacobsen, Linneberg, & Aadahl, 20h#&concept ¢ sedentary behaviour,
health-related outcomesand the workplace in itself is natew: the seminal work by
Morris, Heady, Raffle, Roberts, and Parks (198@drted lower rates of coronary heart
disease in morghysically activavorkers (bus conductors, posen) compared to their
more sedentarycolleagues (bus drivers, offitmsed employeesBimilarly,Paffenbarger,
Laughlin, Gimaand Black(1970) found thatlongshorenen whowere more activegcargo
handlers)at work compared tatheir colleagues wh more sedentary jobgclerks and
supervisorsyvere at a lowerrisk ofdeath from coronanheart diseaseMuch of thisearly
work on assaiations betweenoccupational sedentary behaviour and heakhielated
outcomesfocussed orthe sedentariness afccupationalole (Paffenbarger, Blair, & Lee,

2001) More recent studés havealso used categories of occupational activity or self
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reported methodgo measure sitting timg¢van Uffelen et al., 2010However few studies

have usedbjectiveand reliablemeasures of sedentary timan the occupationalomain

In the UKin April 2019 50% @2.7 millior) of the populationwere economically activavith

many working in sedentary or light physical activity occupatio(@ffice for National

Statistics, 2019)Additionally, formt y @ WY 2 R S NJAr deSkbasdddaic paibns,

the majority ofworktime isknown to bespent in sedentary behavioués/ £ SYS &> hi1 [/ 2V
et al., 2014; Jans et al., 2007; Miller & Brown, 2004; Ryde et al., g8detjonl.1.3. With

accessa a large populatiorthe workplace is therefore an ideal environment to promote

a healthy lifestyleand to explore the effects of high levels of occupational sedentary time

on health(Black, 2008)In particular, studies that have examined associations between
sedenary behaviourand stress, depression, anxiety, and musculoskeletal disorders in the
workplace are limited, even thoughese two conditions are responsible for the majority

of work-related ill health and days absent from wditealth and Safety Executive, 2018)

Torecap,sedentary behaviounasan important influence on the obesity pandemic and is
also associated whtseveralhealth-related outcomesindependent of physical activity;
however, the extent to which physical activity attenuates or elimindtese associations
is still unclearThe accumulation and patterning of sedentdnye across the dagnayalso
havean important impact on healtlmoutcomes The role of occupational sedentary time
with health-related outcomes is less clear (BHF, 90%2dentary time in different domains
may represendiffering associatios with health; therefore there is a needor studies to
use more objective, reliable and valid measurements of sitting time enditcupational

domain, to fully understand the effects of sitting at work and health
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1.15 Inactivity physiology

The physiologicdink between the effect of sedentary behaviour (in particular prolonged
sitting) and subsequent healtrelated outcomess not yet fully understood.The term
inactivity physiologyas been coined bgresearch grougrom the USAvho have carried

out studes to investigatehe underlying biology and possible physiological explanation of
sedentary behaviour and its consequent health risks, independent of physical activity levels
(Bey & Hamilton, 2003; Hamilton, Hamilton, & Zderic, 2004; Hamilton, Hamilton, & Zderic,

2007; Levine et al., 2005)

The field of inactivity physiology and itaderlying cellular processes focuses on a protein
enzyme, lipoprotein lipase, found in the blood vessels of muskipsprotein lipase plays

a key role in metabolising fat and sugar; it regulates triglycetjdasaks up lowdensity
lipoprotein (LDLbad cholesterol) and produces higtensity lipoprotein (HDLgood

cholesterol)(Bey & Hamilton, 2003; Hamilton et al., 2004)

A laboratory stugt has demonstrated a 985% reduction in lipoprotein lipase in rats after

a day of inactivity; triglycerides and HDL were also dramatically redidsd& Hamilton,
2003) Inactivity physiology theorises that sitting induces muscular inactivity; lipoprotein
lipase and HDL levels are reduced, arstigad of fat being metabolised, it is carried around
the body and deposited in adipose tissue, which can lead to obesity and other metabolic

conditions(Hamilton et al., 2007; Hamilton, Healy, Dunstan, Theodore, & Owen,.2008)

9 Triglyceride is a blood lipid, which helps in the transfer of adipose fat and blood glucose; the enzyme
lipoprotein lipase breaks down the triglycerides into other compounds that aid metabolism
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The studis from this research group haseiggestedhat sedentary behaviour results in
physiological responsdbat are distinct fromthose that are a result gbhysical activity
(EkblomBak, Hellénius, &kblom, 2010; Hamilton et al., 2004)studyin adults (aged 19

to 32) found that insulirmediated glucose uptake was reduced significantly after one day
of sitting compared to 24ours without sitting(Steptens, Granados, Zderic, Hamilton, &
Braun, 2011)It has been proposed that movement, including activation of postural
musclesstimulates activity of lipoprotein lipase, which in turn heipsmprove cholesterol
and regulate blood sugarsin addition, the activation of lipoprotein lipase is not
significanty different during sitto-stand transitions fronthat of higher levels of physical
activity (EkblomBak et al., 2010; Hamilton et al., 2004)herefore, since breaks in
sedentarytime are known to be beneficial for some cardiometabolic markérss
important to understard the accumulation ancpatterning of sedentary time across the

daywith respect to influences on heal{Dunsan, Kingwell, et al., 2012)

1.2 A conceptualframework for determinants of sedentary behaviour

The World Health Organisation define the social determinants of healithasonditions

in which people are born, grow, live, work and &ag&HQ 2013 para. ). The importance

of social factors and their influence on health have been well establi@iadnot, 2010)

and consequently the traditional epidemiological triangle (the agent, the host and the
environment) has been superseded by an ecological framework that examines the multi

faceted influences fohealth(Mausner & Kramer, 1984)

An ecological model can illustrate the multiple determinants on health, relatinipeo
individual and interactions with their social and physeralironmentsn which behaviours

take place The wdl-cited determinants of health model bpahlgren and Whitehead
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(1991) demonstrates how health is influenced by multiple factdrsg(re1.6). At the
centre of the model are the fixed determinants relating to the individual demographic
and hereditary factors)The series of layers around the individual shasterminantsthat

can vary; thg are influenced by individual behaviousociety, our living and working
conditions and the environmentEach layer has a subsequent impact on the next,
demonstrating the interrelationships between the individual, their surrounding

environnent and health.

ultural and eny;,

Age, sex and
hereditary
factors

Figurel.6 The social determinants of health by Dahlgren and Whitehead (19€igure
reproducedwith permissionfrom Dugdill, Croneand Murphy (2009 p. 7

An ecological model of sedentary behaviours has been proposé&inan et al. (2011fo

examine the individual, the environmaeaaitsetting, andtheir subsequent influences on

sedentary behavioufThis model is based on a similar ecological model for physical activity

by Sallis et al. (2006, p. 299yho statedhatd 9 02t 2 IA Ol € Y2RSt a | NB LJ
F2N) addzREAY I LIKEAAOlIfT FOUA@GAGEY oOCkewisiza S LIK@&
sedentary behviour occuss in particular settings; the ecological model Byven et al.
(2011)categorised four sedentary behaviour domains (leisimee, household, transport

and occupation)Kigurel.7).
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Figurel.7 Ecological model of four domains of sedentary behavigadpated fromOwen et al., 2011, p41). Reproduced with permissiarOHS,

occupational health and safety; PE, physical education; Ped, pedestrian; SB, sedentary behaviour
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The centre of the ecological model for sedentary behaviour represents indiithsyle
factors,with subsequent layers refleictg the interaction of sedentary behaviour with the
perceived environment, behaviour settingand the policy environmentthe four
sedentary behavioudomains of leisurdime, household, transport and occupation, are

illustrated in yellow.

Many studies of sedentary behaviour have been focussededentary time accumulated

within the leisuretime domain, or total sedentary time across @imains; however, there

has been limited research that has looked at correlates of sedgribehaviour in the
occupationaldomain (Figure 1.7), and the impact of the workplace environment on
sedentary behaviourThe wakplace andoolicy environmets in the ecological modedre

influenced by societal norms and policies within wodqas.For example the workplace
environment can limit options of behaviour change for sedentary behavimople may

be required to sifor prolonged periods$o use a computeandA i A a4 O2y aA RSNBR
to sit in meetingsWithin the policy environnent there may belimited opportunities to

have a breaklue toproductivity expectationsywhich will impact oroccupationakedentary

time.

Alternative models include the Systems of Sedentary behaviours framework, which is a
systemsbased approach: it consists of six clusters of determinants that influence
sedentary behaviour without assuming a hierarchy of determiné@tsastin et al., 2016)

The Behavioural Epidemiology Framework for sedentary behaviour is used to understand
the different types of research needdo understand how sedentary behaviour influences
health-related outcomes(Biddle, 2015; Welk, 2002Nonetheless,the technological

revolution has increased theumber of sedentary occupations that involdeskbased
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work, which are best represented by the layers of the sewological model as
fundamental determinants of sedentary behaviolurthermore, the gantification of
free-living sedentary behaviour isportantto help to understand the association between

sedentary behaviour and healfelated outcomegGranat, 2012)

1.3 Summaryof key findings

I Sedentary behaviour is a distinct entity on th@vement continuum and it is frequently
defined in the literatureasany waking behaviour characterised by an energy expenditfife
X .5metabolic equivalentsyhile in a sittingreclining (or lying)posture

1 There is currently no method that caqyuantify freeliving sedentary behaviour that includes
both posture and energy expenditure as defined above.

1 For waistworn accelerometers the is no empirically derivecbunts per minute cupoint for
adults.

1 A combination of a subjective measure and abjective measure is recommended for
sedentary behaviour reseeh studies, tocollectboth contextual and accurate data.

i People can meet recommended levels of moderate to vigorous physical aatiditganalso
be highly sedentary.

9 In industrialised countes, technological developments have meant there is less need for
people to be active in the workplace. The introduction of desk dependmmhputerbased
jobs has resulted in an increase in the number of sedentary occupations.

1 For those who are economidplactive the highest proportion of daily sitting time is
accumulated at workand fordeskbased occupations, the majority of wotikne is known to
be spent in sedentary behaviours

I There is now substantive evidence of the associations betwssstentary behaviour and
health-related outcomes the role of occupational sedentary time with heatlated
outcomes is less clear

1 The extent to which physical activity attenuateseliminatesassociations between sedentary
behaviour and healtielated outcomesrequiresfurther investigation.

i It is important to understandhe accumulation and patterning of sedentary time across [the
dayandthe impact this has on healtelated outcomes.

I Sedentary behaviour results in physiological responses that arendistom those that are a

result of physical activity
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1.4 Aimsand objectives

This thesis comprises two main sectiofise first aimwasto empirically derivea new
ActiGraphaccelerometer cupoint to define sedentary behaviour in adyltee second aim
wasto apply the cutpoint from the first studyto a large population surveffHealth Survey
for England 2008)which cdlectedaccelerometer dataising an ActiGraph devics a sub
sample of participantsjn order to investigate the associations between deatary

behaviour, work, and healthelated outcomes.

1.4.1 StudyOne objectives

1. To empirically derive an optimal threshold for classifying sedentary behaviour, using
the counts per minute output from theActiGraph GT3X-#accelerometer, when
compared to the sedei NB Of I aaAFTAOF A2y FTNRY @KS | Of
living environment.

2. To ascertain whether thresholds for sedentary behaviourpaints vary by day of the
week and in working time versus navorking time.

3. To deriveoptimal cutpointsfor different classifications of sedentary behaviour gsin

contextual data from a 2our activity log, and to examine if there are differences

between them.

1.4.2 Study Two objectives

4. Toidentify associations betweeworkplacesedentary behaviour and healfelated
outcomesusing the derived cupoint from StudyOne.
5. To examine if associations betweenrkplacesedentary behaviour and healitelated

outcomesdiffer between occupational groups
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6. To determine if there ar@associations betweeworkplacesedentary behaviour and
mental ilthealthand musculoskeletal disorders
7. To explore the patterningnd sequences of sedentabputs across the day, and the

relationship with measures of adiposity and other heaigated outcomes

15 Structure of the thesis
This thesigsdivided into seven chapter€hapter Oneoutlined the rationale and the aims
of the included research studiesjth respect tothe changing role of sedentary behaviour

in the workplace andits associations with healtrelated outcomes.

ChapterTwo describes a literature review conducted toexplore and critiquehe current
evidence of sedentary behaviour and work, focussing on the prevalence of sedentary
behaviour at work, and its association with heatthated outcomesThis chapter also
provides an overview of the various methods that can be used to measure saden

behaviour.

Chapter Threeaddres®sthe first aim of this thesido empirically derive a newctiGraph
accelerometer cupoint to define sedentary behaviour in adult;m a freeliving
environment in a samplef 30 officebaseduniversity workers angostgraduate students
Usinggeneralised estimating equatioragcelerometercut-pointsfor sedentary behaviour
were derived for each day of the week, working time and reorking time, and for
classifications of sedentary behaviour within different donsaiResults from thesis
objectivesone and two (Sectiori.4.1) havealreadybeen published(ClarkeCornwdl,
Farragher, Cook, & Granat, 2016pwever, Chapter Three provisléurther specifics on
data cleaningdata processingdata reduction rulesand the statistical analysis, alongside

detailed results for objectives one, two and three.

31



ChapterFour introduces the Health Survey for Engla2@D8and its suitability to examine
sedentary behaviour, workand healthrelated outcomes This chapter describethe
methodology for how the data from the Health Survey for England 2008 were collected
the data cleanng processesand acritique of the strengths and limitations of using
secondary analysis. It algetailsthe variables thatvere used in the regression models to
answer objectives four, five and gi®ectionl.4.1). Furthermore, Chapter Fowtescribes

the statistical methodologies thatere used to address objectives four to seven

Chapter Fiveprovides the main findings from the regression analyses thatre used to
answer objectivedour, five and sixXSection1.4.1). More specifically it examines the
associations between workplace sedentary behaviour lagalth-related outcomes using

the derived cuipoint from Study Onéo classify sedentary time

ChapterSx detailsthe findings from the analyses used to answer objective s¢@eation
1.4.1). This chapter describes sequence analysithat was carried outto explore the
patterningof sedentarytime, using data from the HealtBurvey for England 2008nd the

relationship with measures of adiposity and other healgated outcomes.

Chapter Seven discusss the findingsfrom the studies within this thesis. Itritically
appraises the strengths and weaknessesf the methodologiesused and outlines

implications forpolicy andfuture research.

Throughout thsthesis Tablel.2 isused to illustratehe research aims and objectivesnd

methods whichare addressed within each chapter.
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Tablel.2

Chapter

Overview of studiesaims, objectives, and methods

Aims, objectives and research questions

Chapter 2 Aim: To provide an overview of the literature and to critique Structured literature

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

the current evidence of sedentary behaviour and work,
focussing on the prevalence of sedentary behaviour at wor
and its association with heaklfelated outcomes

Aim: To empirically derive a new accelerometer-paint to
define sedentary behaviour in adults

Objective 1.To empirically derive an optimal threshold for
classifying sedentary behaviour, using the counts per minu
output from the ActiGraph GT3X+ accelerometer, when
O2YLI NBR (2 0KS aSRSydl NE
accelerometer in a freéiving environment

Objective 2:To ascertain whether thresholds for sedentary
behaviour cutpoints vary by day of the weednd in working
time versus norworking time

Objective 3:To derive optimal cupoints for different
classifications of sedentary behaviour using contextual dat
from a 24hour activity log, and to examine if there are
differences between them

Aim: To describe the methodology for the Health Survey fo
England 2008, and a critique of the strengths and limitatior
of using secondary analysis

Aim: To apply the cupoint from Study Onéo data from the
Health Survey for England (2008), in order to investigate tr
associations between sedentary behaviour, work, and heal
related outcomes

Objective 4:To identify associations between workplace
sedentary behaviour and heaHielated outcanes using the
derived cutpoint from Study One

Objective 5:To examine if associations between workplace
sedentary behaviour and healtelated outcomes differ
between occupational groups

Objective 6:To determine if there are associations between
workplace sedentary behaviour and mentahéalth and
musculoskedtal disorders

Aim: To apply he cutpoint from Study Oné¢o data from the
Health Survey for England (2008), in order to investigate tF
associations between sedentary behaviour, work, and heal
related outcomes

Objective 7:To explore the patterning and sequences of
sedentary bouts eross the day, and the relationship with
measures of adiposity and other healtblated outcomes
Aim: To discuss and critically appraise the studies within th
thesis and to outline implications for policy and future
research

review usingsix
electronic databases

Observationastudy
in university workers
and postgraduate
students (n=30)
Application of
generalised
estimating equations
to 1-minute epoch
data for the
ActiGraph GT3X+ anc
GKS | Ol A gt

Description of data
collection and
processing

A secondary data
analysis of the Health
Survey for England
2008

Application of
hierarchical
regression modelg
type of regression
model dependent on
distribution of each
dependent variable
(health-related
outcome)

Sequence analysis to
describe the
characteristics of
time-related
sequences of
sedentary behaviour

Discussion and
conclusions
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Chapter 2- Literature Review
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