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Abstract 

Background: During the last century, the technological revolution has contributed to changes in 

physical behaviour in the workplace. The number of moderate physical activity intensity 

occupations has decreased significantly over this period, and the introduction of desk dependent, 

computer-based jobs has resulted in an increase in the number of sedentary occupations.  

Sedentary behaviour is associated with several health-related outcomes, independent of physical 

activity; however, the role of occupational sedentary time with health-related outcomes is less 

clear. Sedentary time in different domains may represent differing associations with 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 main studies: the first study recruited a sample of university 

employees/postgraduate students (n=30), whose day was spent mostly sedentary. Participants 

were asked to wear two types of accelerometer ό!ŎǘƛDǊŀǇƘ D¢о·Ҍ ŀƴŘ ŀŎǘƛǾt![оϰύ during waking 

hours for seven days: generalised estimating equations were used to derive a counts per minute 

ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ŦƻǊ ǘƘŜ !ŎǘƛDǊŀǇƘ D¢о·ҌΣ ōŀǎŜŘ ƻƴ ǘƘŜ ŀŎǘƛǾt![ϰ ǎŜŘŜƴǘŀǊȅ 

classification.  

The derived accelerometer cut-points from the first study were used to complete a secondary 

analysis using data from the Health Survey for England. In 2008, a sub-sample of participants wore 

an ActiGraph GT1M accelerometer for seven-days, and these data were used to examine the 

relationship between occupational sedentary time and health-related outcomes. 

Results: The derived cut-points from the generalised estimating equations were significantly higher 

on a Saturday (97 cpm) compared to weekdays (60 cpm) and Sunday (57 cpm). Derived counts per 

minute for sedentary time during working time were significantly lower compared to non-working 

time (35 versus 73). Compared to the 100 cpm and 150 cpm thresholds, the empirically derived 

cut-points were not significantly different in terms of area-under-the-curve, but had lower mean 

bias for working and non-working times. The amount of sedentary time from the derived and 

previously proposed cut-points differed significantly; however, this did not affect the beta 

coefficients and the conclusions drawn from the regression models. In contrast to studies that have 

found associations with both total sedentary time and leisure-time sedentary behaviour and 

detrimental health outcomes, there was no evidence that occupational sedentary time is 

associated with health-related outcomes in the same way. Time spent in moderate to vigorous 

physical activity was a significant predictor for waist circumference and BMI for occupational 

sedentary time; furthermore, BMI was a significant predictor of cardiometabolic markers. 

Conclusions: Accelerometer cut-points for sedentary behaviour can depend on day and also 

domain, suggesting that the nature of sitting differs depending on the context in which sedentary 

time is accrued. It 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 health.  
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tailors, suffer from their own particular diseases ... [T]hese workers ... suffer from general 

ill-health and an excessive accumulation of unwholesome humors caused by their sedentary 
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Chapter 1  -   Introduction 

 

ά{ƛǘǘƛƴƎ ǘƻƻ ƳǳŎƘ ƛǎ ƴƻǘ ǘƘŜ ǎŀƳŜ ŀǎ exercising ǘƻƻ ƭƛǘǘƭŜέ 

τ Dr Marc Hamilton 
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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 sedentary behaviour 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 overall structure of the thesis. 

1.1.1 Defining sedentary behaviour 

¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳǎ ΨǎŜŘŜƴǘŀǊȅΩ ŀƴŘ ΨǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊΩ ƛƴ ǊŜǎŜŀǊŎƘ Ƙŀs evolved over 

the last two decades όtŀǘŜΣ hΩbŜƛƭƭΣ ϧ [ƻōŜƭƻΣ нллуΤ {ŜŘŜƴǘŀǊȅ .ŜƘŀǾƛƻǊ wŜǎŜŀǊŎƘ bŜǘǿƻǊƪΣ 

2012; Tremblay et al., 2017; Yates, Wilmot, Davies, et al., 2011), and the number of 

ǊŜǎŜŀǊŎƘ ŀǊǘƛŎƭŜǎ ǇǳōƭƛǎƘŜŘ ǳǎƛƴƎ ǘƘŜ ǘŜǊƳ ΨǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊΩ has increased 

exponentially over this same period (Saunders, 2017). ¢ƘŜ ǘŜǊƳ ΨǎŜŘŜƴǘŀǊȅΩ ŎƻƳŜǎ ŦǊƻƳ 

ǘƘŜ [ŀǘƛƴ Ψǘƻ ǎƛǘΩΣ sedere, whilst ΨǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊΩ ŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ ǇǊŀŎǘƛŎŜ ƻŦ 

continued sitting or resting, and cannot be defined merely as a lack of physical activity (Pate 

et al., 2008). Sedentary behaviour occurs in different environments and domains: work can 

involve long periods of sitting; commuting can include sitting when travelling by car or 

public transport; household sedentary time can include activities such as television 

viewing4, screen time (i.e. mobile phones and tablets) and personal computer use; and 

                                                      
 

4 Although electronic entertainment is included within the household domain within the ecological model for 
sedentary behaviour (Owen et al., 2011), many studies classify television viewing as a leisure-time sedentary 
behaviour (Pinto Pereira et al., 2012; Stamatakis, Hillsdon, Mishra, Hamer, & Marmot, 2009; Sugiyama et al., 
2008). 
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leisure-time sedentary behaviour encompasses activities such as reading, listening to 

music, eating, and socialising (Owen et al., 2011; Sugiyama, Healy, Dunstan, Salmon, & 

Owen, 2008). 

Pate et al. (2008) defined sedentary behaviour as behaviour that generates low 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 screen-based 

entertainment. (p.174) 

/ƻƴǾŜǊǎŜƭȅΣ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άany bodily movement produced by skeletal 

muscles tƘŀǘ ǊŜǉǳƛǊŜǎ ŜƴŜǊƎȅ ŜȄǇŜƴŘƛǘǳǊŜέ (Caspersen, Powell, & Christenson, 1985, p. 

126; World Health Organization [WHO], n.d., para. 1). These definitions of sedentary 

ōŜƘŀǾƛƻǳǊ ŀƴŘ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ ōƻǘƘ ǳǎŜ ǘƘŜ ǘŜǊƳ ΨŜƴŜǊƎȅ ŜȄǇŜƴŘƛǘǳǊŜΩΣ ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ 

amount of energy required to carry out all physical functions, such as basal metabolic rate5, 

food digestion (thermic effect of food), and all physical activity (activity thermogenesis) 

(Caspersen et al., 1985; Levine, 2004). Energy expenditure can be quantified using 

metabolic equivalents (METs), with one MET representing the average, resting metabolic 

rate while seated at rest; for adults, this is equivalent to 3.5ml of oxygen consumption per 

kilogram of body weight per 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. 
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The intensity of human movements (including sedentary behaviour and physical activity) 

can be described in terms of energy expenditure (expressed in METs), with categories of 

physical behaviour differentiated in terms of energy expenditure on the movement 

continuum (Figure 1.1) (British Heart Foundation [BHF], 2012; Tremblay, Colley, Saunders, 

Healy, & Owen, 2010). 

 

Figure 1.1 Movement continuum in terms of energy expenditure (BHF, 2012, p. 2; adapted 
from Tremblay et al., 2010) 

The energy expenditure of physical 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. (2008) ŘŜŦƛƴŜŘ ΨƭƛƎƘǘ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅΩ 

independently from sedentary behaviour: 

Light physical activity, which often is grouped with sedentary behavior but is in fact 

a distinct activity construct, involves energy expenditure at the level of 1.6-2.9 

METs. It 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 of Applied Physiology Nutrition and Metabolism, the 

Sedentary Behavior Research Network (2012), proposed the following definitions of 
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ΨǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊΩ ŀƴŘ ΨƛƴŀŎǘƛǾŜΩ, to avoid further inconsistencies and confusion in 

research related to sedentary behaviour: 

We suggest that journals formally define sedentary behavior as any waking 

behaviour characterized by an energy expenditure Җ1.5 METs while in a sitting or 

reclining posture. Lƴ ŎƻƴǘǊŀǎǘΣ ǿŜ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀǳǘƘƻǊǎ ǳǎŜ ǘƘŜ ǘŜǊƳ άƛƴŀŎǘƛǾŜέ ǘƻ 

describe those who 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 definition of sedentary behaviour has recently been updated to include the 

ǘŜǊƳ ΨƭȅƛƴƎΩΣ ŀƭƻƴƎǎƛŘŜ ΨǎƛǘǘƛƴƎΩ ŀƴŘ ΨǊŜŎƭƛƴƛƴƎΩ (Tremblay et al., 2017). The two definitions 

of sedentary behaviour by the Sedentary Behavior Research Network (2012 and 2017) 

include components of both energy expenditure (Җ1.5 METs) and posture (sitting, reclining 

or lying). The physical behaviours on the movement continuum (Figure 1.1), can be 

quantified in terms of energy expenditure, with moderate intensity physical activity 

characterised as energy expenditure between 3 and 5.9 METs, and vigorous intensity as 

activities with an energy expenditure җ6 METs (Ainsworth et al., 2011) (Table 1.1); 

however, there are currently no standardised threshold values (based on energy 

expenditure) for sedentary behaviour. 
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Table 1.1 Energy expenditure (METs) for behaviours on the movement continuum 

Behaviour Energy expenditure 

(METs) 

Examples Source 

Sleep 0.9 - (Ainsworth et al., 2011) 

Sedentary 

behaviour  

1.0-1.5 

or Җ1.5 

Sitting, lying down, 

watching television 

(Mansoubi et al., 2015; Pate et 

al., 2008; Sedentary Behavior 

Research Network, 2012; 

Tremblay et al., 2017) 

Light activity 1.6-2.9 Slow walking, sitting 

and writing, cooking 

food, standing 

(Pate et al., 2008; Tremblay et al., 

2010) 

Moderate 

activity 

3.0-5.9 Swimming, walking 

(>3 mph), lifting 

weights 

(Ainsworth et al., 2011; Freedson, 

Melanson, & Sirard, 1998; Pate et 

al., 1995; The U.S. Department of 

Health and Human Services, 

2008) 

Vigorous 

activity 

җ6 Running (>4 mph), 

bicycling (>10 mph), 

swimming (front 

crawl) 

(Ainsworth et al., 2011; Freedson 

et al., 1998; Pate et al., 1995; The 

U.S. Department of Health and 

Human Services, 2008) 

The recent definitions of sedentary behaviour from the Sedentary Behavior Research 

Network do not have a lower limit in terms of energy expenditure, compared to the 

previous definition from Pate et al. (2008), which used a range of 1.0-1.5 METs (Table 1.1). 

Defining sedentary behaviour in terms of energy expenditure alone can result in 

misclassification if contextual information is not also provided: for example, some non-

sedentary activities are known to produce low energy expenditure, such as standing 

(Ainsworth et al., 2011; Crouter, Clowers, & Bassett, 2006), and sitting whilst carrying out 

activities such as typing or note-taking can produce energy expenditure greater than 1.5 

METs (Ainsworth et al., 2011; Mansoubi et al., 2015). As part of the Terminology Consensus 

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

threshold of 1.5: sitting characterised by an energy expenditure Җ1.5 METs is referred to as 
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passive sitting, and sitting characterised by an energy expenditure >1.5 METs is referred to 

as active sitting. These classifications are illustrated in the conceptual model in Figure 1.2, 

which shows the physical behaviours of sleep, sedentary behaviour and physical activity in 

terms of energy expenditure, and also provides postural information, represented within 

the outer ring (Tremblay et al., 2017). The model shows that sleep, sedentary behaviour 

and physical activity may all happen while a person is sitting, but at different intensities in 

terms of energy expenditure. 

 

Figure 1.2 Conceptual model of movement-based terminology (Tremblay et al., 2017, p. 
11). Reproduced with permission (originally published by Biomed Central). 

The ǘŜǊƳ ΨƛƴŀŎǘƛǾƛǘȅΩ is not defined in the conceptual model in terms of energy expenditure 

(Figure 1.2; Tremblay et al., 2017), but has been debated in the literature as a different 

construct to sedentary behaviour (van der Ploeg & Hillsdon, 2017). Many previous studies 

(especially in literature from the field of sports and exercise) have combined sedentary 

behaviour and light physical activity into one category to describe inactivity, or have used 
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the term ΨƛƴŀŎǘƛǾƛǘȅΩ to indicate not meeting a specified/recommended level of moderate 

to vigorous physical activity (Church et al., 2009; Lowry, Wechsler, Galuska, Fulton, & Kann, 

2002; Melanson et al., 2009; Sedentary Behavior Research Network, 2012; Tremblay et al., 

2017). 

The current physical activity guidelines in the UK, from the Chief Medical Officer, for adults 

(aged 19-64 years) state: 

Adults should aim to be active daily. Over a week, activity should add up to at least 

150 minutes (2½ hours) of moderate intensity activity in bouts of 10 minutes or 

more ς one way to approach this is to do 30 minutes on at least 5 days a week. 

(Department of Health, 2011, p. 7) 

The UK physical activity guidelines also state ǘƘŀǘ άŎƻƳǇŀǊŀōƭŜ ōŜƴŜŦƛǘǎ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ 

ǘƘǊƻǳƎƘ тр ƳƛƴǳǘŜǎ ƻŦ ǾƛƎƻǊƻǳǎ ƛƴǘŜƴǎƛǘȅ ŀŎǘƛǾƛǘȅ Χέ (Department of Health, 2011, p. 7). In 

the Health Survey for England 2016, 66% of men and 58% of women were reported to meet 

the UK recommended physical activity levels of at least 150 minutes of moderate physical 

activity, or 75 minutes of vigorous physical activity (or an equivalent combination of both) 

(Scholes, 2017). Overall, 38% of adults (19 years or older) in England were physically 

inactive in 2016, which is higher than the weighted global average of 31% for adults (15 

years or older) (Hallal et al., 2012; Scholes, 2017). Furthermore, using the definition of 

inactivity to denote not meeting a recommended level of physical activity, infers that 

people can be both physically inactive and also accrue a large amount of sedentary time 

across a day; conversely, people can also meet physical activity recommendations and be 

highly sedentary (Bakrania et al., 2016; Owen, Healy, Howard, & Dunstan, 2012; Owen, 

Healy, Matthews, & Dunstan, 2010). 
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Defining sedentary behaviour as not meeting recommended physical activity guidelines 

does not consider time spent in light physical activity. There are currently no UK guidelines 

that quantify recommended amounts of time for light physical activity or sedentary 

behaviour for adults; however, the UK physical activity guidelines recommend that adults 

ǎƘƻǳƭŘ ƭƛƳƛǘ ǘƘŜƛǊ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ōȅΣ άǊŜŘǳŎƛƴƎ ǘƻǘŀƭ ǎŜŘŜƴǘŀǊȅ ǘƛƳŜ ŀƴŘ ōǊŜŀƪƛƴƎ ǳǇ 

ŜȄǘŜƴŘŜŘ ǇŜǊƛƻŘǎ ƻŦ ǎƛǘǘƛƴƎέ (Department of Health, 2011, p. 34). Similarly, Australian 

physical activity ŀƴŘ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ƎǳƛŘŜƭƛƴŜǎ ǎǘŀǘŜ ǘƘŀǘ ŀŘǳƭǘǎ ǎƘƻǳƭŘΣ άaƛƴƛƳƛǎŜ 

ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ ǎǇŜƴǘ ǎƛǘǘƛƴƎ ƛƴ ǇǊƻƭƻƴƎŜŘ ǎƛǘǘƛƴƎέΣ ŀƴŘΣ ά.ǊŜŀƪ ǳǇ ƭƻƴƎ ǇŜǊƛƻŘǎ ƻŦ ǎƛǘǘƛƴƎ 

ŀǎ ƻŦǘŜƴ ŀǎ ǇƻǎǎƛōƭŜέ (Department of Health: Australian Government, 2014, p. 8). Sedentary 

behaviour recommendations for adults have yet to be quantified in the UK or Australia; 

however, daily screen time recommendations for children of no more than two hours have 

been proposed alongside limiting prolonged periods of sitting, in Canadian and Australian 

guidelines (Canadian Society for Exercise Physiology, 2017; Department of Health: 

Australian Government, 2014b). Although some national physical activity guidelines 

include recommendations to sit less, evidence-based data are not currently available to 

quantify a recommended daily sedentary time that is not detrimental to health (Biddle et 

al., 2010). 

In addition to defining sedentary behaviour using both energy expenditure and posture, or 

as not meeting a certain threshold of physical activity, several other definitions have also 

been used in the literature. A review by Bennett, Winters-Stone, Nail, and Scherer (2006) 

described the definitions of sedentary within physical activity intervention trials between 

the years 2000 and 2005. The majority of trials (32 out of 42) from this review paper 

defined sedentary in terms of falling below a specified cut-point of minutes (or days per 
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week) of physical activity; the thresholds for the definition of sedentary ranged from <20 

minutes per week up to <150 minutes per week of physical activity (the latter being the 

equivalent of the UK guidelines). Trials that used the definition of a number of days per 

week of physical activity, used thresholds of <1, <2, or <3 days per week. Further definitions 

of sedentary reported in the review by Bennett et al. (2006) used energy expenditure, 

calculated subjectively from the 7-Day Physical Activity Recall scale (Blair et al., 1985); one 

study objectively measured energy expenditure using ŀ /ŀƭǘǊŀŎϰ ŀŎŎŜƭŜǊƻƳŜǘŜǊΣ ǘƻ ŎƻƴŦƛǊƳ 

self-reported sedentary time (Cooper, Moore, McKenna, & Riddoch, 2000); whilst a further 

study categorised occupation as either physical or sedentary, when examining activity in 

both the occupational and leisure-time domains (Williams et al., 2004). Likewise, 

occupational studies have classified occupations into either sedentary or not, based on the 

main categoric measure of occupational activity reported (Paffenbarger, Wing, & Hyde, 

1978; van Uffelen et al., 2010). 

To summarise, sedentary behaviour has been defined as being in a sitting, reclining or a 

lying position, whilst producing low energy expenditure. Many previous studies that have 

ŜȄŀƳƛƴŜŘ ǎŜŘŜƴǘŀǊȅ ōŜƘŀǾƛƻǳǊ ƘŀǾŜ ŘŜǎŎǊƛōŜŘ ŎƻƘƻǊǘǎ ŀǎ ΨǎŜŘŜƴǘŀǊȅΩ ƻǊ ΨǇƘȅǎƛŎŀƭly 

ƛƴŀŎǘƛǾŜΩΣ ǿƛǘƘƻǳǘ ŀƴȅ ŘŜŦƛƴƛǘƛǾŜ ƳŜŀǎǳǊŜ ƻǊ ŀǎǎŜǎǎƳŜƴǘΦ Sedentary behaviour is a distinct 

entity to insufficient physical activity and is differentiated from other behaviours on the 

movement continuum. People meeting the recommended levels of moderate to vigorous 

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

There are a number of available methods to quantify physical behaviour, which can be 

categorised as either subjective (i.e. self-reported questionnaires and diaries) or objective 

(i.e. pedometers and accelerometers) (Tudor-Locke & Myers, 2001); 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, 2002). The 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 what information is required to 

answer the research question(s) (Dugdill & Stratton, 2007). Physical activity is proposed to 

be purposive in nature, as opposed to sedentary behaviour that tends to be unstructured, 

occurring at multiple time-points throughout the day, with varying bout lengths and within 

different domains (i.e. home, transport, work and leisure) (Kang & Rowe, 2015; Owen et 

al., 2011; Sugiyama et al., 2008). There is currently no measure that can quantify free-living 

sedentary behaviour that includes both posture and energy expenditure as defined by the 

Sedentary Behavior Research Network (Granat, 2012; Kang & Rowe, 2015; Sedentary 

Behavior Research Network, 2012; Tremblay et al., 2017). 

1.1.2.1 Subjective measures 

Subjective measures comprise self-reported methods such as activity diaries and 

questionnaires: they are practical in terms of cost and low participant burden (Tudor-Locke 

& Myers, 2001; Welk, 2002). Self-reported 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 expenditure (Ainsworth et al., 

2011). Furthermore, self-reported methods allow for the measurement of domain-specific 

sedentary behaviours by collecting contextual information on where the behaviour 

occurred and within which domain (Ainsworth, Cahalin, Buman, & Ross, 2015; Atkin et al., 

2012; Tudor-Locke & Myers, 2001; Welk, 2002). Subjective measures of sedentary 

behaviour are limited by: reported underestimates of sedentary time; the variability in the 

wording of questions and recall limitations; are subject to social desirability bias; and they 

ǘŜƴŘ ǘƻ ƘŀǾŜ Ψƭƻǿ-to-ƳƻŘŜǊŀǘŜΩ ǾŀƭƛŘƛǘȅ ŎƻƳǇŀǊŜŘ ǘƻ ƻbjective measures (Atkin et al., 

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 body-worn instruments such as 

accelerometer-based devices6, pedometers and heart rate monitors (Dunstan, Howard, 

Healy, & Owen, 2012; Matthews et al., 2008). In physical behaviour research, the 

accelerometer is the predominant objective method used in studies that measure 

sedentary behaviour (Atkin et al., 2012; Edwardson, Winkler, et al., 2016; Owen et al., 

2010). Accelerometers are used to quantify human movement by measuring the 

acceleration of body segments in one or more axes and they are able to measure the 

frequency and intensity of movement (Tryon & Williams, 1996). 

                                                      
 

6 Throughout this thesis accelerometer-based devices are referred to as accelerometers as is commonly seen 
in the literature for the measurement of physical behaviour. 
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The strengths of accelerometers include: their ability to collect a large amount of data and 

measure frequency, intensity, and duration of sedentary behaviour; they can look at 

temporal patterns across the day; they can be used to estimate energy expenditure; they 

can be unobtrusive; and they can be used to record activity over a long period (Ainsworth 

et al., 2015; Atkin et al., 2012; Kang & Rowe, 2015). Accelerometer limitations include: their 

expense; it 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 expenditure and 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 may introduce 

measurement error. Key issues to consider at each stage of a study include: pre-data 

collection (e.g. number of days of data to collect, which sampling frequency to use), data 

collection (e.g. attachment location, instructions to participants), and data processing (e.g. 

technical expertise to process and analyse data, decisions on what a valid day is, how to 

deal with non-wear and sleep time) (Edwardson, Winkler, et al., 2016; Sirard & Petrucci Jr., 

2019). There are currently no standard guidelines for processing accelerometer data 

(Sirard & Petrucci Jr., 2019). 

Objective body-worn measures of sedentary behaviour can be categorised into those that 

classify posture and those that estimate energy expenditure (Granat, 2012). An 

accelerometer-based device that uses postural classifications is the activPALϰ (PAL 

Technologies Ltd, Glasgow, Scotland). It is worn on the anterior aspect of the thigh, and 
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the sensing element is used to determine the inclination of the thigh. Using proprietary 

algorithms, data from the activPALϰ are classified into sedentary (sitting/lying), standing, 

stepping events, and sit-to-stand transitions. The output from the activPALϰ has been 

validated for these postural classifications in adult populations (Grant, Dall, Mitchell, & 

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

Accelerometers that estimate energy 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 medio-lateral axes) are 

integrated as an activity count over a specified epoch. Calibration studies have used 

statistical modelling between energy expenditure and accelerometer counts to generate 

regression equations to derive cut-points for different physical activity intensities in the 

ActiGraph accelerometer (ActiGraph LLC, Pensacola, Florida) (Crouter et al., 2006; 

Freedson et al., 1998; Troiano et al., 2008). Many studies that have used the ActiGraph to 

define sedentary behaviour have used a cut-point of less than 100 counts per minute: 

although this cut-point is generally accepted in sedentary behaviour research, it was not 

empirically derived for adults (Matthews et al., 2008). This cut-point can under- or over-

estimate sedentary time depending on the context or population in which sedentary 

behaviour is measured (Aguilar-Farías, Brown, & Peeters, 2013; Crouter et al., 2006; Kozey-

Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011; Lopes, Magalhães, Bragada, & 

Vasques, 2009). 

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

associations with health-related outcomes (Section 1.1.4), and for planning public health 
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messages. Therefore, 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 studies (Healy et al., 2011). A more comprehensive overview of subjective and 

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

Section 2.1. 

1.1.3 Historical context of sedentary behaviour in the workplace 

In recent years there has been an increase in research studies that have focussed primarily 

on sedentary behaviour levels (Biswas et al., 2015; Owen et al., 2010; Prince, Reed, 

McFetridge, Tremblay, & Reid, 2017; van Uffelen et al., 2010; Wilmot et al., 2012), which 

has coincided with technological advancements in modern day society (Albrechtsen, 2001; 

Rind, Jones, & Southall, 2014). 

During the last century, jobs and the workplace have changed considerably; we are 

comparatively more sedentary than our ancestors (Power & Schulkin, 2013). The 

technological revolution has made us more productive and efficient in our domestic, 

leisure, transport, and working environments (Albrechtsen, 2001; Brownson, Boehmer, & 

Luke, 2005; Rind et al., 2014). Labour saving devices have made our lives easier at home, 

access to televisions and personal computers have changed the way we spend our leisure 

time, and the automation of some job roles and technology have removed the need for 

many traditional, physically intensive jobs, such as those in the agricultural and 

manufacturing industries (Albrechtsen, 2001; Church et al., 2011). The proportion of 

moderate physical activity intensity occupations has decreased from 48% in 1960 to 20% 



16 

 

in 2008; during this same period, the proportion of sedentary and light physical activity 

occupations has increased (Figure 1.3; Church et al., 2011). 

 

Figure 1.3 Changes in the proportion of sedentary, light and moderate physical activity 
occupations in the United States (1960-2008) (Church et al., 2011, p. 4). 
Reproduced with permission.7 

Consequently, levels of physical activity in the occupation and transport domains have 

decreased, whilst there has been an increase in occupational and leisure-time sedentary 

time (Brownson et al., 2005). It has been reported that adults spend 55% of their waking 

time in sedentary behaviours across all domains (Matthews et al., 2008). More specifically, 

levels of occupational physical activity decreased significantly from 43% to 39% (p<0.001) 

between 1991 to 2004 in England (Stamatakis, Ekelund, & Wareham, 2007). In the UK, 

between 1961 and 2005, the number of hours spent in sedentary behaviours per week 

increased by 50% (28.4 hours per week to 41.7 hours per week) (Ng & Popkin, 2012). 

                                                      
 

7 https://creativecommons.org/licenses/by/4.0/  
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Similarly, in Denmark between 1990 and 2010, the proportion of the Danish workforce who 

engaged in high levels of occupational sedentary time (at least three-quarters of work time) 

increased from 33% to 39% (van der Ploeg, Møller, Hannerz, van der Beek, & Holtermann, 

2015). The decrease over time of occupational physical activity and an increase in 

workplace sedentary time is related to deindustrialisation and a growth in 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 over 60% and 50% of total daily sitting time respectively (Clemes et 

al., 2015; Miller & Brown, 2004). The study by Miller and Brown (2004) assessed sitting 

time in different occupational groups: these occupational groups were broadly categorised 

into white-collar workers (managerial and professional workers who tend to work in 

offices) (Collins, n.d.; United States Department of Labor, 1999), and blue-collar workers 

(those working in industry, generally undertaking physical work) (Collins, n.d.; United 

States Department of Labor, n.d.). White-collar workers, comprised managerial and 

administrative staff, sat for over 75 % of their working day, equating to 6.2 and 5.7 hours 

respectively: in comparison, blue-collar workers, which included cleaners and maintenance 

staff, only sat for 22 % of their working day (equivalent to 1.6 hours) (Miller & Brown, 2004). 

Other studies have also reported that a high proportion of working time in office workers 

is spent sedentary in both England (71%) and Australia (67%) ό/ƭŜƳŜǎΣ h /ƻƴƴŜƭƭΣ ϧ 

Edwardson, 2014; Ryde, Brown, Gilson, & Brown, 2014). A study of a Dutch working 

population also found significant differences in time spent sitting between different 

occupational sectors (Jans, Proper, & Hildebrandt, 2007). Minutes spent sitting at work 

each day ranged from 50 minutes for blue-collar workers in the catering industry to 207 
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minutes for those white-collar workers, working in computerisation. Additionally, research 

has shown that office workers who spend a high proportion of their working day sitting, 

are also more likely to be sedentary outside of work ό/ƭŜƳŜǎΣ h /ƻƴƴŜƭƭΣ Ŝǘ ŀƭΦΣ 2014). 

A consequence of this decrease in physically active occupations has been a decline in daily 

energy expenditure (Brownson et al., 2005; Church et al., 2011; Katzmarzyk & Mason, 

2009). During the last two decades of the 20th Century there was an average reduction of 

800 kilocalories per day in terms of energy expenditure from activity, and also a decrease 

in consumption of approximately 750 kilocalories per day, resulting in a net gain of 50 

calories per day (James, 1995). The reduction in calorie consumption was confirmed in a 

study from the Institute of Fiscal Studies, which reported that households in the UK 

purchased between 15-30% fewer calories between 1980 and 2009 (Griffith, Lluberas, & 

Luhrmann, 2013). Consequently, this has resulted in an imbalance between energy 

consumed in the form of calories compared to the energy we expend through activity and 

ǘƘŜ ōƻŘȅΩǎ ŜƴŜǊƎȅ ƴŜŜŘs to maintain function: this energy imbalance has resulted in a 

positive difference between intake and energy expenditure (James, 1995; Ladabaum, 

Mannalithara, Myer, & Singh, 2014). 

1.1.4 Sedentary behaviour and health-related outcomes  

Declining energy expenditure from activity over recent decades has coincided with the 

global obesity pandemic (James, 2004; Prentice & Jebb, 1995). Obesity is a complex 

disorder that is associated with excess fat: it is diagnosed based on a body mass index (BMI) 

(kg/m2) of greater or equal to 30 kg/m2 (Mayo Clinic, n.d.; WHO, n.d.-a). Obesity has a 

multifactorial aetiology, including genetic and health conditions; however, the key drivers 
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are inactivity and eating habits (Mayo Clinic, n.d.; Power & Schulkin, 2013; Prentice & Jebb, 

1995). In 2015, the estimated global prevalence of obesity was 12% amongst adults (The 

GBD 2015 Obesity Collaborators, 2017); more specifically in England, obesity prevalence 

has risen over 10% between 1993 and 2017 (Figure 1.4; Public Health England, 2019). 

 

Figure 1.4 Trends in obesity prevalence among adults in England (Public Health England, 
2019); data from Health Survey for England 1993-2017 (three-year averages). 
Reproduced with permission.8 

The obesity pandemic is a major global public health challenge, given that obesity is known 

to be associated with an increased risk of developing a number of health-related outcomes 

including, type 2 diabetes, cardiometabolic syndrome, cardiovascular disease, cancer and 

musculoskeletal disorders (The GBD 2015 Obesity Collaborators, 2017). Sedentary 

behaviour is an important influence of the obesity pandemic, which is considered to be as 

                                                      
 

8 Contains public sector information licensed under the Open Government Licence v3.0. 
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/  
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a result of the displacement of light physical activity for sedentary behaviour over recent 

years (Mansoubi, Pearson, Biddle, & Clemes, 2014; Yates, Wilmot, Khunti, et al., 2011). It 

is recognised that changes in dietary habits and a decrease in sleep duration are also 

fundamental factors that have contributed to the obesity pandemic (Cappuccio et al., 2008; 

Drewnowski, 2007; Patel & Hu, 2008); however, the complex interaction between 

sedentary behaviour, diet, and sleep with obesity is still not fully understood (Wright & 

Aronne, 2012). 

Associations between sedentary behaviour and obesity have been well established in both 

children and adults (Biddle et al., 2010; Hu, Li, Colditz, Willett, & Manson, 2003), and 

remain after taking into account physical activity levels alongside other confounders 

(Bullock, Griffiths, Sherar, & Clemes, 2017). In addition to being associated with increased 

levels of sedentary behaviour, obesity is also a risk factor (and in some instances a pathway 

variable) between sedentary behaviour and several health-related outcomes (de Rezende, 

Lopes, Rey-López, Matsudo, & do Carmo Luiz, 2014; Stokes & Preston, 2016; Thorp, Owen, 

Neuhaus, & Dunstan, 2011). There is mounting evidence that increased levels of sedentary 

time are independently associated with a number of health-related outcomes; mainly 

cardiovascular disease, cardiometabolic risk factors, type 2 diabetes and mortality (Biswas 

et al., 2015; Edwardson et al., 2012; Ford & Caspersen, 2012; Garcia, Cox, & Rice, 2017). 

Despite this wealth of research, recent studies using subjective measures of physical 

behaviours have suggested that high levels of moderate physical activity may be protective 

against high levels of self-reported sitting time with respect to mortality (Ekelund et al., 

2016; Stamatakis et al., 2019). However, many studies that have found associations 

between sedentary behaviours and health-related outcomes have primarily measured 
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leisure-time sedentary behaviour (i.e. television viewing) or total sedentary time (Dunstan 

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 example, two people could amass the same volume of 

sedentary time across a day, but with different behavioural patterns (Figure 1.5). The 

ΨǇǊƻƭƻƴƎŜǊΩ ǿƛƭƭ ŀŎŎǳƳǳƭŀǘŜ ǎŜŘŜƴǘŀǊȅ ǘƛƳŜ ƛƴ ƭƻƴƎ ōƻǳǘǎΣ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ΨōǊŜŀƪŜǊΩΣ ǿƘƻ 

accumulates sedentary time in shorter bouts with a high frequency of sit-to-stand 

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

 

Figure 1.5 Identical daily sedentary time accumulation in two adults: the prolonger vs. the 
breaker (Dunstan, Healy, Sugiyama, & Owen, 2010, p. 21). Reproduced with 
permission. 

Breaking up sedentary time with short and frequent movements is known to have 

beneficial associations with cardiometabolic markers, blood pressure and levels of fatigue 
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(Healy et al., 2008; Henson et al., 2016; Larsen, Shaw, Healy, & Dunstan, 2015; McCarthy 

et al., 2017; Thorp, Kingwell, Owen, & Dunstan, 2014; Wennberg et al., 2016). However, it 

is not known if there is an advantageous pattern of sedentary time accumulation in terms 

of bouts and breaks from sitting, which can improve the health risks that are associated 

with sedentary behaviour (Kim, Welk, Braun, & Kang, 2015). 

There is limited evidence to support the same associations for occupational sedentary 

behaviour and health-related outcomes that have been found between total and leisure-

time sedentary behaviour and health-related outcomes. For example, studies that have 

examined associations between occupational sedentary time and cardiometabolic risk 

factors have found more consistent associations for leisure-time sedentary behaviour 

compared to occupational sedentary behaviour (Pinto Pereira, Ki, & Power, 2012; Saidj, 

Jørgensen, Jacobsen, Linneberg, & Aadahl, 2013). The concept of sedentary behaviour, 

health-related outcomes, and the workplace in itself is not new: the seminal work by 

Morris, Heady, Raffle, Roberts, and Parks (1953) reported lower rates of coronary heart 

disease in more physically active workers (bus conductors, postmen) compared to their 

more sedentary colleagues (bus drivers, office-based employees). Similarly, Paffenbarger, 

Laughlin, Gima, and Black (1970), found that longshoremen who were more active (cargo 

handlers) at work compared to their colleagues with more sedentary jobs (clerks and 

supervisors) were at a lower risk of death from coronary heart disease. Much of this early 

work on associations between occupational sedentary behaviour and health-related 

outcomes focussed on the sedentariness of occupational role (Paffenbarger, Blair, & Lee, 

2001). More recent studies have also used categories of occupational activity or self-
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reported methods to measure sitting time (van Uffelen et al., 2010). However, few studies 

have used objective and reliable measures of sedentary time in the occupational domain. 

In the UK in April 2019, 50% (32.7 million) of the population were economically active with 

many working in sedentary or light physical activity occupations (Office for National 

Statistics, 2019). Additionally, for mŀƴȅ ΨƳƻŘŜǊƴΩ ŎƻƳǇǳǘŜǊ- and desk-based occupations, 

the majority of work time is known to be spent in sedentary behaviours ό/ƭŜƳŜǎΣ h /ƻƴƴŜƭƭΣ 

et al., 2014; Jans et al., 2007; Miller & Brown, 2004; Ryde et al., 2014) (Section 1.1.3). With 

access to a large population, the workplace is therefore an ideal environment to promote 

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

on health (Black, 2008). In particular, studies that have examined associations between 

sedentary behaviour and stress, depression, anxiety, and musculoskeletal disorders in the 

workplace are limited, even though these two conditions are responsible for the majority 

of work-related ill health and days absent from work (Health and Safety Executive, 2018). 

To recap, sedentary behaviour has an important influence on the obesity pandemic and is 

also associated with several health-related outcomes, independent of physical activity; 

however, the extent to which physical activity attenuates or eliminates these associations 

is still unclear. The accumulation and patterning of sedentary time across the day may also 

have an important impact on health outcomes. The role of occupational sedentary time 

with health-related outcomes is less clear (BHF, 2012). Sedentary time in different domains 

may represent differing associations with 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. 
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1.1.5 Inactivity physiology 

The physiological link between the effect of sedentary behaviour (in particular prolonged 

sitting) and subsequent health-related outcomes is not yet fully understood. The term 

inactivity physiology has been coined by a research group from the USA who have carried 

out studies to investigate the 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 its underlying cellular processes focuses on a protein 

enzyme, lipoprotein lipase, found in the blood vessels of muscles. Lipoprotein lipase plays 

a key role in metabolising fat and sugar; it regulates triglycerides9, breaks up low-density 

lipoprotein (LDL, bad cholesterol) and produces high-density lipoprotein (HDL, good 

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

A laboratory study has demonstrated a 90-95% reduction in lipoprotein lipase in rats after 

a day of inactivity; triglycerides and HDL were also dramatically reduced (Bey & Hamilton, 

2003). Inactivity physiology theorises that sitting induces muscular inactivity; lipoprotein 

lipase and HDL levels are reduced, and instead 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 studies from this research group have suggested that sedentary behaviour results in 

physiological responses that are distinct from those that are a result of physical activity 

(Ekblom-Bak, Hellénius, & Ekblom, 2010; Hamilton et al., 2004). A study in adults (aged 19 

to 32) found that insulin-mediated glucose uptake was reduced significantly after one day 

of sitting compared to 24-hours without sitting (Stephens, Granados, Zderic, Hamilton, & 

Braun, 2011). It has been proposed that movement, including activation of postural 

muscles, stimulates activity of lipoprotein lipase, which in turn helps to improve cholesterol 

and regulate blood sugars: in addition, the activation of lipoprotein lipase is not 

significantly different during sit-to-stand transitions from that of higher levels of physical 

activity (Ekblom-Bak et al., 2010; Hamilton et al., 2004). Therefore, since breaks in 

sedentary time are known to be beneficial for some cardiometabolic markers, it is 

important to understand the accumulation and patterning of sedentary time across the 

day with respect to influences on health (Dunstan, Kingwell, et al., 2012). 

1.2 A conceptual framework for determinants of sedentary behaviour 

The World Health Organisation define the social determinants of health as άthe conditions 

in which people are born, grow, live, work and ageέ (WHO, 2013, para. 1). The importance 

of social factors and their influence on health have been well established (Marmot, 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 of health (Mausner & Kramer, 1984). 

An ecological model can illustrate the multiple determinants on health, relating to the 

individual and interactions with their social and physical environments in which behaviours 

take place. The well-cited determinants of health model by Dahlgren and Whitehead 
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(1991), demonstrates how health is influenced by multiple factors (Figure 1.6). At the 

centre of the model are the fixed determinants relating to the individual (i.e. demographic 

and hereditary factors). The series of layers around the individual show determinants that 

can vary; they are influenced by individual behaviour, society, our living and working 

conditions and the environment. Each layer has a subsequent impact on the next, 

demonstrating the inter-relationships between the individual, their surrounding 

environment and health. 

 

Figure 1.6 The social determinants of health by Dahlgren and Whitehead (1991); figure 
reproduced with permission from Dugdill, Crone, and Murphy (2009, p. 7) 

An ecological model of sedentary behaviours has been proposed by Owen et al. (2011) to 

examine the individual, the environmental setting, and their subsequent influences on 

sedentary behaviour. This model is based on a similar ecological model for physical activity 

by Sallis et al. (2006, p. 299), who stated that ά9ŎƻƭƻƎƛŎŀƭ ƳƻŘŜƭǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿŜƭƭ ǎǳƛǘŜŘ 

ŦƻǊ ǎǘǳŘȅƛƴƎ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅΣ ōŜŎŀǳǎŜ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ ƛǎ ŘƻƴŜ ƛƴ ǎǇŜŎƛŦƛŎ ǇƭŀŎŜǎέΦ Likewise, 

sedentary behaviour occurs in particular settings; the ecological model by Owen et al. 

(2011) categorised four sedentary behaviour domains (leisure time, household, transport 

and occupation) (Figure 1.7). 
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Figure 1.7 Ecological model of four domains of sedentary behaviour (adpated from Owen et al., 2011, p.191). Reproduced with permission. OHS, 
occupational health and safety; PE, physical education; Ped, pedestrian; SB, sedentary behaviour  

Occupational 

domain 
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The centre of the ecological model for sedentary behaviour represents individual lifestyle 

factors, with subsequent layers reflecting the interaction of sedentary behaviour with the 

perceived environment, behaviour settings, and the policy environment: the four 

sedentary behaviour domains of leisure time, household, transport and occupation, are 

illustrated in yellow. 

Many studies of sedentary behaviour have been focussed on sedentary time accumulated 

within the leisure-time domain, or total sedentary time across all domains; however, there 

has been limited research that has looked at correlates of sedentary behaviour in the 

occupational domain (Figure 1.7), and the impact of the workplace environment on 

sedentary behaviour. The workplace and policy environments in the ecological model are 

influenced by societal norms and policies within workplaces. For example, the workplace 

environment can limit options of behaviour change for sedentary behaviour: people may 

be required to sit for prolonged periods to use a computer and ƛǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ΨƴƻǊƳΩ 

to sit in meetings. Within the policy environment there may be limited opportunities to 

have a break due to productivity expectations, which will impact on occupational sedentary 

time. 

Alternative models include the Systems of Sedentary behaviours framework, which is a 

systems-based approach: it consists of six clusters of determinants that influence 

sedentary behaviour without assuming a hierarchy of determinants (Chastin et al., 2016). 

The Behavioural Epidemiology Framework for sedentary behaviour is used to understand 

the different types of research needed to understand how sedentary behaviour influences 

health-related outcomes (Biddle, 2015; Welk, 2002). Nonetheless, the technological 

revolution has increased the number of sedentary occupations that involve desk-based 
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work, which are best represented by the layers of the socio-ecological model as 

fundamental determinants of sedentary behaviour. Furthermore, the quantification of 

free-living sedentary behaviour is important to help to understand the association between 

sedentary behaviour and health-related outcomes (Granat, 2012). 

1.3 Summary of key findings 

¶ Sedentary behaviour is a distinct entity on the movement continuum, and it is frequently 

defined in the literature as any waking behaviour characterised by an energy expenditure of 

Җ1.5 metabolic equivalents, while in a sitting, reclining, (or lying) posture. 

¶ There is currently no method that can quantify free-living sedentary behaviour that includes 

both posture and energy expenditure as defined above. 

¶ For waist-worn accelerometers there is no empirically derived counts per minute cut-point for 

adults. 

¶ A combination of a subjective measure and an objective measure is recommended for 

sedentary behaviour research studies, to collect both contextual and accurate data. 

¶ People can meet recommended levels of moderate to vigorous physical activity and can also 

be highly sedentary. 

¶ In industrialised countries, technological developments have meant there is less need for 

people to be active in the workplace. The introduction of desk dependent, computer-based 

jobs has resulted in an increase in the number of sedentary occupations. 

¶ For those who are economically active, the highest proportion of daily sitting time is 

accumulated at work, and for desk-based occupations, the majority of work time is known to 

be spent in sedentary behaviours. 

¶ There is now substantive evidence of the associations between sedentary behaviour and 

health-related outcomes; the role of occupational sedentary time with health-related 

outcomes is less clear. 

¶ The extent to which physical activity attenuates or eliminates associations between sedentary 

behaviour and health-related outcomes requires further investigation. 

¶ It is important to understand the accumulation and patterning of sedentary time across the 

day and the impact this has on health-related outcomes. 

¶ Sedentary behaviour results in physiological responses that are distinct from those that are a 

result of physical activity.  
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1.4 Aims and objectives 

This thesis comprises two main sections: the first aim was to empirically derive a new 

ActiGraph accelerometer cut-point to define sedentary behaviour in adults; the second aim 

was to apply the cut-point from the first study to a large population survey (Health Survey 

for England 2008), which collected accelerometer data using an ActiGraph device on a sub-

sample of participants, in order to investigate the associations between sedentary 

behaviour, work, and health-related outcomes. 

1.4.1 Study One objectives 

1. To empirically derive an optimal threshold for classifying sedentary behaviour, using 

the counts per minute output from the ActiGraph GT3X+ accelerometer, when 

compared to the sedenǘŀǊȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾt![ϰ ŀŎŎŜƭŜǊƻƳŜǘŜǊ ƛƴ ŀ ŦǊŜŜ-

living environment. 

2. To ascertain whether thresholds for sedentary behaviour cut-points vary by day of the 

week and in working time versus non-working time. 

3. To derive optimal cut-points for different classifications of sedentary behaviour using 

contextual data from a 24-hour activity log, and to examine if there are differences 

between them. 

1.4.2 Study Two objectives 

4. To identify associations between workplace sedentary behaviour and health-related 

outcomes using the derived cut-point from Study One. 

5. To examine if associations between workplace sedentary behaviour and health-related 

outcomes differ between occupational groups. 
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6. To determine if there are associations between workplace sedentary behaviour and 

mental ill-health and musculoskeletal disorders. 

7. To explore the patterning and sequences of sedentary bouts across the day, and the 

relationship with measures of adiposity and other health-related outcomes. 

1.5 Structure of the thesis 

This thesis is divided into seven chapters: Chapter One outlined the rationale and the aims 

of the included research studies, with respect to the changing role of sedentary behaviour 

in the workplace, and its associations with health-related outcomes. 

Chapter Two describes a literature review conducted to explore and critique the current 

evidence of sedentary behaviour and work, focussing on the prevalence of sedentary 

behaviour at work, and its association with health-related outcomes. This chapter also 

provides an overview of the various methods that can be used to measure sedentary 

behaviour. 

Chapter Three addresses the first aim of this thesis: to empirically derive a new ActiGraph 

accelerometer cut-point to define sedentary behaviour in adults in a free-living 

environment, in a sample of 30 office-based university workers and postgraduate students. 

Using generalised estimating equations, accelerometer cut-points for sedentary behaviour 

were derived for each day of the week, working time and non-working time, and for 

classifications of sedentary behaviour within different domains. Results from thesis 

objectives one and two (Section 1.4.1) have already been published (Clarke-Cornwell, 

Farragher, Cook, & Granat, 2016); however, Chapter Three provides further specifics on 

data cleaning, data processing, data reduction rules, and the statistical analysis, alongside 

detailed results for objectives one, two and three. 
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Chapter Four introduces the Health Survey for England 2008 and its suitability to examine 

sedentary behaviour, work, and health-related outcomes. This chapter describes the 

methodology for how the data from the Health Survey for England 2008 were collected, 

the data cleaning processes, and a critique of the strengths and limitations of using 

secondary analysis. It also details the variables that were used in the regression models to 

answer objectives four, five and six (Section 1.4.1). Furthermore, Chapter Four describes 

the statistical methodologies that were used to address objectives four to seven. 

Chapter Five provides the main findings from the regression analyses that were used to 

answer objectives four, five and six (Section 1.4.1). More specifically, it examines the 

associations between workplace sedentary behaviour and health-related outcomes using 

the derived cut-point from Study One to classify sedentary time. 

Chapter Six details the findings from the analyses used to answer objective seven (Section 

1.4.1). This chapter describes a sequence analysis that was carried out to explore the 

patterning of sedentary time, using data from the Health Survey for England 2008, and the 

relationship with measures of adiposity and other health-related outcomes. 

Chapter Seven discusses the findings from the studies within this thesis. It critically 

appraises the strengths and weaknesses of the methodologies used and outlines 

implications for policy and future research. 

Throughout this thesis, Table 1.2 is used to illustrate the research aims and objectives, and 

methods, which are addressed within each chapter.  
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Table 1.2 Overview of studies: aims, objectives, and methods 

Chapter Aims, objectives and research questions Methods 

Chapter 2 Aim: To provide an overview of the literature and to critique 
the current evidence of sedentary behaviour and work, 
focussing on the prevalence of sedentary behaviour at work, 
and its association with health-related outcomes 

Structured literature 
review using six 
electronic databases 

Chapter 3 Aim: To empirically derive a new accelerometer cut-point to 
define sedentary behaviour in adults 
Objective 1: To empirically derive an optimal threshold for 
classifying sedentary behaviour, using the counts per minute 
output from the ActiGraph GT3X+ accelerometer, when 
ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǎŜŘŜƴǘŀǊȅ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ŀŎǘƛǾt![ϰ 
accelerometer in a free-living environment 
Objective 2: To ascertain whether thresholds for sedentary 
behaviour cut-points vary by day of the week and in working 
time versus non-working time 
Objective 3: To derive optimal cut-points for different 
classifications of sedentary behaviour using contextual data 
from a 24-hour activity log, and to examine if there are 
differences between them 

Observational study 
in university workers 
and postgraduate 
students (n=30) 
Application of 
generalised 
estimating equations 
to 1-minute epoch 
data for the 
ActiGraph GT3X+ and 
ǘƘŜ ŀŎǘƛǾt![ϰ Řŀǘŀ 

Chapter 4 Aim: To describe the methodology for the Health Survey for 
England 2008, and a critique of the strengths and limitations 
of using secondary analysis 

Description of data 
collection and 
processing 

Chapter 5 Aim: To apply the cut-point from Study One to data from the 
Health Survey for England (2008), in order to investigate the 
associations between sedentary behaviour, work, and health-
related outcomes 
Objective 4: To identify associations between workplace 
sedentary behaviour and health-related outcomes using the 
derived cut-point from Study One 
Objective 5: To examine if associations between workplace 
sedentary behaviour and health-related outcomes differ 
between occupational groups 
Objective 6: To determine if there are associations between 
workplace sedentary behaviour and mental ill-health and 
musculoskeletal disorders 

A secondary data 
analysis of the Health 
Survey for England 
2008 
Application of 
hierarchical 
regression models ς 
type of regression 
model dependent on 
distribution of each 
dependent variable 
(health-related 
outcome) 

Chapter 6 Aim: To apply the cut-point from Study One to data from the 
Health Survey for England (2008), in order to investigate the 
associations between sedentary behaviour, work, and health-
related outcomes 
Objective 7: To explore the patterning and sequences of 
sedentary bouts across the day, and the relationship with 
measures of adiposity and other health-related outcomes 

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

Chapter 7 Aim: To discuss and critically appraise the studies within this 
thesis and to outline implications for policy and future 
research 

Discussion and 
conclusions 
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