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Abstract:

The increasing evidence of associations between sedentary behaviour and low levels of physical
activity in adults and both immediate and long term health implications is of public health concern.
There is a need to further our understanding of adult's health behaviours, to facilitate the
development of behaviour change strategies promoting healthy behaviours. This thesis provides four
independent but interlinked studies focusing on adult’s sedentary behaviour and physical activity in

the context of measurement and behaviour change.

Chapter 1 provides an introduction to the thesis where the scene is set for the placement of the
studies in this thesis in the field of sedentary behaviour, physical activity, and measurement
methods. Chapter 2 describes a systematic review of the relationship between sedentary behaviour
and physical activity in adults. This systematic review is of primary importance as it was instrumental
in shaping and informing the direction of the research described in later chapters. Chapter 3
describes a laboratory study investigating the measurement of energy expenditure during common
sitting and standing tasks and also examines the 1.5 MET definition of sedentary behaviour. This
study provides evidence that the 1.5 MET threshold for sedentary behaviours seems reasonable
however some sitting-based activities may be classified as non-sedentary in people of differing
weight status. This study raised some important questions on the validity of objective measurement
devices for differentiating between sitting and standing postures. Thus, Chapter 4 of this thesis
describes a laboratory study investigating the validity of the ActiGraph inclinometer algorithms for
differentiating between sitting and standing postures. Chapter 5 is an intervention investigating
sedentary behavior and physical activity compensation outside working hours in a sample of office

workers exposed to sit-to-stand desks in the workplace.

This thesis found that light physical activity, especially standing, could be one of the most efficient
and feasible behaviours to replace sedentary behaviour. Such findings add considerably to the
existing literature. Targeting such facets of adults behaviour and specially office workers holds great

potential for behaviour change strategies.
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Chapter1

INTRODUCTION




Chapter 1 Introduction

1.1. Sedentary behaviour

Technological advances, societal influences and environmental attributes have significantly
influenced the way we socialize, travel, work and shop resulting in substantial proportions
of the day spent in sedentary pursuits, or sitting (Church et al, 2011; Clemes et al, 2014).
Sedentary behaviour is defined as “any waking behaviour characterized by an energy
expenditure of <1.5 METs while in a sitting or reclining posture” (Sedentary Behaviour
Research Network, 2012, p. 540).This definition includes activities such as sitting, lying
down, watching television, reading, screen-based entertainment and driving a vehicle (Pate
et al, 2008). Many researchers use the term ‘sedentary’ to represent people who are
physically inactive but being physically inactive is different to having high levels of sedentary
behaviour, or sitting for long periods during the day. Being inactive is defined as not meeting
the recommended levels of physical activity (Sedentary Behaviour Research Network, 2012,
p.540), and people can be sufficiently active and sedentary, or inactive and sedentary as
represented in Figure 1.1.There is evidence which has shown that being sedentary and being
inactive are different constructs and have a differential effect on health factors such as
cardiovascular disease (CVD), some types of cancer, diabetes and all-cause mortality
(Wilmot et al, 2012; Tremblay et al, 2010; Hamilton et al, 2008; Lynch, 2010) This work
suggests that we must study sedentary behaviour as a unique behaviour that is distinct from

physical activity.
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Sedentary & Inactive Sedentary & Active

Sedentary Behaviour

Inactive, Active,
Not Sedentary Not Sedentary

Physical Activity g

Figure 1.1 Sedentary behaviour and physical activity as distinct constructs. This figure
categorises individuals into one of 4 groups: 1) those who are not sedentary (i.e. do not
spend long periods of time sitting) but also not sufficiently active to meet physical activity
guideline (inactive, non sedentary); 2) those who do sufficient physical activity to meet
guidelines and also spend limited amounts of time sitting (active, not sedentary); 3) those
who spend long periods of time sitting and also do insufficient amounts of physical activity
to meet guidelines (sedentary and inactive); and 4) those who spend long periods of time

sitting, but do sufficient levels of activity to meet guidelines (sedentary and active).

(Saunders et al, 2014)

The prevalence of sedentary time has been reported in a number of international studies
and the findings of these confirm that in most of the evaluated countries a large amount of
adult’s daily life is engaged in sedentary time (Bauman et al, 2011; Bennie et al, 2013;
Milton et al, 2015). For example Milton et al. (2015) examined the prevalence of sedentary
time in 27 European countries and the results showed that the average daily time reported
sitting was 316 minutes per day in 2002, 312 minutes per day in 2005, and 292 minutes per
day in 2013 (Milton et al, 2015). Another study by Bennie et al. (2013) across 32 European
countries showed that average weekday time spent sitting in evaluated countries was 309
minutes per day (Bennie et al, 2013). Also a study by Bauman et al. (2011) across 20
countries showed that average sitting time was 300 minutes per day (Bauman et al, 2011).
These studies measured sedentary time from predominantly developed countries, the

findings therefore cannot be generalised to lower-income nations. Furthermore, whilst
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these papers report data from multiple countries, limited data have been presented in the
papers to describe between country differences and data are reported without taking into
consideration different ethnicities, cultural groups, and social, economic and demographic
groups. In all studies, data were collected via self-report questionnaires which can be prone
to recall errors and/or bias. The IPAQ questionnaire was predominately used in all studies,
which has been shown to underestimate sedentary behaviour and has poor validity (Atkin et

al, 2012).

Over the past five decades there has been a significant reduction in the percent of people
who are employed in physically active occupations but there has been a growth in the
percent of employees in more sedentary jobs (Church et al, 2011) (Figure 1.2). These
‘sedentary’ occupations typically involve sitting for long periods of time at an office desk or
driving a vehicle, and evidence suggests that adults in these occupations spend the majority
of their working day sitting. For example, a recent study in office workers showed that
adults had higher levels of sedentary behaviour (68% vs 60%) and lower levels of light-
physical activity (28% vs 36%) on working days compared to non-working days, and that
these adults spent 71% of their working days sedentary (Clemes et al, 2014a). In comparison
to the international epidemiological studies mentioned above, research specifically
targeting office workers has indicated that office workers are sedentary for approximately
10 hours/day (Clemes et al., 20144, b, 2015). This shift towards sedentary occupations may

have serious implications for health and well-being.
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Figurel.2 Trends in the prevalence of sedentary, light and moderate intensity occupations

from 1960 to 2008 (Church et al, 2011).

1.2. Sedentary behaviour and health

The case for promoting reductions in sedentary behaviour in adults is underpinned by the
growing body of evidence suggesting that sedentary behaviour is associated with immediate
and long term negative health effects. A growing body of epidemiological evidence has
linked sedentary behavior to health risks including an increased risk of type 2 diabetes
(Proper et al,2011; van Uffelen et al,2010; Yancey et al, 2004), the metabolic syndrome
(Edwardson et al, 2012; Florez et al; Ford et al, 2005), cancer (Dallal et al, 2012; Lynch et al,
2010; Matthews et al, 2002), obesity (Thorp et al, 2005; Chau et al, 2012), cardiometabolic
dysfunction (Chau et al, 2013; Craig et al, 2003; Tomaz et al, 2014), and all-cause and CVD
mortality (Dunstan et al, 2010; Proper et al,2011; van Uffelen et al,2010).

The associations between sedentary behaviour and health highlighted above have been
shown to be at least partially independent of moderate-to-vigorous physical activity
(MVPA). For example, a meta-analysis performed on 18 studies by Wilmot et al. (2012)
revealed that compared to those with the lowest time spent sedentary, those with the
highest sedentary times had a 112% increased risk of diabetes, a 147% increased risk of a

cardiovascular event, a 90% increased risk of cardiovascular mortality and a 49% increased
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risk of all-cause mortality. Physical activity was included as a controlling variable in the
majority of studies included in this review, and the authors therefore concluded that the
deleterious effects of sedentary behaviour on health appear to be independent of physical
activity. In a recent meta-analyses on 47 studies performed by Biswas et al. (2015) it was
observed that, compared to those with the lowest amount of sedentary time, those with the
highest amount of time spent sedentary had a 24% increased risk of all-cause mortality, a
18% increased risk of cardiovascular disease mortality, a 14% increased risk of
cardiovascular disease incidence, a 17% increased risk of cancer mortality, a 13% increased
risk of cancer incidence and a 81% increased risk of type 2 diabetes incidence. Like the
Wilmot et al. (2012) review, this updated meta-analysis also concluded that the detrimental

effects of sedentary behaviour on health appear to be independent of physical activity.

Furthermore, recent reviews have noted that there is an inverse association between some
sedentary behaviors (mostly TV viewing or screen time) and leisure-time physical activity in
adults (Mansoubi et al, 2014; Rhodes et al, 2012), providing evidence for time displacement.
Conversely the amount of light-intensity physical activity accumulated, for example during
non-exercise related standing activities, has been linked to improved metabolic health
(Alkhajah et al, 2012). Importantly these observations are often independent of MVPA and
BMI (Thompson et al, 2011). Moreover, breaking long periods of sitting could be a
promising avenue for interventions given evidence that increasing the number of breaks in
sitting time per day (e.g. going from sitting to standing) is associated with health benefits
such as preventing diabetes and other chronic diseases (Gilson et al, 2012; Swartz et al,

2011).

Whilst the evidence linking sedentary behaviour to adverse health outcomes is increasing
(Wilmot et al., 2012; Biswas et al., 2015), our knowledge of the precise mechanisms which
relate sedentary behaviour to poor health are currently poorly understood. Research has
begun to explore potential mechanisms, with early research in this area focusing on the

activity of the enzyme lipoprotein lipase (LPL). It has been suggested by Hamilton et al.
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(2007) that the absence of activity happening within the large skeletal muscles in the legs,
back, and trunk during sitting affects cellular processes within these muscles responsible for
metabolic risk factors for disease (this concept has been termed ‘inactivity physiology’)
(Hamilton et al. 2007). Evidence to support this suggestion has been provided from studies
examining the specific role of local contractile activity in postural skeletal muscles on LPL
activity in rats. LPL is a protein important in the control of plasma triglyceride catabolism,
high-density lipoprotein (HDL) cholesterol, and other metabolic risk factors (Hamilton et al.
2007). In response to inactivity (immobilisation of the hind limbs of rats), a profound
reduction in LPL activity (210-fold) was observed, accompanied by significant decreases in
the clearance of plasma triglycerides by skeletal muscle and reductions in plasma HDL
cholesterol concentration. This initial research has led to the hypothesis that signals
harming the human body during prolonged sitting are not always the same signals which
boost health during bouts of structured exercise (Hamilton et al. 2007). However, further
research is required to ascertain whether similar changes in LPL activity are observed in

studies with humans.

Lynch et al., (2010) have evaluated potential mechanisms that link sedentary behaviour to
cancer risk and reported that prolonged time spent sedentary can increase the levels of
adipose tissue which in turn can have an effect on the levels of circulating sex hormones,
lead to insulin resistance, and chronic inflammation. It was suggested that these biological
changes can increase the risk of some cancers such as colon, breast, endometrial, kidney,

and esophageal cancers (Lynch et al, 2010).

Based on the links between sedentary behaviour and health, it has been suggested that the
physical activity paradigm should incorporate sedentary behaviour (Katzmarzyk, 2010), and
physical activity initiatives and recommendations should adapt accordingly (Hamilton et al,
2008; Yates et al, 2011). To further support this effort, a new conceptual framework has
emerged, redefining physical activity and demonstrating the complex, multi-dimensional
aspects of physical activity and sedentary behaviour as mechanisms of human movement

(Petee Gabriel et al, 2010; 2012) (Figure 1.3). The research conducted within this thesis
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addresses a number of topics highlighted in the conceptual framework displayed in Figure
1.3. In the current thesis the relationship between physical activity and sedentary
behaviour has been evaluated through a systematic review in Chapter 2. Energy expenditure
and metabolic rate have been measured during 13 different lifestyle activities involving
seated and standing postures in Chapter 3. The validity of a sedentary behaviour and
physical activity measurement device (the ActiGraph) has been checked in Chapter 4 and
Chapter 5 presents a study examining an intervention designed to reduce sedentary
behaviour in the workplace environment. Physical fitness is not evaluated in the current

thesis.
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Figure 1.3: A novel conceptual framework for physical activity and sedentary behaviour as

'a complex, multidimensional behaviour' (Figure from Pettee-Gabriel and Morrow 2010)

1.3. Physical Activity and Health in Adults

According to the national physical activity guidelines and World Health Organisation, adults
(19-64 years) should accumulate at least 150 minutes (2 hours and 30 minutes) of
moderate-intensity aerobic activity such as cycling or fast walking every week, and muscle-
strengthening activities on 2 or more days a week that work all major muscle groups (legs,

hips, back, abdomen, chest, shoulders and arms). Or 75 minutes (1 hour and 15 minutes) of
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vigorous-intensity aerobic activity such as running or a game of singles tennis every week,
and muscle-strengthening activities on 2 or more days a week that work all major muscle
groups. Or instead an equivalent mix of moderate- and vigorous-intensity aerobic activity
every week (for example; 30-minute runs plus 30 minutes of fast walking), and muscle-
strengthening activities on 2 or more days a week that work all major muscle groups ( Chief
Medical Officers of England, Scotland, Wales & Northern Ireland, 2011). At present these
guidelines are generic and apply to all adults, regardless of ethnicity, culture, sex, and socio-

demographic background.

Over the past few decades, urbanisation and mechanisation has led to changes in daily
lifestyles and behaviour to the extent that physical activity has been engineered and
socialised out of the norm, and it is almost easier to choose to be inactive. Indeed, many
people are not accruing the recommended amount of physical activity to benefit health.
According to a recently released statistic by the British Heart Foundation (BHF), in 2013, 37%
of men and only 23% of women were physically active on five or more days in a week
(Townsend et al, 2015). Also a statement from the World Health Organisation (WHO)
showed that only around a third of adults aged 15 years or older were physically active in
2008 (male 28% and female 34%) and that physical inactivity is a significant contributor to
the 3.2 million deaths each year globally (WHO, 2015).

A recent meta-analysis including data from 71 cohort studies showed that meeting current
WHO physical activity guidelines had the potential to decrease cancer mortality in general
populations and cancer survivors (Li et al, 2015). Also another meta-analysis showed that
physical activity is associated with reduced risk of meningioma (Niedermaier et al, 2015).
Evidence has shown that MVPA is associated with reducing a number of metabolic and
cardiometabolic risk factors. For example, Hamer et al, (2014) showed that time in MVPA
was associated with reduced levels of cholesterol, triglycerides, HbAlc, and BMI. Another
study by Henson et al, (2013) showed that total levels of physical activity and MVPA have an

inverse association with adiposity. Also a study by Herrmann et al, (2013) demonstrated

20



that total physical activity and MVPA were inversely associated with baseline waist

circumference, systolic blood pressure, serum levels of fasting insulin and also triglycerides.

A review by Warburton et al. (2006) has summarised the possible mechanisms underlying
the health benefits of physical activity. Biological mechanisms which lead to the prevention
of chronic diseases through regular physical activity include improved levels of physical
fitness and reduced risk of obesity due to increased levels of energy expenditure. Physical
activity has been shown to have positive effects on metabolic heath factors such as reducing
triglyceride levels, increasing high density lipoprotein [HDL] cholesterol levels and
decreasing the low-density lipoprotein [LDL]-to-HDL ratios (Warburton et al., 2006). It has
also been observed that regular physical activity improves glucose homeostasis and insulin
sensitivity through increased glucose uptake by working muscles. Physical activity also aids
the control of blood pressure levels, improves autonomic tone, reduces systemic
inflammation, decreases blood coagulation, improves coronary blood flow, and augments
cardiac function and enhances endothelial function (Warburton et al., 2006). It has been
shown that chronic inflammation can increase the circulating levels of inflammatory
mediators such as C-reactive protein, which is directly related to heart disease morbidity

and mortality (Warburton et al., 2006).

Previously researchers believed that only MVPA could have health benefits, but more recent
evidence has shown that time spent in light physical activity could be beneficial for health
(Healy et al. 2007; 2008; Dunstan et al 2012; Carson et al. 2013). For example, objectively
measured light intensity physical activity has been shown to be positively associated with
blood glucose levels in adults (Healy et al, 2007). Another study by Carson et al. (2013)
showed that light intensity activity was associated with lower diastolic blood pressure and
higher HDL-cholesterol in adults. A recent study by Khoja et al. (2015) showed that very
light, light and moderate PA were inversely associated with most cardiovascular risk factors.
Also this study showed that associations between PA and cardiovascular risk markers were

equal or stronger at very light and light intensities of activity rather than at moderate
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intensity physical activity (Khoja et al, 2015). Research has also shown that breaking up
sitting time with 2 minutes of light- or moderate-intensity walking reduces glucose and

insulin levels in overweight/obese adult participants (Dunstan et al, 2012).

Evidence has shown that sedentary behaviour is inversely associated with time spent in light
physical activity, such as standing and light ambulation (Healy et al, 2008, Mansoubi et al,
2014). Hence, sedentary time seems not to displace MVPA but, it could displace levels of
light-intensity physical activity. A recent study which evaluated hourly patterns of sedentary
behaviour and light intensity physical activity demonstrated that the two behaviours
displayed an inverse pattern during waking hours (Clemes et al, 2014a). Also short bouts of
physical activity can be used to break up sedentary time. Furthermore, compared to sitting
for five hours, light and moderate intensity walking breaks every 20 min reduces resting

blood pressure, though no differences are detected in heart rate (HR) (Larsen et al, 2014).

1.4. Measurement of Sedentary Behaviour and Physical Activity

Due to the increasing evidence highlighting sedentary behaviour as an independent harmful
factor for a number of adverse health outcomes (Edwardson et al, 2012; Wilmot et al, 2012;
Katzmarzyk et at, 2009), there have been calls for the explicit measurement of sedentary
behaviour, in addition to the measurement of physical activity, in surveillance studies (Owen
et al, 2000; Rosenberg et al, 2008). Many studies have utilised subjective measurement
tools, such as questionnaires, for assessing sedentary time and these have focused on total
sitting time (Wilmot et al, 2012; Katzmarzyk et at, 2009) or leisure time sedentary
behaviours (Kohl et al, 2012), with less attention given to other aspects of sitting time and
sedentary behaviours such as sitting at work or sitting in vehicles during daily transport.
Self-report methods, such as diaries, although used less frequently in epidemiological
studies to date, have also been used (Atkin et al, 2012). The International Physical Activity

Questionnaire (IPAQ) is frequently used to assess total sitting time in epidemiological
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research (Bauman et al, 2011). However, studies have shown that total daily sitting time is
underestimated when using such single-item measures (Atkin et al, 2012), and this tool does
not allow for the differentiation between different types of sedentary behaviours and sitting
time to achieve an in-depth picture of sitting time (Miller et al, 2004; Marshal et al 2010;
Salmon et al, 2003). Recently, researchers have used domain-specific sitting time
guestionnaires (for example, Marshall et al, 2010) to provide a more detailed understanding
of daily sitting times. These questionnaires have the advantage of providing some
contextual information on where sedentary behaviours are taking place. Total daily sitting
times calculated from these questionnaires have also been reported to provide a more valid
estimate of daily sedentary times when compared to objectives measures (Marshal et al,
2010, Clemes et al., 2012). Self-report methods such as diaries, self-administered
guestionnaires, in-person and telephone interviews also are being used less frequently in

epidemiological research (Atkin et al, 2012; Marshall et al, 2011; Clark et al, 2009).

Measuring physical activity and sedentary behaviour has recently become more accessible
with the use of accelerometers and inclinometers, small devices that can record activities
and body position over extended periods of time in non-laboratory environments (e.g. at
home or work) (Healy et al, 2008; Hagstromer, 2007). Accelerometers have increasingly
been used to provide objective measurements of physical activity, especially in adults,
because these devices are easy to use, provide numerical data and are reasonably priced
(Healy et al, 2008; Mathew et al, 2008). Accelerometers are also increasingly being used as
an objective measure of sedentary behaviour (Rowlands et al, 2007; Pate et al, 2010; Oliver

et al, 2007).

One of the most popular accelerometers for the measurement of physical activity is the
ActiGraph, which is worn on the hip and integrates a tri-axial sensor to measure acceleration
in three axes from 0.05-2.5 g at sampling rates up to 100 Hz, using cut points with
traditionally a cut-point of <100 counts per minute (cpm) applied to estimate sedentary

time. Although much progress has been made in the assessment of physical activity with
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accelerometers, there are several limitations when using accelerometers to assess
sedentary time. Accelerometers traditionally do not measure posture and sedentary time is
purely estimated through a lack of movement counts. As a result, time spent standing still
could be misclassified as sedentary (Atkin et al., 2012). Recently newer models of the
ActiGraph contain an inclinometer algorithm which classifies the wearers posture into
sitting, lying, standing or device off. However, further research is needed to examine the

validity of this additional feature (Carr et al, 2012).

Another popular device for the academic measurement of physical activity and especially
sedentary behaviour is the activPAL, which is a small inclinometer worn on the front of the
thigh. The activPAL has been validated for use with adults as a measure of physical activity
and body posture (Ryan et al,2006; Busse et al, 2009; Dahlgren et al, 2010; Godfrey et al,
2007; Oliver et al, 2011; Harrington, 2011; Grant et al, 2006). With this inclinometer device
researchers are able to objectively measure time spent sitting, lying, standing and walking,
sit-to-stand transitions and step counts (Ryan et al, 2006; Grant et al, 2006). The activPAL is

able to detect time in different postures because of its placement on the thigh.

As described above, sedentary behaviour (and physical activity) have traditionally been
assessed using self-report measures. Whilst these measures are inexpensive and feasible for
use across large samples, these measures can be limited due to reduced levels of validity.
Figure 1.4 presents a range of measurement tools on a continuum according to their levels
of ease of use and validity. Generally, the measures (such as self-report) which are the
simplest to use have the lowest levels of validity. The most accurate measures of physical
activity energy expenditure are found towards the top end of the continuum. Indirect
calorimetry is a method that provides a precise assessment of energy expenditure via the
assessment of carbon dioxide production and oxygen consumption during rest and steady-
state exercise. Indirect calorimetry can be assessed through open- and closed-circuit
methods and technology within this area has advanced from the early Douglas bag method

to fully-portable, electronic tools such as the Cortex calorimeter which provides continual
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and instantaneous breath-by-breath values of pulmonary gas exchange (Levin, 2005).
Whilst the most accurate tools to assess energy expenditure, like calorimetry and doubly-
labelled water provide a valid measure of energy expenditure, they do not directly measure
physical activity or sedentary behaviour, only the energy cost of specific activities.
Traditionally, the more practical devices for the assessment of free-living physical activity
(and more recently sedentary behaviour) such as accelerometers and self-report tools, have
been validated against these criterion measures. In the current thesis, indirect calorimetry is
used to assess the energy cost of a range of sitting and standing postures in Chapter 3.
Direct observation, another highly accurate measure of physical activity and sedentary
behaviour (Figure 1. 4), is used in Chapter 4 in this thesis as a tool to validate the ActiGraph
inclinometer algorithm for measuring posture. Chapter 5 uses the more practical tools, an
accelerometer and inclinometer, to assess physical activity and sedentary behaviour in free-

living participants completing an intervention designed to reduce sedentary time in the

workplace.

h\'\
Precision T

Ease of Assessment

Figurel.4. Different methods of physical activity assessment. This figure shows the range of

different methods of physical activity and energy expenditure assessment. According to this



Figure, easier and cheaper measurement methods are less precise than more expensive
tools, which are also more complex to use. Methods such as room calorimetry, doubly
labelled water, indirect calorimetry and direct observation are often used as criterion
measures when validating estimates of energy expenditure derived from more practical

physical activity and sedentary behaviour monitoring tools.

1.5. Interventions to reduce sedentary behaviour

Most adults usually spend time sitting in three different domains including: a) sitting in the
workplace, b) in their leisure time such as sitting at home or watching television and c)
during transportation. Many adults in the UK are employed within sedentary occupations
such as office work. For example a UK based study, with 72 participants showed that
approximately 65% of participants working hours were spent sedentary (Clemes et al,
2014a). The majority of office workers’ time is spent in sitting activities (Gilson et al, 2012).
A study by Clemes et al (2015) with 4436 participants showed that participants’ total daily
sitting times were greater on workdays than non-workdays. Also this study showed that
office workers typically sit for >10 hours/day, with over half of their total daily sitting time
occurring in the workplace (Clemes et al, 2015). According to a recent consensus statement
by experts, office workers should aim to stand or move around for at least 2 hours per day
and it preferably should increase to 4 hours per day (Buckley et al, 2015). Therefore, the
workplace represents a promising environment in which to undertake interventions to
reduce sitting time. A study by De Cocker et al, (2015) has evaluated different intervention
strategies, methods and barriers for reducing sitting in the workplace. This study suggested
a range of intervention methods for working hours such as; standing during phone calls,
standing in meetings, use of standing desks, etc. Also this study introduced several barriers
such as productivity concerns, inconvenience, and the routine habit of sitting (De Cocker et
al, 2015). Therefore it is important that interventions which target reductions in sitting and

increases in physical activity do not affect the office workers’ performance and productivity.
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Using standing desks to reduce or break up sedentary time could be beneficial for office
workers. For example a recent systematic review showed that using standing and/or
treadmill desks could be helpful for breaking up sedentary time and lead to improved health
(MacEwen et al, 2015). A health intervention study for office workers showed that a health
protection/health promotion intervention using an activity permissive workstation was
associated with improvements in health variables such as cardiometabolic biomarkers
(weight, total fat mass, resting heart rate, body fat percentage) and work productivity
outcomes (concentration at work and absent days from work because of health problems)
(Carr et all, 2015). A study using sit to stand workstations showed that the Intervention
successfully reduced objectively measured time spent sitting at work by 73 minutes per
working day and increased standing time at work by 65 minutes per working day (Chau et al,
2014). A recent systematic review by Neuhaus et al, (2015) evaluated the evidence on
activity-permissive workstations for reducing occupational sedentary time. This study
showed that activity permissive workstations could be an effective solution for reducing
occupational sedentary time, without effecting an office workers work performance
(Neuhaus et al, 2015). Hence according to the recent evidence, designing interventions such
as; using standing desks, treadmill desks or active office planning in the workplace seems to

be a feasible way of reducing sitting time and improving office workers health.

1.6 Overview and aims of thesis

This thesis aims to further our understanding of sedentary behaviour and physical activity in
adults in the context of measurement and behaviour change. This thesis contains four
studies, detailing original research. Chapter 2 presents a systematic review investigating the
relationship between sedentary behaviour and physical activity in adults. There is a meta-
analysis in children and adolescents which has shown a small but significant inverse
relationship between sedentary time and physical activity (Pearson et al, 2014), however,
the relationship between sedentary behaviour and different physical activity intensities has
received limited attention in adults. Understanding the presence of any association between
sedentary behaviour and physical activity would help identify how definite behaviours could

displace others and such evidence could help researchers to develop effective interventions
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to decrease sedentary behaviour in adults. In the context of this thesis, this systematic
review was instrumental in shaping and informing the direction of the research described in

later chapters.

Building on the findings and conclusions from Chapter 2, Chapter 3 of this thesis broadens
the investigation of sedentary behaviour by examining the utility of the current 1.5 MET
definition of sedentary behaviour. Chapter 4 broadens the investigation of the
measurement of sedentary behaviour by examining the validity of the ActiGraph

inclinometer algorithm for detecting sitting and standing postures.

The findings from the systematic review detailed in chapter 2, as well as aspects of the
results from chapters 3 and 4, led to the development of a pilot trial examining sedentary
behavior and physical activity compensation outside working hours in a sample of office
workers exposed to sit-to-stand desks in the workplace. The results of this intervention
study are detailed in Chapter 5. Each chapter contributes to the overall structure of the
thesis and builds on the chapter before it. However, each chapter could also be read in
isolation. The studies presented in this thesis have been widely disseminated through

conference presentations and published papers (see appendix 1.1 & 1.2).
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