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Abstract 

The primary aim of the work included in this thesis was to investigate the effects of breaking 

up sitting time on cardiometabolic risk markers and appetite. The three acute experimental 

chapters in this thesis sought to do this by examining postprandial concentrations of glucose, 

insulin, triglycerides, high-density lipoprotein, acylated ghrelin and total peptide YY. 

Additionally, subjective appetite, physical activity energy expenditure and energy intake were 

investigated. In study one, postprandial glycaemia was attenuated in young, healthy adult 

men when breaking up sitting every 20 min with 2 min moderate-intensity physical activity 

(PA) following a high glycaemic index breakfast, compared with an uninterrupted sitting 

condition. There was no attenuation in glucose observed if a low glycaemic index breakfast 

had been consumed, suggesting that in a metabolically healthy sample, breaking up sitting 

may only be beneficial when high glycaemic index meals are consumed. In study two, 

postprandial lipaemia was improved across an 8 h period when breaking up sitting every 

hour with a short, high-intensity PA bout compared with uninterrupted sitting. This 

strengthens the efficacy of short bouts of PA of a high-intensity as strategy to improve 

postprandial lipaemia. However, data from study one and three suggests that attenuating 

postprandial glucose or insulin may require more frequent breaks in sitting than hourly PA 

bouts. Studies two and three observed no changes in appetite regulating hormones. Despite 

this, there was a suppression in subjective appetite when participants engaged in hourly 

high-intensity PA bouts, suggesting that a minimum threshold of PA intensity is required to 

elicit these effects. However, despite moderate-intensity PA breaks in sitting not suppressing 

appetite, no compensatory responses were observed in appetite or energy intake, resulting 

in an acute relative energy deficit. These findings suggest that this type of activity regime 

could assist in weight management programmes. Study four sought to investigate the 

efficacy of a workplace cluster randomised controlled trial at reducing workplace sitting. The 

multicomponent intervention did not reduce workplace sitting time. However, time spent in 

prolonged sitting bouts (> 30 min) was reduced and stepping time increased. This was 
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concomitant with reductions in waist circumference and an increase in fat-free mass, 

demonstrating that a low-cost, short-duration, multicomponent intervention can be effective 

in changing sedentary behaviour patterns in the workplace. Overall, this thesis adds to the 

current evidence examining the effects of breaking up sitting on postprandial cardiometabolic 

risk markers and appetite, in addition to demonstrating the efficacy of a short-term low-cost 

multicomponent intervention at reducing prolonged sitting in the workplace by using 

strategies similar to those examined in studies one and three. Chapter eight summarises the 

significance of the findings from all four experimental studies whilst synonymously 

highlighting future directions for research in this area of the field. 
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Chapter 1: General introduction 

 

Sedentary behaviour, defined as “any waking behaviour characterized by an energy 

expenditure of <1.5 metabolic equivalents (METs), while in a sitting, reclining or lying 

posture” (Tremblay et al., 2017), has come to the forefront of health research, particularly in 

recent decades (Levine, 2014). Millions of years of evolution resulted in humans becoming 

bipedal (Cordain et al., 1998), yet rapid technological advancements have changed western 

societies such that sitting is now the dominant behaviour measured during waking hours (60-

65%; Clemes, O'Connell and Edwardson, 2014; Smith et al., 2015). These technological 

advancements have, however, enabled a more robust and in-depth tool to assess physical 

behaviours; the use of accelerometers and inclinometers, typically worn on the hip, wrist or 

thigh (Atkin et al., 2012). Consequentially, there is a growing epidemiological evidence-base 

pertaining to sedentary behaviour and health. 

 

Sitting time is inversely associated with a plethora of detrimental health outcomes including 

cardiovascular diseases (CVD), type 2 diabetes (T2DM), several cancers, and all-cause 

mortality (Heron et al., 2019; Ekelund et al., 2016b). In particular, sitting accrued in 

prolonged, uninterrupted bouts appears to exacerbate the relative risk of all-cause mortality 

further than total sitting time alone (Diaz et al., 2017). Prolonged sitting is associated with a 

clustering of elevated cardiometabolic health markers, namely waist circumference, Body 

mass index (BMI), triglycerides (TG), and postprandial glucose control (Healy et al., 2008). 

Concerningly, these associations were not attenuated when adjusting for physical activity 

levels, suggesting that sedentary behaviour (particularly accumulated in prolonged bouts) is 

an independent risk factor for cardiometabolic health. Indeed, isotemporal substitution 

analyses reported by Edwardson et al. (2017a) concluded that reallocating 30 min of 

prolonged sitting with standing or stepping significantly improves postprandial glucose 

control and insulin sensitivity. Numerous experimental trials have subsequently assessed the 
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conclusions from epidemiological research through the use of experimental trials where 

these behaviours can be manipulated under supervised, controlled conditions. An overview 

of experimental studies by Benatti and Ried-Larsen (2015) concluded that regular PA breaks 

from sitting were beneficial in attenuating postprandial cardiometabolic risk markers such as 

glucose insulin and TG. However, there remain numerous questions relating to how the 

frequency, duration and intensity of these PA breaks contribute towards these outcomes 

(Benatti and Ried-Larsen, 2015). Further research is required to elucidate how 

manipulations in the characteristics of PA breaks affects postprandial metabolism, and how 

participant characteristics such as sex, metabolic health status and BMI might further 

modulate these responses.  

 

Synonymous with the increase in sedentary behaviour, there has been a rise in the 

prevalence of the population being classified as overweight or obese in recent decades 

(World Health Organisation, 2015). In some countries, obesity levels have nearly doubled 

over the past 30 years (Finucane et al., 2011). Weight gain is the direct result of a positive 

energy balance (consuming more energy than expenditure), so it is plausible to suggest that 

rising levels of sedentary behaviour may be contributing to this trend. Indeed, the average 

daily energy expenditure in the US adult population has dropped by ~130 kcal in recent 

decades (Church et al., 2011). Furthermore, there is some evidence to suggest that the 

physiological regulation of appetite is not as sensitive to increases in sedentary behaviour as 

it is to increases in PA (Granados et al., 2012; Stubbs et al., 2004), indicating that higher 

levels of sedentary behaviour do not elicit an equivocal reduction in appetite sensation, thus 

increasing the risk of a positive energy balance and weight gain. In two experimental trials, 

participants engaged in high volumes of sedentary behaviour to see whether there were any 

compensatory changes in appetite (Stubbs et al., 2004; Granados et al., 2012). Over the 

course of a single day, Granados et al. (2012) observed that imposing high levels of 

sedentary behaviour on individuals and restricting energy intake to compensate for the 

reduction in energy expenditure resulted in compensatory increases in perceived appetite 
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and higher concentrations of acylated ghrelin; a gut peptide which is secreted to increase 

appetite and initiate feeding. Similarly Stubbs et al. (2004) observed that during 7 days in an 

isolated calorimetry room, participants did not reduce energy intake which resulted in a large 

positive energy balance, the majority of which was stored as fat. Thus, sedentary behaviour 

may be an important contributing factor to the rise in overweight and obesity prevalence in 

western societies.  

 

It is well established that a traditional exercise bout transiently suppresses appetite and the 

increased energy expenditure as a result of this is not compensated for in acute trials 

(Schubert et al., 2013). However, there is a lack of research investigating the effects of short 

bouts of PA on appetite regulation. Bailey et al. (2016) observed that moderate-intensity PA 

breaks had no effect on appetite and thus participants did not compensate by consuming 

more energy at an ad libitum buffet meal, resulting in a relative energy deficit. More research 

is warranted to build on this research by investigating the effects of different patterns of PA 

breaks on appetite and energy intake.  

 

The workplace has been identified as an important setting for reductions in sedentary 

behaviour to occur, due to the large proportion of the workforce employed in desk-based 

work, where sitting is the dominant activity (Bennie et al., 2015; Parry and Straker, 2013). 

There has been a surge in the number of workplace interventions with a wide range of 

intervention tools (e.g. education, prompt software/apps, office challenges, workplace 

environment and/or policy changes and height-adjustable desks) used to facilitate reductions 

in workplace sitting (Becker et al., 2017; Shrestha et al., 2016). However, many of these 

interventions have been small-scale or non-randomised (Chu et al., 2016). Additionally, the 

studies which incorporate a cluster randomised controlled trial design have typically provided 

individual height-adjustable workstations that enable participants to reduce their sitting whilst 

remaining at their desk working (Chu et al., 2016). More research needs to be conducted in 

which the effectiveness of reducing occupational sitting time without providing height-
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adjustable workstations is assessed using a fully powered cluster randomised controlled trial 

study design. Based on the gaps in knowledge highlighted within this section, the following 

research aims within this thesis were developed and are summarised below. 

 

1.1 Research aims 

The aim of this thesis was to investigate the effects of breaking up prolonged sitting on 

cardiometabolic risk markers and appetite. The acute effects of different PA frequencies and 

intensities are explored prior to an eight-week intervention which aimed to reduce prolonged 

sitting in the workplace.  

 

As a result of the proceeding comprehensive literature review in Chapter 2, the primary aims 

for each study were: 

 

Study 1: The effects of breaking up prolonged sitting following consumption of a high 

or low glycaemic index breakfast on postprandial cardiometabolic risk markers and 

subjective appetite. 

i) To examine the acute effects of breaking up prolonged sitting and breakfast 

glycaemic index on postprandial glucose and insulin concentrations in young 

adult men.  

ii) To explore the interaction between PA breaks and breakfast type on 

glycaemic and appetite responses.  

 

Study 2: The effects of breaking up prolonged sitting with hourly high-intensity 

physical activity breaks or an energy-matched continuous moderate-intensity 

physical activity bout on postprandial cardiometabolic risk markers and appetite 

regulation. 
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i) To compare the acute postprandial cardiometabolic and appetite regulating 

effects of breaking up sitting with hourly high-intensity PA breaks versus a 

single continuous moderate-intensity PA bout in sedentary adults. 

 

Study 3: The effects of frequent versus less frequent physical activity breaks on 

postprandial cardiometabolic risk markers and appetite regulation.  

i) To compare the acute postprandial cardiometabolic and appetite regulating 

effects of breaking up sitting with PA of varying frequencies and durations in 

sedentary adult women.  

 

Study 4: A cluster randomised controlled trial testing the efficacy of a multi-

component intervention to reduce prolonged sitting in office workers. 

i) To assess the efficacy of a multi-component intervention for reducing 

workplace prolonged sitting time. 

ii) To assess the effects of the intervention on other objective measurements of 

sitting and PA.  

iii) To measure the effect of the intervention on cardiometabolic risk markers. 
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Chapter 2: Literature review 

 

The aim of this chapter is to detail the current literature informing and underpinning the 

research conducted in the experimental chapters of this thesis. The following literature 

review will discuss the aetiology of cardiometabolic diseases, including a particular focus on 

postprandial concentrations of glucose, insulin and cholesterol as these metabolites are 

measured in the majority of the experimental chapters of this thesis. Following this, the acute 

effects of breaking up prolonged sitting on postprandial cardiometabolic risk markers are 

discussed. The final section of this literature review details the effects of physical activity on 

appetite and energy intake.  

 

To ensure that the summary of evidence described within this literature review, a 

comprehensive search was performed using PubMed, MEDLINE and Web of Knowledge up 

until June 2018 to identify evidence relating to sedentary behaviour and health. Keywords 

included; acute, sedentary behaviour OR sedentary OR sitting OR prolonged sitting, walking 

OR physical activity, breaking up OR breaks OR bouts OR interrupting OR intermittent, 

postprandial glucose OR insulin OR triglycerides OR cholesterol OR lipaemia OR appetite 

OR hormone OR energy intake OR gut peptide OR ghrelin OR PYY. A separate list of 

search terms was used to identify workplace interventions including keywords; sedentary 

behaviour OR sedentary OR desk OR sitting OR prolonged sitting, workplace OR Work OR 

office AND intervention. Search results were imported into Endnote (Endnote X5, 

ClarivateTM, Philadelphia, USA) where duplicate articles across the 3 databases could be 

removed, before relevant articles were identified by reading the title and abstracts of each. 

Where it was still unclear after this process, the full article was downloaded and screened to 

determine whether it was relevant for the purposes of this thesis.   
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2.1 Cardiometabolic Disease 

Cardiometabolic diseases encompass cardiovascular diseases (CVD) such as coronary 

heart disease, peripheral arterial disease and stroke, and metabolic disorders such as type 2 

diabetes mellitus (T2DM). The rising prevalence of these non-communicable diseases in 

western societies is of great concern. Currently, CVD is the leading cause of death 

worldwide and accounts for 32% of global deaths (Mortality and Causes of Death, 2015), 

and 26% in the UK (Bhatnagar et al., 2015). Meanwhile, T2DM was attributable to 8.3% of 

global all-cause deaths in 2013 (Group, 2015) and is prevalent in 8.6% of the UK population 

(Department of Health, 2016). However, this figure is expected to be much higher, with many 

individuals deemed to be living with the condition undiagnosed (Guariguata et al., 2014).  

 

UK mortality rates from CVD have reduced significantly over past decades, though this is 

mainly attributed to people living longer with the condition (British Heart Foundation, 2017). 

Indeed, the number of drug prescriptions and surgical interventions to treat CVD was at an 

all-time high in 2014 (Bhatnagar et al., 2015). Medicinal and surgical advancements have 

also culminated in a decrease in the average years of life lost by having T2DM (Murray et 

al., 2013). However, quality of life is greatly restricted in individuals with these 

cardiometabolic diseases due to associated lifestyle restrictions including drug therapy, 

nutritional restrictions, loss of independence or physical impairment (World Health 

Organisation, 2011). Consequentially, estimated annual costs of treatment for CVD and 

T2DM in the UK are £6.8 billion and £21.8 billion, respectively (Luengo‐Fernández et al., 

2006; Hex et al., 2012). Primary prevention strategies only equate to 1% of total NHS spend, 

despite having the potential to greatly reduce future economic burden. Therefore, developing 

strategies that aid in the prevention of these diseases is of paramount importance. 

Investigations into the aetiology of cardiometabolic diseases has been associated with 

several lifestyle-derived factors such as physical inactivity, sedentary behaviour, poor diet, 

excess adiposity, smoking and excessive alcohol consumption (British Heart Foundation, 
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2017). Therefore, interventions that address these lifestyle factors may contribute to the 

prevention of cardiometabolic disease. 

 

2.2 Postprandial markers of cardiometabolic disease 

 

Of contemporary interest is the emerging body of evidence postulating that postprandial 

dysmetabolism of blood glucose, insulin and lipids is a significant predictor of 

cardiometabolic health that may be more important than fasting values (Kolovou and Ooi, 

2013; Bonora, 2002; Blaak et al., 2012; Bansal et al., 2007). At a population level, most of 

the waking day is spent in the postprandial state (O'Keefe and Bell, 2007). Therefore, 

improving postprandial metabolism of several risk markers may be an important target for 

intervention that could reduce the risk of cardiometabolic disease. The following sections will 

detail the current postprandial pathophysiological mechanisms in relation to cardiometabolic 

diseases.  

 

2.2.1 Postprandial Glycaemia 

Glucose is an essential energy source for all human cells and is therefore robustly controlled 

by the body’s glucose-insulin system. Following ingestion of dietary carbohydrate, blood 

glucose concentrations rise in a dose-response manner. To maintain homeostasis, glucose 

is rapidly cleared from blood plasma  and typically returns to a desirable level within 2 h. 

Muscle and adipose tissue facilitate the storage of glucose enabled by translocation of the 

glucose transporter type 4 (GLUT4) via insulin-mediated or contraction-mediated pathways 

(Wojtaszewski et al., 1997).  

 

Some evidence suggests that exposure to high blood glucose levels (>7.5 mmol/L) leads to 

macrovascular and microvascular damage (Bonora, 2002). Hyperglycaemia is associated 

with an exponential rise in the glycation of haemoglobin, which may, in turn, blunt the cells’ 

ability to respond to insulin signalling. Additionally, high glucose availability may trigger a 
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cascade of cellular responses which results in a proliferation of free radicals (O'Keefe and 

Bell, 2007). This increase in postprandial oxidative stress has been associated with several 

atherogenic processes such as inflammation, vasoconstriction and the oxidation of low-

density lipoprotein cholesterol which causes microvascular damage (Ceriello and Motz, 

2004). Hence, hindered capability of glucose clearance is a significant predictor of 

cardiometabolic health (Temelkova-Kurktschiev et al., 2000; de Vegt et al., 2001).  

 

The current dietary guidelines recommend that 50% of daily food energy is derived from 

carbohydrates (British Nutrition Foundation, 2016). This presents a challenge as adherence 

to these guidelines will result in individuals experiencing postprandial glycaemia multiple 

times a day. The consumption of meals with a low glycaemic index (GI) may aid in 

attenuating the quantity and scale of  these glucose excursions (Jenkins et al., 1981). The GI 

of foods describes the magnitude of glucose response to the ingestion of carbohydrates 

deriving from individual foods (Jenkins et al., 1981) and mixed meals (Wolever and Jenkins, 

1986). Consumption of low GI foods typically represents a gradual elevation in postprandial 

glucose levels compared with a sharp rise associated with high GI foods. Thus, consumption 

of lower GI meals may be effective for reducing postprandial glucose and insulin responses 

(Tuomilehto et al., 2001). Current nutritional recommendations to prevent and treat diabetes 

thus include consumption of meals with a lower GI (Buyken et al., 2010). 

 

2.2.2 Postprandial Insulinaemia  

Following ingestion of dietary carbohydrate, blood glucose concentrations elevate in the 

circulatory system. Amongst other responses to this, higher concentrations of circulating 

glucose results in an increased absorption by glucose transporter type 1 carrier proteins 

situated on the membranes of β-cells located on islets of Langerhans in the pancreas 

(Tokarz, MacDonald and Klip, 2018). Higher intracellular glucose metabolism leads to the 

exocytosis of insulin-containing vesicles, which bind to insulin receptors on cell membranes 

throughout the body, resulting in glucose transporter vesicles’ translocation to the cell 
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membrane, enabling glucose uptake in muscle and fat cells through the microvasculature 

(Tokarz, MacDonald and Klip, 2018).  

 

Exposure to elevated insulinaemia over four days inhibits insulin-mediated glucose disposal 

by 20-40% (Del Prato et al., 1994). The mechanisms by which this occurs are not fully 

understood. It has been observed in mouse models that insulin-resistant adipocytes may 

possess a defect in the pathway regulating GLUT4 translocation (Tan et al., 2015). 

Additionally, in skeletal muscle cells, GLUT4 regulating protein kinase B (Akt) and Ras-

related C3 botulinum toxin substrate 1 (Rac1) are synonymously downregulated in an insulin 

resistant state (Sylow et al., 2014). This can result in a complete inhibition of cellular glucose 

transport at an advanced stage. However, it is not yet understood what causes the 

downregulation of Akt and Rac1 and more research is required to explore what causes a 

diminished expression of these proteins. Ultimately, this reduction in insulin-mediated 

glucose transport causes a compensatory increase in insulin secretion from the pancreas in 

response to the same 75 g glucose challenge in adults with pre-diabetes compared with  

those with normal glucose tolerance (Tripathy et al., 2000). This increased output and the 

effects of inflammation caused by hyperglycaemia over time is associated with beta cell 

apoptosis (Hotamisligil, 2010). In advanced stages, beta cell mass loss renders an individual 

dependent on insulin or non-insulin pharmacological therapies (Holden et al., 2014). The 

slow progression of insulin resistance may be detectable in the interpretation of glucose 

responses to a glucose challenge as much as 6 years prior to T2DM onset (Tabak et al., 

2009), thus demonstrating that postprandial insulin should be targeted for prevention of the 

condition.   

 

2.2.3 Postprandial Lipaemia 

Postprandial lipaemia refers to the alteration of circulating blood triglycerides (TG) and high-

density lipoprotein cholesterol (HDL-C) concentrations following the ingestion of dietary fat. 

These alterations are still evident >6 h after initial meal ingestion (Trombold et al., 2013), by 
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which time most individuals will have consumed a further meal or snack. Therefore, prompt 

disposal of lipid remnants is important to maintain vascular health. Following ingestion, 

triglyceride-rich lipoproteins are secreted from the intestine and liver. Lipoprotein lipase 

(LPL) cleaves TG from these lipoproteins, allowing fatty acids to be transported to muscle 

and adipose tissue for storage (Franklin et al., 2014). This process is important for vascular 

health as elevated levels of circulating TG in the postprandial state may exacerbate the 

accumulation of cholesterol remnants on arterial walls, resulting in atherogenesis (Boren et 

al., 2014). Subsequently, elevated postprandial triglyceride concentrations have been 

identified as a risk factor for CVD (Boren et al., 2014; Bansal et al., 2007; Kolovou and Ooi, 

2013).  

 

HDL-C is the only lipoprotein inversely associated with coronary heart disease incidence in 

adults (Natarajan, Ray and Cannon, 2010). They possess important anti-atherogenic 

properties and are the key components of reverse cholesterol transport (Fisher et al., 2012). 

Secreted from the liver and small intestines, HDL-C contains ~33% protein content, of which 

70% is apolipoprotein A1 (Pirillo, Norata and Catapano, 2014). During reverse cholesterol 

transport, HDL-C interacts with ATP-binding cassette transporter (ABCA1) to form nascent 

HDL-C particles which subsequently interact with the proteins ATP-binding cassette sub-

family G member 1 (ABCG1) and scavenger receptor class B type 1 (SRB1) to trigger an 

efflux of cholesterol from cholesterol-rich cells into the HDL-C particle (Lund-Katz and 

Phillips, 2010). Upon maturation, HDL-C particles circulate in the bloodstream until they 

enter the liver to be excreted in the liver’s  bile or into the small intestine (Lund-Katz and 

Phillips, 2010). Subsequently, low concentrations of HDL-C results in a diminished ability to 

maintain cardiovascular health and may accelerate the development of atherogenesis.  

 

The evidence relating to what is deemed a healthy postprandial change in HDL-C is limited. 

Circadian changes demonstrate a significant, albeit negligible decrease in HDL-C (-0.07 

mmol/L) over the course of the waking day, irrespective of whether an individual is healthy, 
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or is diagnosed with coronary artery disease (Miida et al., 2002). Miida et al. (2002) 

observed the changes in HDL-C before and 2 h after three daily meals and concluded that 

the differences were negligible when accounting for the circadian trend. This supports the 

notion that alterations in postprandial HDL-C concentrations are small and likely difficult to 

detect (Miida et al., 2002). Indeed, Sabaka et al. (2015) also observed no change in total 

HDL-C after 4 days of increased physical activity (PA), suggesting that any meaningful 

modification in HDL-C may be due to a more chronic adaptation.  

 

2.2.4 Summary of postprandial metabolism 

Postprandial regulation of several metabolites is associated with cardiometabolic health, 

which may be a more important predictor of disease than fasting values (O'Keefe and Bell, 

2007; Kolovou and Ooi, 2013; Blaak et al., 2012). Furthermore, the postprandial responses 

of glucose, insulin and lipid remnants are closely linked through several mechanisms. Thus, 

the investigation of them in tandem is important to better understand any potential 

interactions in postprandial kinetics that may occur. Postprandial regulation of these risk 

markers may inhibit the pathophysiological processes associated with the progression of 

cardiometabolic diseases and interventions to improve postprandial metabolism thus need to 

be identified. 

 

2.3 Sedentary behaviour  

A recent publication from the Sedentary Behaviour Research Network (SBRN) detailed the 

outcomes from a terminology consensus project (Tremblay et al., 2017), in which sedentary 

behaviour was defined as “any waking behaviour characterized by an energy expenditure of 

<1.5 metabolic equivalents (METs), while in a sitting, reclining or lying posture”. Conversely, 

the behaviour of sitting refers to the act of sitting whilst retaining an upright posture with no 

indication of METs required. The historically interchangeable nature of these two terms can 

make interpretation of some literature difficult. Indeed, the term sedentary derives from the 

Latin term sedere – ‘to sit’, further adding to the lack of lucidity in the field. Within this thesis, 
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the use of the terms sedentary behaviour and sitting will refer to the definitions outlined 

above. 

 

The proportion of time spent sitting during waking hours has progressively grown during 

recent decades (Levine, 2014). This, in part, has arisen due to advancements in technology 

and the changing nature of the job market combined with a frequent use of the chair during 

everyday activities e.g. eating, commuting and leisure activities. Objectively, US adults 

spend an average of 7.5-9.3 h (55-60%) of their waking day in sedentary behaviours, of 

which the majority is sitting (Matthews et al., 2008). Similar findings (60-66%) have been 

documented in the UK (Clemes, O'Connell and Edwardson, 2014; Smith et al., 2015), and 

amongst other western societies such as Australia (59%) and Canada (60%; Colley et al., 

2011; George, Rosenkranz and Kolt, 2013; Miller and Brown, 2004).  

 

2.3.1 Epidemiology of sedentary behaviour 

Sitting time has been identified as an independent risk factor for a myriad of adverse 

cardiometabolic risk markers including body mass index (BMI), insulin resistance, 

postprandial glucose, HDL-C and fasting TG concentrations (Staiano et al., 2014; Thorp et 

al., 2010). Additionally, meta-analyses of epidemiological studies have established 

associations between higher levels of sedentary time with an increased relative risk of CVD, 

T2DM, metabolic syndrome and all-cause mortality (Wilmot et al., 2012; Edwardson et al., 

2012; Bailey et al., 2019). These negative health effects may or may not be mitigated in 

individuals who are physically active. Several studies have reported that adjusting for PA 

levels does not offset the detrimental health outcomes associated with an increasing volume 

of sedentary behaviour (Katzmarzyk et al., 2009; van der Ploeg et al., 2012). However, this 

is not exclusive, with some studies finding no association between sitting and all-cause 

mortality (Pulsford et al., 2015), or that high amounts of PA levels (60-75 min of daily MVPA) 

offset the association of high sitting with mortality (Ekelund et al., 2016a). A recent 

assessment of systematic reviews suggested that a relationship between sedentary 
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behaviours and all-cause mortality is likely to exist (Biddle et al., 2016). However, further 

investigation is warranted. The current body of evidence has culminated in sedentary 

behaviour being regarded as an independent factor of health status (Dunstan et al., 2012a; 

Tremblay et al., 2017). 

 

An important factor to consider during the assessment of sedentary behaviour is to scrutinise 

the temporal pattern of how it is accumulated, considering the frequency and duration of 

sedentary bouts. A recent cohort study observed that higher total sedentary time and 

average sedentary bout duration (longer sedentary bouts) were independently associated 

with higher risk of all-cause mortality, with a combination of the two further exacerbating the 

risk (Diaz et al., 2017). Regarding cardiometabolic disease risk, findings from a large 

population-based study of ~28,000 Norwegian participants observed that self-reported 

prolonged sitting behaviour was associated with the onset of T2DM, whereas overall sitting 

was not (Asvold et al., 2017). Healy et al. (2008) observed that the quantity of breaks in 

sedentary time per day was associated with improved cardiometabolic risk markers such as 

2 h plasma glucose, triglyceride levels, waist circumference and BMI after controlling for total 

sedentary and PA time. Furthermore, Chastin et al. (2015) observed in their meta-analysis 

that experimental studies that broke up sedentary time with stepping for as little as 2-min 

was associated with suppressed postprandial glucose and insulin responses, suggesting 

improved cardiometabolic control. Findings such as these support the UK PA guidelines for 

adults which recommends avoiding prolonged periods of sitting (Department of Health, 

2019). Despite the evidence detailed above, these study designs have been observational, 

and it is important that the causal effects of breaking up prolonged sitting on cardiometabolic 

risk markers is established.  

 

2.4 Breaking up prolonged sedentary time 

Prolonged sedentary behaviour encapsulates the act of engaging in sustained periods of 

sitting with minimal movement. Currently there is no apparent consensus over what duration 
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a sedentary bout traverses into a ‘prolonged’ sedentary bout. For example, several studies 

have used this terminology when referring to breaking up sedentary bouts of 18-min 

(Ajibewa et al., 2017) or 20-min (Dunstan et al., 2012b; Bailey et al., 2016; Bailey and Locke, 

2015; Clemes, O'Connell and Edwardson, 2014). Conversely, a 30-min threshold is often 

adopted when interpreting objectively measured sedentary behaviours (Bellettiere et al., 

2017; Healy et al., 2016; Honda et al., 2016). The disparity in the definition of a prolonged 

sedentary bout highlights the need for an evidence-based consensus in the field (Kloster et 

al., 2017). The parameters of what constitutes a ‘break’ in sedentary behaviour was 

published following a terminology consensus process initiated by the Sedentary Behaviour 

Research Network (Tremblay et al., 2017). The outcome defined a break as any deviation 

from sitting that exceeds 1 min in duration (Tremblay et al., 2017). Congruently, 

experimental trials have investigated the health benefits of regular breaks in sedentary 

behaviour incorporating widely differing modalities (standing, walking, jogging, cycling, arm 

ergometry and simple resistance activities), frequencies (every 20-60 min), durations (1-5 

min per bout) and intensities of PA (Benatti and Ried-Larsen, 2015). The heterogeneity in 

methodologies has made comparisons challenging and the optimal characteristics (mode, 

frequency, intensity and duration) of an activity break to yield maximum health benefits 

remains unknown. Additionally, recommendations may also differ depending on participant 

characteristics e.g. age, sex, fitness level and health status (Benatti and Ried-Larsen, 2015), 

justifying the need for further investigation in this area. The following sections will discuss the 

experimental evidence relating to the effects of breaking up prolonged sedentary behaviour 

on cardiometabolic risk markers. A summary table of the key experimental trials discussed 

are outlined in Table 2.1. 
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Table 2.1 Summary of acute studies examining cardiometabolic responses to interrupting prolonged sitting 

Author Sample Design Experimental conditions Results 

Dunstan et al. 

(2012b) 

19 overweight/obese 

adults (8 women), mean 

age 54 yrs. 

Three-treatment 

randomised crossover 

trial, duration 5h. 

1. Uninterrupted sitting, 

2. Sitting with 2-min light-intensity 

walks every 20 min (30 min total 

PA), 

3. The same as 2, but with 

moderate-intensity walks. 

Glucose and insulin iAUC 

lower in conditions 2 and 3 

compared with condition 1. 

McCarthy et al. 

(2017)mcc 

13 obese adults (7 

women), mean age 34 

yrs. 

Two-treatment 

randomised crossover 

trial, duration 7.5h. 

1. Uninterrupted sitting, 

2. Sitting with 5-min seated arm 

ergometry every 30-min (60 min 

total PA). 

Glucose and insulin iAUC 

lower in condition 2 

compared with condition 1. 

Bailey and 

Locke (2015) 

10 non-obese adults (3 

women), mean age 24 

yrs. 

Three-treatment 

randomised crossover 

trial, duration 5h 

1. Uninterrupted sitting, 

2. Sitting with 2-min light-intensity 

walks every 20 min (28 min total 

PA). 

3. The same as 2, but with standing 

Glucose iAUC lower in 

condition 2 compared with 

condition 1. 

No change in pre-post 

cholesterol, HDL-C or 
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Author Sample Design Experimental conditions Results 

breaks. Triglycerides. 

Holmstrup et al. 

(2014) 

11 obese adults (3 

women), mean age 25 

yrs.  

Three-treatment 

randomised crossover 

trial, duration 12h 

1. Uninterrupted sitting, 

2. Sitting with 60-min continuous 

cycling in the morning, 

3. Sitting with 5-min cycling every 

60 min (60 min total PA). 

Glucose iAUC lower in 

conditions 1 and 3 compared 

with condition 2. 

Insulin iAUC lower in 

comditions 2 and 3 compared 

with condition 1. 

Peddie et al. 

(2013) 

70 healthy adults (42 

women), mean age 26 

yrs. 

Three-treatment 

randomised crossover 

trial, duration 9h. 

1. Uninterrupted sitting, 

2. Walking for 30-min followed by 

uninterrupted sitting, 

3. Sitting with 1-min 40 s walking 

every 30-min (30 min total PA)  

Glucose and insulin iAUC 

lower in condition 3 

compared with conditions 1 

and 2. 

Triglyceride iAUC lower in 

condition 2 compared with 

condition 3.  

Pulsford et al. 

(2017) 

25 healthy, inactive 

men, mean age 40 yrs. 

Three-treatment 

randomised crossover 

1. Uninterrupted sitting, 

2. Sitting with 2-min standing every 

Glucose and insulin iAUC 

lower in condition 3 
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Author Sample Design Experimental conditions Results 

trial, duration 7h. 20-min (28 min total standing), 

3. The same as 2, but with walking 

breaks. 

compared with condition 1. 

Miyashita et al. 

(2016) 

15 postmenopausal 

Japanese women, 

mean age 69 yrs. 

Three-treatment 

randomised crossover 

trial, duration 8h. 

1. Uninterrupted sitting, 

2. 30-min walk followed by 

uninterrupted sitting, 

3. Sitting with 1.5-min walking 

almost (3 were 30-min apart) 

every 15-min (30 min total PA) 

Triglycerides iAUC lower in 

condition 3 compared with 

conditions 1 and 2. 

Dempsey et al. 

(2016a) 

24 overweight/obese 

adults (10 women) with 

T2D, mean age 62 yrs. 

Three-treatment 

randomised crossover 

trial, duration 8h. 

1. Uninterrupted sitting, 

2. Sitting with 3-min light-intensity 

walking every 30-min (36 min 

total PA), 

3. The same as 2, but with simple 

resistance activities. 

Glucose, insulin and C-

peptide iAUC lower in 

conditions 2 and 3 compared 

with condition 1.  

Triglyceride iAUC lower in 

condition 3 compared with 

condition 1. 
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Author Sample Design Experimental conditions Results 

Henson et al. 

(2016)henson 

22 overweight/obese, 

dysglycaemic, 

postmenopausal 

women, mean age 67 

yrs. 

Balanced incomplete 

block design where 

participants completed 

2 of the three trials, 

duration 7.5h. 

1. Uninterrupted sitting, 

2. Sitting with 5-min light-intensity 

walking every 30-min (60 min 

total PA), 

3. The same as 2, but with standing 

breaks 

Glucose and insulin iAUC 

lower conditions 2 and 3 

compared with condition 1. 

No differences in triglyceride 

iAUC between any 

conditions. 

Bailey et al. 

(2016) 

13 healthy, sedentary 

adults (7 women), mean 

age 27 yrs. 

Three-treatment 

randomised crossover 

trial, duration 5h. 

1. Uninterrupted sitting, 

2. Sitting with 2-min light-intensity 

walking every 20-min (28 min 

total PA), 

3. The same as 2, but with 

moderate-intensity walking 

breaks. 

Glucose iAUC lower in 

condition 3 compared with 2. 

No differences in insulin 

iAUC between any condition.  

PA, physical activity; T2D, Type 2 diabetes; iAUC, incremental area under the curve. 



20 
 

2.4.1 Glucose response 

Dunstan and colleagues’ (2012b) study was the first to investigate the effects of breaking up 

prolonged sitting on postprandial glucose and insulin concentrations. Using a sample of 

overweight/obese adults, the benefits of short (2 min), frequent (every 20 min) bouts of 

walking at light and moderate intensities resulted in a 24-30% reduction in the postprandial 

glucose concentrations compared with uninterrupted sitting. The effects of standing breaks 

were also investigated by mimicking the same design as Dunstan et al. (2012) using healthy 

adults (Bailey and Locke, 2015). Light-intensity walking resulted in a 16% glucose reduction 

when compared with uninterrupted sitting, whereas standing did not suppress glucose 

(Bailey and Locke, 2015). This suggests that movements utilizing higher muscle activation 

than simply standing is required for short-term benefits in healthy adults. Indeed, a meta-

analysis of nine acute trials only observed significant attenuations of blood glucose following 

light-intensity or moderate to vigorous-intensity PA (Chastin et al., 2015), whereas any type 

of postural change every 20-30 min may be beneficial to individuals with diabetes or 

dysglycaemia (Dempsey et al., 2016b).  

 

Beyond a single test meal, longer duration trials (up to 12 h) have observed a blunted 

glucose response when comparing a single bout of PA to multiple bouts throughout a day 

(Holmstrup et al., 2014). Short, 1 min 40s moderate-intensity walks (60% V̇O2max) every 30-

min produced greater reductions in glucose incremental area under the curve (iAUC) levels 

than a single volume and intensity matched continuous bout of walking in the morning (by 

58%) and prolonged sitting (by 63%) in young healthy adults (Peddie et al., 2013). This 

demonstrates that frequent moderate-intensity activity breaks may attenuate glucose 

responses when compared with a single bout of time-matched, moderate-intensity walking. 

Indeed, multiple bouts of moderate-intensity cycling reduced postprandial glucose responses 

by 12.7% when compared with a single continuous bout of moderate-intensity cycling in 

young obese adults (Holmstrup et al., 2014). However, these two studies vary greatly in 

terms of exercise modality (walking vs. cycling), frequency (every 30 min vs. hourly) and 
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duration (1 min 40s vs. 5 min bouts), making it difficult to identify which aspects of the 

differences in PA accumulation are important. This thus requires further investigation to help 

inform public health guidelines. 

 

To date, there have been no apparent benefits of breaking up sitting with standing breaks 

(Bailey and Locke, 2015). This is potentially due to the use of healthy participants or the 

short duration of standing (2 min) being inadequate to elicit a metabolic stimulus to produce 

meaningful changes that are detectable acutely. Standing for 5 min every 30-min led to a 

34% reduction in glucose levels during a 7.5 h trial period in overweight/obese, 

dysglycaemic, postmenopausal women (Henson et al., 2016). Additionally, replacing four 

hours of sitting with standing at a work desk reduced glucose excursions by 43% during an 

afternoon in obese office workers (Buckley et al., 2014), suggesting that samples with poorer 

metabolic health may benefit from standing breaks or prolonged standing. However, in a 

recent meta-analysis of experimental studies by Dempsey et al. (2016b), the health benefits 

associated with walking appear to be of consistently greater magnitude compared with  

standing breaks, regardless of health status (Dempsey et al., 2016b) and warrants 

precedence in any public health policies pertaining to sedentary behaviour. 

 

There are three potential mechanisms that may explain the lower postprandial glucose 

responses observed when breaking up sitting; the increase of skeletal muscle glucose-

transporter 4 (GLUT4) expression (Richter and Hargreaves, 2013), increased intracellular 

glucose oxidation and increased insulin sensitivity (Borghouts and Keizer, 2000). Increased 

GLUT4 expression is important as it reduces the demand on insulin–mediating pathways 

and is associated with greater insulin sensitivity (Tripathy et al., 2000). Upon analysis of the 

genetic expression of GLUT4 translocation-regulating pathways in blood samples obtained 

during the experimental study by Dunstan et al. (2012b), upregulation was observed after a 

single day of breaking up sitting every 20 min for 2 min with light or moderate-intensity PA 

breaks (Latouche et al., 2013; Bergouignan et al., 2016). Additionally, in a follow-up study, 
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Bergouignan et al. (2016) observed that breaking up sitting following the same protocol but 

over 3 days with light-intensity PA breaks increased TBC1D4 protein expression, but this 

was not any greater in magnitude than the effects observed over a single day. This suggests 

that, acutely, breaking up sitting with light or moderate intensity PA increases glucose 

transport signalling via contractile-mediated pathways. The potential for such modest activity 

breaks to increase contraction-mediated glucose uptake is promising as it represents the 

potential for a low-burden strategy of behaviour change in yielding significant improvements 

in glucose control. 

 

2.4.2 Insulin response 

One day of prolonged sitting reduces the effectiveness of insulin action by up to 39% 

(Stephens et al., 2011), making it pertinent to assess whether breaking sitting with PA 

breaks can attenuate such detriments. In conjunction with reduced glucose, Dunstan et al. 

(2012b) observed a 23% reduction in insulin with breaking up sitting with 2 min walking 

breaks every 20 min (Dunstan et al., 2012b). Also using an overweight/obese sample, 5 min 

moderate intensity cycling breaks every hour reduced insulin by 15% over a 12 h period 

compared with prolonged sitting (Holmstrup et al., 2014). The only study to incorporate a >1 

day experimental design breaking up sitting time reported that two consecutive days of light-

intensity activity breaks maintained, but did not enhance, insulin suppression further (Larsen 

et al., 2015). This suggests that the acute suppression of insulin by breaking up sitting is 

transient and may require repeating daily in order to maintain the benefits.  

 

In non-obese participants, walking activity breaks have yielded mixed results. Bailey et al. 

(2016) detected no change in postprandial insulin concentrations after walking for 2 min 

every 20 min for 5 h (Bailey et al., 2016). However, Pulsford et al. (2017) observed a 21% 

reduction in insulin by breaking sitting with walking for 2 min every 20 min over 7 h. There 

are several reasons that could, in part, explain differences between these two studies; test 

meals were different, the disparity in age of the participants recruited (mean ages of 26.6 vs 
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40.2 years), and the frequency of blood sampling procedures differed (every 30 min for 7 h 

vs. every 60 min for 5 h). It is plausible to suggest that higher intensities of PA would be 

required to elicit an attenuated insulin secretion in individuals who are likely to already have 

desirable insulin sensitivity. Alternatively, a second postprandial period may be needed to 

assess whether any benefits become detectable after a sufficient accumulation of PA has 

been achieved, as observed by Pulsford et al. (2017). The experimental chapters in this 

thesis will thus include frequent blood sampling (Chapter 4 and 6) and multiple test meals 

(Chapters 5 and 6). 

 

2.4.3 Lipid response 

 

2.4.3.1 Triglyceride response 

Breaking up sitting with short activity breaks (2 min) every 20 min increases genetic 

expression of nicotamide N-methyltransferase, which is believed to modulate triglyceride TG 

metabolism (Latouche et al., 2013). Synonymous with glucose responses, standing breaks 

do not appear to acutely attenuate postprandial TG concentrations (Miyashita et al., 2013; 

Bailey and Locke, 2015). This may be due to the healthy populations recruited or the low 

musculoskeletal activation that standing elicits being inadequate to induce metabolic 

alterations. Conversely, Miyashita, Burns and Stensel (2008) detected a reduction of TG on 

the day following 30 min of accumulated walking on a treadmill for 3 min every 30 min. This 

postprandial suppression was only marginally lower than the 22% decrease observed after 3 

min running bouts in the same 2-day design (Miyashita, Burns and Stensel, 2006). Acutely, 

some trials have found that breaking up sitting with running or walking breaks surmounting to 

30 min result in meaningful TG attenuations on the same day (Miyashita, Burns and Stensel, 

2009; Miyashita et al., 2016; Kim et al., 2014). The evidence regarding postprandial TG 

responses are not ubiquitous. Peddie et al. (2013) reported in their large randomised 

crossover trial of seventy adults that TG was suppressed more during a 9-h condition when 

PA was completed in a single 30 min walking bout (continuous PA) compared with the same 
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duration of PA accumulated in bouts of 1 min 40 s every 30 min (intermittent PA). 

Additionally, no reduction in TG was observed following intermittent PA when compared with 

a control condition of sitting. It is possible that short PA breaks may need to be longer than 1 

min 40 s, more frequent than every 30 min, or of a higher intensity than 45% V̇O2max in order 

to result in detectable changes over a single day. More research is needed to clarify how 

changes in the way PA breaks are undertaken may affect postprandial TG concentrations. 

 

2.4.3.2 High-density lipoprotein response 

Observationally, HDL-C is not associated with breaks in sedentary time (Healy et al., 2008). 

Acute research found no changes over a 5 h postprandial period (Bailey and Locke, 2015). 

However, HDL-C was only assessed twice (pre and post) and not measured throughout the 

duration of the experimental conditions so any potential conclusions are limited. More 

frequent measurements of HDL-C (i.e. hourly) may be required for researchers to see the 

potential acute changes in more detail. It is unknown whether activity breaks of a higher 

intensity will yield any rise in HDL-C over a longer observational period (e.g. 8h) or in 

response to different PA intensity activity breaks. However, Hamilton et al. (1998) observed 

an increased local expression of LPL mRNA in the hind limbs of rats between 2-4 h after 

high-intensity running on a wheel, and moderate-intensity PA exercise may also upregulate 

LPL in a similar manner, when EE is similar (Hildebrandt, Pilegaard and Neufer, 2003). More 

research is warranted to see if the effects of short bouts of moderate and high-intensity PA 

can affect circulating HDL-C. 

 

2.5  Reducing prolonged sedentary behaviour in office workers 

Office workers have been identified as being highly sedentary, with daily sedentary time 

ranging between 8.9 – 10.4 h/day reported in multiple studies spanning several countries 

(Biddle et al., 2015; Clemes, O'Connell and Edwardson, 2014; Healy et al., 2016; Thorp et 

al., 2012; Edwardson et al., 2018b). Accumulating evidence also demonstrates that office-

based employees accumulate a disproportionally larger amount of prolonged and total 
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sedentary behaviour at work than outside of work (Parry and Straker, 2013; Smith et al., 

2015; Evans et al., 2012; Thorp et al., 2012; Clemes, O'Connell and Edwardson, 2014; 

Bennie et al., 2015).The office environment has thus become a target for interventions 

aimed at reducing sedentary behaviour (Becker et al., 2017; Buckley et al., 2015; Shrestha 

et al., 2016). Recently, an expert consensus statement was published providing 

recommendations on reducing sedentary behaviour to improve office workforce health and 

productivity (Buckley et al., 2015). One of the core recommendations was to reduce 

prolonged sitting by regularly transitioning to standing-based work and vice versa. Buckley et 

al. (2015) also recommended the provision of height-adjustable workstations, despite their 

being limited high quality evidence demonstrating their efficacy for improving health 

outcomes (Tew et al., 2015).  

 

There have been numerous workplace interventions conducted over the past decade that 

have aimed to reduce sedentary behaviour. There appears to be some disparity between 

those that have aimed to reduce sedentary behaviour by focusing on strategies to reduce 

sitting at work, and those that have targeted increased PA levels as a means of reducing 

sitting. Overgaard et al. (2017) directly assessed the effects of promoting reduced sitting 

(SitLess, n=23) compared with increasing exercise levels (ExMore, n=20), during a 4-week 

intervention. In this sample of 43 adults, participants did alter their behaviour according to 

the intervention focus (i.e. SitLess reduced sitting behaviour and ExMore increased time 

spent in MVPA), with no significant changes in other behaviour variables. Similarly, Danquah 

et al. (2017) conducted a multicomponent intervention including strategies such as providing 

high tables for standing meetings, training individuals on how best to use their sit-stand 

desks and providing a short lecture communicating the effects of high volumes of sedentary 

behaviour on health. At 3-month follow-up, participants reduced their workplace sitting and 

prolonged sitting time, but did not increase stepping time, predominantly replacing sitting 

with standing (Danquah et al., 2017). Edwardson et al. (2018b) reported a similar response 

following their multicomponent intervention which aimed to reduce workplace sitting. 
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Intervention participants reduced the time spent in prolonged and overall sitting time, but 

there was no increase in the amount of time spent stepping as per the focus of the 

intervention (Edwardson et al., 2018b). These findings suggest that the most effective way to 

reduce sedentary behaviour is to directly target sedentary behaviour in intervention 

components as opposed to promoting an increase in PA levels. 

 

2.5.1 Intervention outcomes 

There are a growing number of heterogeneous, multi-component interventions that have 

specifically targeted reducing workplace sedentary behaviour in office workers (Healy et al., 

2016; Danquah et al., 2017; Brakenridge et al., 2016). These have incorporated numerous 

environmental, individual and organisational components, grounded in several different 

psychological theories from the Behaviour Change Wheel (Michie, van Stralen and West, 

2011). Recently, a large cluster randomised controlled trial reported reduced daily and 

workplace sedentary time (45 min per 8-h workday reduction compared with the control 

group at follow-up), prolonged sedentary time (18 min per 8-h workday reduction compared 

with the control group at follow-up) and increased standing time after a 12-month 

intervention in Australian office workers (Healy et al., 2016). This multicomponent 

intervention incorporated organisational (management and stakeholder workshop to develop 

strategies most appropriate for each worksite), environmental (provision of a sit-stand desk) 

and individual strategies (goal setting and telephone calls to support goal attainment). 

Reductions in fasting glucose and a clustered cardiometabolic risk score were observed, 

with negligible alterations in several other markers of health such as blood pressure and BMI 

(Healy et al., 2017), suggesting that there may be some benefits to overall cardiometabolic 

health by reducing daily and occupational sedentary behaviour. Due to the capital 

investment required for height-adjustable workstations (typically ranging from £130 - £350 

per unit), further research is required to ascertain the efficacy and cost-effectiveness of 

purchasing this equipment by conducting high-quality, long-term interventions. 
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Synonymously, the effectiveness of interventions targeting reductions in workplace 

sedentary time without the need for specialist equipment is warranted.  

 

An important observation of note in the studies by Healy et al. (2016) and Danquah et al. 

(2017) was the larger reductions in sitting time within the intervention groups at the first 

follow-up measurements (3 months and 1 month respectively; -99.1 and -71 min per 8-h 

workday, respectively) compared with the second follow-up (12 and 3 months, respectively). 

This represents a relapse in sedentary behaviour reductions at longer follow-ups and 

highlights the difficulties in maintaining this behaviour change. More recently, a cluster-

randomised controlled trial by Edwardson et al. (2018b) observed progressively larger 

reductions in occupational sitting time at 3, 6 and 12-month follow-up measurements 

compared with baseline values, resulting in a 72 min/workday reduction at 12 months. This 

intervention was complex and incorporated numerous organisational, environmental, 

individual and group strategies with a detailed design addressing previously highlighted 

limitations in this field of research (Munir et al., 2018). However, there were some aspects of 

this study that potentially limit the generalisability of the findings. Firstly, participants in both 

study arms were provided with their health results during each follow-up measurement 

session and it is not known to what extent this might have affected the subsequent 

behaviours of individuals in either study arm. Secondly, the sample recruited were office staff 

based within University hospitals and may therefore have had higher levels of health literacy 

than an average workplace, which could have disproportionately increased their level of 

engagement and behaviour change. Thirdly, the clusters within the study were small, with a 

mean size of 4 (range 1 to 16) participants per cluster due to the physical layout of the study 

site. This makes the generalisability of this intervention to larger open-plan offices more 

difficult. Other studies in this area have been of lower quality or in smaller sample sizes due 

to the necessity of testing efficacy prior to conducting fully powered randomised controlled 

trials (RCTs). For example, Brakenridge et al. (2016) observed a significant reduction in 

workplace total sitting (-38 min/10-h) and prolonged sitting (-44 min/10-h) time in two groups 
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of office workers after a 12-month workplace intervention. However, despite the sample size 

(n=153), this study design had no control group making comparisons with other studies 

problematic. Other studies that have focused on reducing sitting time include small scale 

pilot studies (Chau et al., 2016; Judice et al., 2015; Alkhajah et al., 2012), or used no 

objective measurement for quantifying sedentary behaviour (Mackenzie, Goyder and Eves, 

2015). Thus, more research is required, in which fully powered cluster randomised controlled 

trial study designs are used and objective assessment of sedentary behaviour changes are 

captured. 

  

In addition to reduced sitting behaviour, it is pertinent to consider changes in other 

behaviours that occur due to behaviour change interventions. Healy et al. (2016) observed 

reductions in workplace sitting time (-45.4 min/8-h). This was almost exclusively replaced 

with standing (+42.8 min/8-h), likely due to the provision of a height adjustable workstation 

which allowed employees to continue working whilst standing. Similarly, Alkhajah et al. 

(2012) observed a near-exclusive replacement of sitting with standing upon installation of a 

height-adjustable workstation, where workplace sitting reduced by 125 min synonymous with 

an increase in workplace standing time of 124 min.  

 

Potentially due to the light-intensity nature of standing, workplace interventions by Alkhajah 

et al. (2012), Healy et al. (2016) and Danquah et al. (2017) have observed largely 

insignificant or negligible and heterogeneous alterations in health markers at follow-up health 

assessments. Alkhajah et al. (2012) was a pilot study that was not powered to detect 

changes in health yet did observe a small and significant increase in HDL-C in the 

intervention group, with no changes in any other cardiometabolic risk marker. Healy et al. 

(2017) observed a small, but statistically significant reduction in fasting glucose, but no 

improvement in body composition, cholesterol or blood pressure after 12 months of 

intervention. Finally, Danquah et al. (2017) detected a 48 min reduction in workplace sitting 

time following a multicomponent intervention including height-adjustable workstations, of 
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which 43 min was replaced with standing. Despite there being a significant 0.6% reduction in 

body fat percentage, only body composition was assessed, and it is not known whether 

there would have been improvements in other cardiometabolic health markers (Danquah et 

al., 2017). A probable cause for the mixed outcomes from this research is that the studies 

have been underpowered for changes in health markers, which are typically secondary 

outcomes in behaviour change research. 

 

2.6 Energy balance  

 

Energy balance refers to a physiological state whereby energy intake is equal to energy 

expenditure, resulting in a stable body mass. In western societies where food availability 

often exceeds demand, appetite control becomes an important factor in energy balance and 

weight management (Wynne et al., 2005; Hopkins et al., 2000; King et al., 2012). Appetite 

control is highly complex, with both physiological and psychological influences (Hopkins et 

al., 2000; Hopkins and Blundell, 2016). This field of research has become increasingly 

important as overweight (BMI >25 kg/m2) and obesity (BMI >30 kg/m2) levels now prevail 

amongst the global population. Overweight and obesity levels in the UK adult population are 

currently 37% and 26%, respectively (World Health Organisation, 2015). Between 1980 and 

2008 obesity prevalence rose by nearly 100% across 199 countries worldwide (Finucane et 

al., 2011). Subsequently, 52% of the world’s adult population were predicted to be 

overweight or obese in 2014 (World Health Organisation (World Health Organisation, 2015) 

and recent work by a large collaborative effort (Non-communicable-disease Risk Factor 

Collaboration (NCD-RisC, 2016)) concluded that the proportion of overweight people now 

outnumbers those who are underweight globally for the first time in history.  

 

Obesity is the accumulation of excess adipose tissue due to a sustained energy imbalance, 

caused by inadequate energy expenditure, excess energy intake, or both. Subsequently, 

obesity is an independent risk factor for numerous co-morbidities including, but not limited 
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to, T2DM, CVD, hypertension and some cancers (Dixon, 2010; Ogawa et al., 2004). 

Chronic obesity can increase the risk of irreversible physiological damage such as arthritis 

or cancer (Dixon, 2010). The treatment of these requires costly surgical procedures and/or 

medication dependency as well as a loss of productivity through absenteeism (McCormick, 

Stone and Corporate Analytical, 2007). Modelled projections estimate the annual cost of 

treating obesity outcomes in the UK to rise from £3.5 billion to £49.9 billion by 2050 

(McCormick, Stone and Corporate Analytical, 2007). With the prevalence of obesity 

expected to exacerbate in the future (Wang et al., 2011), it is critical that effective and 

sustainable primary prevention strategies are identified. This may, in tandem, aid in 

attenuating the rise of cardiometabolic diseases as discussed previously. 

 

The relationship between PA levels and homeostatic energy balance is of prevailing interest 

(Stubbs et al., 2004; Blundell et al., 2015; Beaulieu et al., 2016; Beaulieu et al., 2018). 

Research has equivocally suggested that a J-shaped curve relationship exists, whereby 

individuals who are highly active proportionally consume more energy and remain in energy 

balance (Blundell et al., 2015; Blundell et al., 2003). Conversely, individuals working in 

sedentary occupations may consume an increasing amount of energy synonymous with low 

levels of energy expenditure, resulting in a positive energy balance (Granados et al., 2012). 

Indeed, as occupations in western societies have become more sedentary over the previous 

decades, average daily energy expenditure in US adults has dropped by 140 kcal and 124 

kcal in men and women, respectively (Church et al., 2011). Elsewhere, cross-sectional 

analysis of 10,785 Australian adults reported that occupational sitting and leisure-time sitting 

were associated with an increased risk of obesity (Chau et al., 2012), supporting the notion 

that sedentary behaviour may be a contributing factor to energy imbalance. Experimentally, 

Granados et al. (2012) assessed the appetite responses in men and women over a 24 h 

period. Participants completed three trials in a laboratory during which they a) performed 

typical activities of daily living (e.g., sitting for ~6 h, vacuuming, walking and dish washing); 

b) were confined to a wheelchair and sat for ~17 h whilst consuming a restricted amount of 
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energy equating to an energy balance, and c) sat in a wheelchair for the same duration (~17 

h) but consumed the same amount of energy as condition a. Notably, there was no reduction 

in appetite in either of the prolonged sitting conditions, suggesting that high levels of sitting is 

not compensated for by a reduction in appetite and may therefore result in an energy 

imbalance, resulting in weight gain (Granados et al., 2012).  

 

2.6.1 Appetite control and measurement 

The physiological regulation of appetite is highly complex, with numerous gut hormones 

potentially affecting perceived appetite and energy intake, including the peptides acylated 

ghrelin and peptide tyrosine-tyrosine (PYY). The gastrointestinal tract, the largest endocrine 

organ in the body, secretes various hormones episodically in anticipation and in response to 

feeding (Suzuki et al., 2010). These hormones can influence appetite control through the 

bloodstream due to an incomplete blood-brain barrier (BBB) which allows the hormones to 

circulate around the body and enter the hypothalamus to interact with the arcuate nucleus 

(ARC; Suzuki et al., 2010). Contained by the ARC are neuropeptide Y (NPY) and agouti-

related peptide (agRP) which, when activated, increase the desire for food. To date, acylated 

ghrelin is the only known hormone to upregulate these centres in the hypothalamus (Muller 

et al., 2015). Conversely, pro-opiomelanocortin (POMC) and cocaine- and amphetamine-

regulated transcript (CART) activation inhibit energy intake and have high affinity with PYY 

(Suzuki, Jayasena and Bloom, 2011; Wynne et al., 2005). Due to the multifaceted nature of 

appetite, it is important that, when possible, multiple hormones are measured concurrently. 

This may provide a more complete understanding of the interactions between these peptides 

and their influences on appetite and energy intake. 

 

The subjective assessment of appetite is also regarded as an integral element in the study of 

appetite and energy balance (Stubbs et al., 2000). The subjective assessment of appetite is 

typically assessed via the use of a visual analogue scale (VAS) which consist of a direct 

question (e.g. “How hungry do you feel?”) posed above a 100 mm line scale anchored at 
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both end-points by a null response (e.g. “I am not hungry at all”) and an extreme response 

(e.g. “I have never been more hungry”) (Blundell et al., 2010). Studies in this field of 

research have consistently assessed appetite using the same four validated parameters: 

hunger, satiety, fullness and prospective food consumption (Flint et al., 2000). Though the 

effects of manipulations in nutrient intake or exercise may result in alterations of subjective 

appetite and appetite regulating hormones in tandem (Broom et al., 2007; Broom et al., 

2009; Clayton, Stensel and James, 2016; Chowdhury et al., 2015); there are numerous 

occasions whereby a change in hormonal concentrations have not directly translated into 

perceived or behavioural changes in appetite (Howe, Hand and Manore, 2014; Foster-

Schubert et al., 2008). Thus, the measurement of subjective appetite and appetite hormone 

concentrations in tandem is required to understand if changes in hormones relate to 

changes in appetite and energy intake or if these responses may occur independent of one 

another.  

 

2.6.2 Acylated ghrelin 

Acylated ghrelin is currently the only known orexigenic (appetite-stimulating) gut hormone 

(Suzuki, Jayasena and Bloom, 2011). It is a 28 amino-acid peptide secreted from the 

endocrine cells of the stomach and within the gastrointestinal tract. Acylated ghrelin is more 

relevant to appetite than its un-acylated form (des-acyl ghrelin) due to it possessing an 

additional medium chain fatty acid, which allows it to bind to receptors in the ARC and 

consequently increase appetite (Broglio et al., 2004). Acylation of ghrelin occurs due to the 

ghrelin 0-acyl-transferase (GOAT) enzyme, which enables the attachment of a medium-

chain fatty acid to ghrelin’s serine 3 residue (Muller et al., 2015). This acylation allows the 

activation of the growth hormone secretagogue receptor 1a (GHSR1A) within the ARC of the 

hypothalamus (Chen et al., 2009). GHSR1a has been confirmed as the receptor which is 

responsible for the orexigenic effects of acylated ghrelin using GHSR1a knockout mice 

(Chen et al., 2004). Increases in circulating acylated ghrelin results in increased hunger and 

gastrointestinal motility in preparation for food intake (Perboni and Inui, 2010). Circulating 
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levels are rapidly suppressed in a dose-like manner following food intake (Foster-Schubert et 

al., 2008) and higher initial acylated ghrelin concentrations are concomitant with increased 

food consumption (Wren et al., 2001). It is, therefore, important that interventions which 

effectively suppress acylated ghrelin levels are identified as a method of aiding in weight 

management (Heden et al., 2013). 

 

2.6.2.1 Physical activity and Acylated Ghrelin 

Acutely, acylated ghrelin is promptly suppressed in response to a single bout of exercise 

(60-90 min) and may remain depressed for up to 2 h following moderate to high intensities 

(King et al., 2011; Martins et al., 2015). This suppressive effect of exercise has been found 

in conjunction with negative energy balance over short term experimental observation 

periods ranging from 8 h (Deighton et al., 2013a; Broom et al., 2007; Broom et al., 2009) to 2 

days (Beaulieu et al., 2015; Douglas et al., 2015). This is due to energy intake not increasing 

to compensate for exercise energy expenditure, which may be due to the suppression of 

acylated ghrelin. Despite recent interest in the health benefits of breaking up prolonged 

sitting, the effects of intermittent PA bouts used to break up sitting time on acylated ghrelin 

are limited to one study. Bailey et al. (2016) found no differences in acylated ghrelin 

concentrations whilst engaging in 2 min light or moderate intensity walking breaks every 20 

min, suggesting no compensatory change in this hormone in response to increased energy 

expenditure over a single day. However, this may have been due to the low PA intensity or 

insufficient volumes. Continuous exercise of moderate to high intensities (55% to 85% 

V̇O2max) have consistently suppressed acylated ghrelin in experimental trials (Schubert et al., 

2014). This level and volume of intensity may be required to suppress acylated ghrelin 

concentrations due to the greater reduction in splanchnic blood flow as blood to working 

muscles is prioritised (Hazell et al., 2016; Horner et al., 2015). It has also been observed that 

PA of a higher intensity slows gastric emptying, which may contribute to a suppression of 

ghrelin secretion (Neufer, Young and Sawka, 1989).  Thus, activity breaks of at least a 
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moderate intensity warrant investigation in addition to exploring if compensatory changes in 

appetite could occur in response to breaking up sitting with different PA break durations. 

 

2.6.3 Peptide Tyrosine-Tyrosine 

PYY is a 36 amino-acid anorexigenic gut hormone secreted from intestinal L-cells within the 

gastrointestinal tract (Habib et al., 2013). PYY3-36 is the major circulating form of PYY and is 

associated more with appetite-regulating effects than total PYY (Manning and Batterham, 

2014). However, circulating concentrations of the two are closely related (Tsilchorozidou, 

Batterham and Conway, 2008), allowing reasonable assertions that an increase in PYY3-36 

would be emulated by changes to total PYY. Secretion of PYY is influenced by the energy 

content of a meal and dietary fat content stimulates secretion more than protein or 

carbohydrate (Maljaars et al., 2008). However, it is contested that protein may have a more 

important role than first thought (van der Klaauw et al., 2013). Increased PYY3-36 is 

associated with reduced appetite, potentially through inhibition of NPY Y2 receptors 

(Cooper, 2014) which may increase satiety signalling. 

 

2.6.3.1 Physical activity and PYY 

Exercise of high intensities (>70% V̇O2max) has produced significant increases in PYY3-36 

concentrations compared to moderate-intensities. Deighton et al. (2013b) observed that a 

single high intensity interval exercise session (10 x 4 min intervals at 85% V̇O2max followed by 

2 min rest in between) produced greater increases in PYY3-36 than 60 min of steady state 

exercise (60% V̇O2max) on a cycle ergometer. Despite this, there were no differences in 

energy intake between the exercise conditions and thus both exercise intensities elicited 

similar energy deficits caused by the uncompensated exercise energy expenditure. Similarly, 

Ueda et al. (2009a) observed a higher increase in PYY3-36 concentrations following a single 

high intensity exercise bout (30 min at 75% V̇O2max) than a moderate intensity bout (30 min 

at 50% V̇O2max). This demonstrates that exercise intensity may be an important factor 

contributing to the alteration of appetite-regulating hormone concentrations. 
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Moderate intensity exercise (50% V̇O2max) has consistently yielded increased PYY 

concentrations compared with  a control condition (Martins et al., 2007; Ueda et al., 2009a; 

Ueda et al., 2009b). However, the two studies published to date on the effects of intermittent 

activity breaks on total PYY have observed no significant response compared with a control 

condition (Holmstrup et al., 2013b; Bailey et al., 2016). Holmstrup et al. (2013b) found no 

elevation in total PYY over 12 h where obese participants cycled at a moderate intensity (60-

65% V̇O2peak) every 30 min for 5 min, whereas participants in the study by Bailey et al. 

(2016) walked  at a light or moderate-intensity pace every 20 min for 2 min over 5 h. The 

lack of effect during these two studies may have been due to an inadequate intensity, 

duration and total volume of PA. Therefore, the effects of frequent activity breaks of a higher 

intensity on circulating PYY concentrations merits investigation. It may also be important to 

assess whether PA of a longer duration than 2 or 5 min are required to elicit significant 

changes in PYY.  

   

2.6.4 Subjective appetite 

As previously mentioned, appetite control is highly complex. In addition to measuring 

changes to appetite-regulating hormones, it is important to assess subjective appetite i.e. 

how an individual rates their own appetite, as eating behaviour is influenced by psychosocial 

and environmental factors, not just controlled via physiological stimulus (Blundell et al., 

2010). Psychometric tools are widely considered to be an important component in appetite 

research as they provide a wider understanding of the various agents influencing appetite 

and energy balance (Stubbs et al., 2000). The most widely used tool in the field, the VAS, 

assesses four parameters of appetite; hunger, satisfaction, prospective food consumption 

(PFC) and fullness (Stubbs et al., 2000).  

 

Acutely, a single bout of moderate-intensity exercise (~60% V̇O2max) lasting up to 60 min 

does not appear to have an effect on subjective appetite (Deighton et al., 2013b). King et al. 
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(2010b) also found that 60 min of brisk walking at 45% V̇O2max followed by a 7 h rest did not 

increase subjective appetite in young men during or after exercise. Additionally, participants 

were provided with two ad libitum meals during the trials but no compensatory increase in 

energy intake was observed when compared with a control trial, resulting in a mean energy 

deficit of 439 kcal (King et al., 2010b).  

 

Unlike moderate-intensity exercise, high-intensity exercise has consistently been found to 

suppress appetite both during and in the hour immediately after exercise cessation (King et 

al., 2010a; Deighton et al., 2013b; Broom et al., 2009). After this period, subjective appetite 

returns to values comparable to a resting control condition. It is important to note, however, 

that participants in the study by Deighton et al. (2013a) observed that when completing a 

supramaximal sprint interval training session, subjective appetite displayed a compensatory 

increase post-exercise when compared with a continuous exercise bout of lower energy 

expenditure. This suggests that there may be a turning point whereby exercise becomes too 

intense and results in compensatory increases in subjective appetite. However, this increase 

did not result in higher energy intake across the duration of the condition. Additionally, the 

participants in these trials were relatively young, healthy adult males recruited from the 

Loughborough University student population, and it is not known how applicable these 

findings are to the wider population.  

 

In addition to the effect of PA intensity on appetite, it is important to examine the manner in 

which it is accumulated. The effect of multiple PA bouts is under researched and warrants 

investigation. Holmstrup et al. (2013b) investigated the effect of 12 x 5 min cycling bouts with 

a single 60 min bout on subjective appetite in obese adults. They observed over the 12 h 

condition that ratings of hunger were suppressed, and satisfaction remained more elevated 

during hours 6-10 of the condition when engaging in 5-min cycling bouts every 30-min 

compared to a single 60-min bout of cycling and the control condition. As the energy 

expenditure of the PA bouts was not yet equivocal to the single 60-min bout in the other trial, 
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there may be other reasons for the attenuated appetite. Firstly, it is possible that the 

prolonged sitting during  the latter hours in the other two trials may have contributed towards 

the increase in perceived appetite. Alternatively, there may be different pathways, such as 

psychological mechanisms, by which more regular, short bouts of PA influence appetite. 

More research is warranted to investigate these nuances.  

 

In a shorter duration trial, Bailey et al. (2016) investigated the effects of 2 min light or 

moderate-intensity walking bouts every 20 min for 5 h on appetite. No differences were 

observed in any appetite measures over the duration of the trials, suggesting that the PA 

volume or intensity were not great enough to influence these measures. However, as energy 

intake was not increased in a subsequent buffet meal, a relative energy deficit was observed 

between the two PA conditions and a control condition. Therefore, it can be suggested from 

existing evidence to date that when PA is accumulated in short duration bouts, 

compensatory increases in appetite or energy intake have not been observed. This type of 

PA strategy may therefore be useful in assisting with weight management in populations 

who find it difficult to engage in more structured exercise regimes if these acute responses 

are maintained over longer durations.  

 

The recent findings from studies investigating the effects of PA breaks vs. continuous single 

bouts of PA suggests that PA breaks do not appear to increase subjective appetite and may 

even attenuate feelings of hunger and satiety. However, the evidence is very limited, and it is 

still not known whether high-intensity PA breaks would have the same effect. Additionally, 

the effects of different frequencies and durations of PA breaks is yet to be investigated within 

a single study. 

 

2.7 Summary and rationale 
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The majority of the waking day is now spent in the postprandial state, during which poor 

control of circulating metabolites can exacerbate the risk of cardiometabolic disease. 

Uninterrupted sitting following a meal acutely increases postprandial glycaemia, insulinaemia 

and lipaemia but can be attenuated by frequent PA breaks of short duration (Benatti and 

Ried-Larsen, 2015; Dempsey et al., 2014). However, further research is needed to compare 

the effects of PA breaks with energy-matched continuous PA sessions to appropriately 

inform public health guidelines and this informs the study conducted in Chapter 5. 

Additionally, there is a lack of research comparing the cardiometabolic effects of engaging in 

short PA breaks compared with longer duration PA bouts in metabolically healthy adults, 

which is thus evaluated in Chapter 6. Finally, workplace interventions in office workers are of 

high priority to public health research due to the large volume of sedentary behaviour 

accumulated by this population during working hours. Thus, the effectiveness of workplace 

interventions tested within fully powered RCTs requires investigation. This is therefore 

investigated in Chapter 7. 

 

Moderate and high-intensity PA bouts have been established as inducing exercise-induced 

energy deficits through alterations of appetite-regulating hormone concentrations during and 

immediately after exercise bouts (Stensel, 2010). However, the literature investigating the 

effects of PA breaks accumulated throughout the day on circulating appetite-regulating 

hormones, subjective appetite and energy intake is lacking. Furthermore, studies in the field 

of exercise and appetite responses have almost exclusively investigated young, physically 

active men and whether the effects are applicable to a sedentary and inactive population of 

men and women is unknown. This is therefore explored in Chapters 4 to 6. 
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Chapter 3: General methods 

 

3.1 Ethical approval 

Each research proposal was approved by the Institute for Sport and Physical Activity 

Research Ethics Committee at the University of Bedfordshire prior to any recruitment or data 

collection commencing. Ethical approval is evidenced for each study in Appendix 2. No 

testing took place until eligibility was verified and written informed consent provided.  

 

3.2 Sample size calculations 

Prior to data collection, all sample sizes were determined using G*power (Faul et al., 2007). 

Minimum sample sizes are based on the smallest minimum effect size of interest for the 

primary outcome variables within each study. All computations were adjusted to 

accommodate a 20% drop-out rate. Specific calculations are detailed in each experimental 

chapter. 

 

3.3 Recruitment process 

Participants in experimental Chapters 4 to 6 were recruited through the University of 

Bedfordshire (staff and students) via advertisement and word of mouth. Upon registering 

interest, potential participants were provided with a study specific information sheet before 

being sent all necessary questionnaires to ascertain eligibility. 

 

3.4 Assessment of eligibility 

Prior to obtaining consent, the eligibility of each participant was assessed. Exclusion criteria 

for the laboratory-based studies (Chapters 4-6) were as follows: 

 

• Having any blood borne disease, pregnancy, self-reported diagnosed diabetes, using 

glucose-lowering and/or lipid-lowering medication. 
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• Habitual smoker. 

• Unstable weight (± 2 kg) during the past 6 months. 

• Currently attempting to lose weight. 

• Having known physical activity contraindications. 

• Having any major illness/injury (acute and/or chronic). 

• Having any other known health issue that may limit the ability to perform the required 

activity bouts or confound the outcomes of interest. 

• Having an allergy to any food items used during experimental conditions. 

• Having a dislike of any food items used in the study test meals. 

 

3.5 Anthropometry 

Participants’ stature was determined during their preliminary testing visit whilst wearing no 

footwear to the nearest 0.1 cm with a stadiometer (Horltain Ltd., Crymych, UK). During each 

measure, participants were asked to stand as still and tall as possible with their feet side by 

side and flat on the floor whilst keeping their buttocks, back and head touching the vertical 

backboard of the stadiometer. Whilst holding this position, participants were instructed to 

look forward, inhale deeply and hold their breath whilst height was measured. This was 

repeated a further time and the mean of the two values taken. If the two values were more 

than 1 cm apart, a third measure was taken and the mean of the two closest values used.  

 

Participants’ body mass was obtained in a fasted state (Chapters 4-6) on the morning of 

each experimental condition to the nearest 0.1 kg whilst wearing no footwear and one layer 

of clothing using calibrated digital weighing scales (Tanita BWB0800, Tanita Corp., Tokyo, 

Japan). Chapter 7 assessed body mass in a non-fasted state at the workplace, using the 

same set of scales. 
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Body composition was measured after an overnight fast (Chapters 4-6) wearing one layer of 

clothing and using digital scales with an incorporated, reliable and valid (Pietrobelli et al., 

2004) biometric impedance analysis function (Tanita BWB0800, Tanita Corp., Tokyo, Japan) 

on the morning of the final experimental condition to provide body composition 

characteristics. Participants were instructed to remove shoes and socks before standing still 

with their feet on the scale electrodes to ascertain a stable body mass before holding the 

hand electrodes by their sides to obtain BMI, fat free mass, body fat mass and body fat 

percentage (BF%). Study 4 followed the same protocol, but in a non-fasted state. 

 

Waist circumference was measured twice to the nearest 0.1 cm using an adjustable tape 

measure (HaB International Ltd., Southam, UK) placed at the umbilicus. Participants’ 

posture (standing) and phase of respiration (the end of a normal intake of breath) were 

standardised to reduce measurement error (Agarwal et al., 2009) and the most experienced 

researcher took all waist measures for the entirety of Chapter 7 to eliminate the potential for 

inter-rater variability and minimise measurement error associated with novice assessors 

(Panoulas et al., 2008).   

 

3.6 Heart rate measurement 

Heart rate was measured beat-by-beat and reported as beats per minute (bpm) via a 

telemetric heart rate (HR) monitor (Polar, FS1, Polar Electro, Warwick, UK) during all 

preliminary visit treadmill tests in Chapters 4 to 6. 

 

3.7 Rating of perceived exertion 

Rating of perceived exertion (RPE) was provided verbally by each participant in Chapters 4 

to 6. Participants provided their RPE during all PA bouts 10 s before cessation of each 

exercise test stage or experimental bout using the Borg Rating of Perceived Exertion scale 

(Borg, 1982). This is a 14-point scale ranging from 6 (no exertion at all) to 20 (maximal 

exertion) and with descriptors for alternating values (Appendix 3). 
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3.8 Preliminary exercise tests 

3.8.1 Submaximal treadmill test 

The submaximal treadmill test was used in Chapters 4 and 6 and consisted of 4 x 4 min 

stages starting at a speed of 3.5 km/h, rising in increments of 1.5 km/h each stage, and 

finishing on 8.0 km/h on a motorised treadmill (Woodway PPS55Med-i, GmbH, Germany). 

The test was designed to encompass treadmill speeds that would result in the participant 

walking, jogging and running; thereby enabling individual calibration of a combined 

accelerometer and energy expenditure monitor (Actiheart, CamNtech Ltd., Cambridge, UK) 

which was worn during experimental conditions (detailed later).  

 

3.8.2 Maximal treadmill test 

To assess maximum oxygen uptake (V̇O2max), the maximal treadmill test was completed on a 

motorised treadmill at a level gradient. For Chapter 5, a starting speed of 5 km/h was 

selected, which was deemed a brisk walk. The test was continuous in nature and consisted 

of 3-min stages in order for the participant to achieve a steady state, before increasing by 1 

km/h for the following stage. This repeated incrementally until volitional exhaustion.  

 

In Chapter 6, participants were asked to begin the maximum oxygen uptake test at a self-

selected brisk walking pace that they felt they could maintain comfortably for 30 min. The 

speed was then increased by 1 km/h every 3 min until volitional exhaustion. Maximal oxygen 

uptake was recorded as the highest V̇O2 value in ml/kg/min averaged over a 10 s period.  

 

3.8.3 Criteria for maximum oxygen uptake 

Maximal oxygen uptake was accepted as having been achieved upon meeting a V̇O2 

plateau or ≥ 2 of the following end-point criteria (Midgley et al., 2009):  

1) Heart rate within 10 bpm of age predicted maximum (220-age).  

2) Respiratory exchange ratio (RER) > 1.1.  
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3) RPE ≥ 18. 

 

3.9 Gas exchange analysis 

Pulmonary gas exchange was measured using an online, breath by breath gas analysis 

system (Cortex Metalyzer 3B, GmbH, Germany) calibrated daily for barometric pressure, 

temperature and humidity and operated according to manufacturer recommendations. 

Oxygen uptake for the respective stages from any test were determined by averaging V̇O2 

and V̇CO2 values from the last 30 s of each stage.  

 

3.10 Determination of experimental condition treadmill speeds 

To determine the treadmill speed equating to the desired workload in Chapters 5 and 6, the 

average of the last 30-sec V̇O2 utilisation relative to body mass (mL/kg/min) for each stage 

was plotted against the corresponding treadmill speed. Linear regression was then used to 

model a line of best fit for the relationship between V̇O2 and treadmill speed. This allowed 

determination of the treadmill speed required to elicit 60% and 85% V̇O2R (Study 2) or 65% 

V̇O2max (study 3). The coefficient of determination was R2 = >0.9 in all instances. 

 

3.11  Resting metabolic rate 

Chapter 4 measured resting metabolic rate (RMR) on the morning of each experimental 

condition in a fasted state. Participants laid in a semi-recumbent position for >10 min before 

a 10 min gas sample was obtained, whilst remaining awake. Data were extracted to 

Microsoft Excel 2017, where the latter 5 min average of oxygen consumption and carbon 

dioxide production was taken. These values determined RMR by using the abbreviated Weir 

equation (Weir, 1949): 

RMR = [(3.9 x V̇O2) + (1.1 x V̇CO2)] x 1440 min / day 

 

3.12 Physical activity energy expenditure  
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Physical activity energy expenditure (PAEE) was measured during conditions in Chapters 4 

to 6 using an Actiheart (CamNtech Ltd., Cambridge, UK). This device uses branched 

algorithms to calculate energy expenditure (EE) based on heart rate (HR) and tri-axial 

accelerometry data. The Actiheart has been validated for use in adults in laboratory and 

field-based settings whilst performing common activities that participants were anticipated to 

engage in during experimental conditions such as working on a computer, running and 

walking at different speeds, and standing (Crouter, Churilla and Bassett, 2008). The 

Actiheart was individually calibrated based on EE at set HR’s obtained from the submaximal 

and maximal oxygen uptake tests and V̇O2max values (Koehler et al., 2013; Crouter, Churilla 

and Bassett, 2008). This was achieved by applying indirect calorimetry data produced during 

sub-maximal and maximal treadmill tests to the Weir equation to determine EE (Weir, 1949). 

 

During experimental conditions, participants were fitted with the Actiheart prior to baseline 

blood sample collection and wore it until the end of the experimental period. A long-term 

recording option was selected with a 15-second epoch. Males had the Actiheart fitted just 

below the apex of the sternum (lower fitting) whereas females had it attached near to the 

third intercostal space (upper fitting). These two different sites produce no significant 

differences to estimates of energy expenditure (Brage et al., 2006). PAEE was calculated for 

each experimental condition using branched-chain modelling within the manufacturer’s 

software, Actiheart Software 4.0 (CamNtech Ltd., Cambridge, UK). Data collected was used 

to determine PAEE for each experimental condition in Chapters 5 and 6.  

 

3.13 Exercise and diet standardisation 

Due to the potential influence of dietary intake and exercise on metabolite and hormonal 

concentrations, participants were instructed to follow standardised protocol restrictions of no 

alcohol, caffeine or MVPA 48 h prior to each acute experimental condition (Chapters 4-6). As 

soon as possible after waking on the morning of an experimental condition, participants 
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consumed 500 mL of water and used a non-exertive mode of transport (car/bus/train) to 

commute to the laboratories.  

 

Participants also weighed and recorded the timing of all food and drink consumption in the 

24 h prior to their first experimental condition using digital scales (Salter 1036BKSSDR, 

HoMedics Group Ltd., Kent, UK). Participants were subsequently required to replicate the 

same volumes and timing of all food and drink intake in the 24 h preceding all remaining 

conditions. 

 

3.14 Standardisation of menstrual cycle 

Due to the complex interaction of sex hormones, eating behaviour, appetite and metabolism 

(Hirschberg, 2012; Gorczyca et al., 2016; Johnson et al., 1994), females were tested in the 

same phase of their menstrual cycle for all experimental conditions in studies 2 and 3. 

Females taking birth control measures were able to participate with no restrictions. The 

parameters measured within this thesis including glucose, insulin, HDL-C, acylated ghrelin 

and energy intake may alter through each stage of the menstrual cycle (Brennan et al., 

2009; Barr, Janelle and Prior, 1995; Buffenstein et al., 1995; Dafopoulos et al., 2009; 

Saxena, Seely and Goldfine, 2012). Therefore, failure to consider and control for this may 

cause misinterpretation of research outcomes (Schisterman, Mumford and Sjaarda, 2014). 

Despite this, many experimental sedentary behaviour trials involving pre-menopausal 

women measuring the aforementioned parameters fail to control for menses (Stephens et 

al., 2011) or do not detail whether menstrual cycle was controlled or considered (Tan et al., 

2014; Ueda et al., 2013; Altenburg et al., 2013; Bailey et al., 2016; Larsen et al., 2014; 

Dunstan et al., 2012b).  

 

The follicular phase (days 1-10 from the initiation of menses) is most detectable by 

participants (without the need for hormonal assessment) and hormone levels remain most 

stable during this time, making it the most appropriate phase to test within (Hagobian et al., 
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2013; Cadieux et al., 2014; Alajmi et al., 2016). Therefore, based on their expected start of 

menses, all females provided availability to attend the laboratories concurring with days 1-10 

days of commencing their follicular phase. Participants were instructed to notify the research 

team if any discrepancies in expected menstrual state occurred and the dates of 

experimental conditions were adjusted accordingly. 

 

3.15 Experimental condition meals 

 

3.15.1 Mandatory test meals 

The Chapter 4 test meals (low and high GI breakfasts) provided 1 g CHO per kg of body 

mass whilst being matched for macronutrient, energy and fluid content.  

 

In Chapters 5 and 6, participants’ daily resting energy expenditure (REE) was calculated 

after applying morning height, weight and age to the Mifflin equation (Mifflin et al., 1990) and 

adjusting by a 1.4 activity factor for a sedentary day: 

• Males:  REE = (10 x weight (kg)) + (6.25 x height (cm)) - (5 x age) + 5 

• Females:  REE = (10 x weight (kg)) + (6.25 x height (cm)) - (5 x age) – 161 

 

Test meals provided a percentage of these calculated energy requirements as specified in 

the relevant experimental study chapters. Specific food items and quantities are detailed in 

relevant experimental chapters. GI values of food items were obtained from the International 

Tables of Glycaemic Index and Glycaemic Load Values (Atkinson, Foster-Powell and Brand-

Miller, 2008). All test meals were consumed in an isolated food consumption room with no 

social influences. Food items were displayed to the participant in the same way for each 

condition using the same crockery and cutlery. All food provided was eaten and upon 

swallowing of the final mouthful, consumption time was recorded. The consumption times for 

test meals during the first condition were replicated as closely as possible in subsequent 
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conditions to minimise variance in postprandial responses (Shah et al., 2014; Shah et al., 

2015). 

 

3.15.2 Ad libitum buffet meals 

All buffet meals for Chapters 5 and 6 were consumed in an isolated food consumption room 

with no social influences with a time restriction of 30 min. A wide range of cold food items 

were provided in a quantity that exceeded expected consumption. However, participants 

were able to communicate with the researcher if they required additional food items. Each 

buffet meal was presented identically during experimental conditions using the same 

crockery and cutlery. Participants were not made aware of the purpose of the buffet meal. 

They were given simple instructions to “eat as much as they like until comfortably full and 

satisfied”.  

 

Leftover buffet items were weighed individually with digital scales (Salter 1036BKSSDR, 

HoMedics Group Ltd., Kent, UK) and energy intake determined by the weighted difference of 

the buffet items before and after consumption. The total energy and macronutrient content of 

the items consumed were calculated using nutritional values provided by the products’ 

manufacturer. 

 

3.16 Visual analogue scales 

Perceived appetite was measured using a validated 100 mm VAS (VAS; Flint et al., 2000), 

which is widely used to assess subjective appetite in this field (Stensel, 2010). VAS scales 

were completed immediately prior to blood sample collections in a fasted state, and routinely 

every 30 min in the postprandial state. The VAS scale assesses appetite perceptions across 

four categories: hunger, satisfaction, fullness and prospective food consumption (PFC). This 

is achieved by assessing the level of agreement with two polar statements at each end of a 

100 mm scale (appendix 4):  
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• Hunger = ‘How hungry do you feel?’ (‘I am not hungry at all’ vs. ‘I have never been 

more hungry’)  

• Satisfaction = ‘How satisfied do you feel?’ (‘I am completely empty’ vs. ‘I cannot eat 

another bite’) 

• Fullness = ‘How full do you feel?’ (‘Not at all full’ vs. ‘Totally full’)  

• PFC = ‘How much do you think you can eat?’ (‘Nothing at all’ vs. ‘A lot’).  

 

Overall appetite was calculated for each time point as the mean of the four appetite 

parameters after inverting satisfaction and fullness values (Stubbs et al., 2000): 

 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 =
ℎ𝑢𝑛𝑔𝑒𝑟 + (100 − 𝑠𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛) + (100 − 𝑓𝑢𝑙𝑙𝑛𝑒𝑠𝑠) + 𝑃𝐹𝐶

4
 

 

3.17 Blood collection procedures 

In Chapter 4, capillary blood samples were obtained via finger prick using an automated 

lancet. During study 1, blood samples were collected in the fasted state and regularly in the 

postprandial period. A volume of 400-600 L whole blood was collected at each time point 

into two microvettes (Greiner Bio-One, Austria). Due to the volume of capillary blood 

required, participants submersed their hand in warm water for ~2 min prior to each sample 

being obtained to allow for quicker bleeding. For study 4, 15-40 μL of non-fasted whole 

blood was collected into a single-use pipette for immediate determination of cholesterol (total 

cholesterol, HDL-C, LDL and triglycerides).  

 

In Chapters 5 and 6, venous blood samples were obtained. Participants were fitted with a 

cannula (Vasofix®, BBraun Medical Ltd, Sheffield, UK) inserted into an antecubital vein 

whilst in a seated position, which remained in situ for the duration of each experimental 

condition. Fasting and postprandial samples were taken periodically throughout each 

experimental condition into chilled 4 mL vacuettes (K3EDTA, Fisher Scientific, 
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Loughborough, UK) pre-treated with the anticoagulant agent Ethylenediaminetetraacetic 

acid (EDTA). 

 

3.18 Blood metabolite analysis 

3.18.1 Glucose 

In Chapters 4 to 6 glucose was analysed immediately after blood collection using the YSI 

2300 STAT plus glucose and lactate analyser (YSI Inc., Yellow Springs, OH, USA) from 30 

L whole blood. The YSI was calibrated at the start of every day and every 45 min 

thereafter. Chapter 4 measured glucose singularly whereas in Chapters 5 and 6, glucose 

was analysed in duplicate and the mean recorded. The coefficient of variation (CV) was 

calculated to determine the mean variation between samples (Hopkins, 2000). This method 

of assessing glucose was selected over more contemporary methods, such as continuous 

glucose monitoring, due to budget restraints and the necessity to use drawn blood for 

multiple outcome measures such as those detailed below. 

 

3.18.2 Lipids  

In Chapter 5, TG and HDL-C concentrations were analysed immediately following blood 

collection. For this, 40-μL of whole blood was dispensed onto each relevant test strip and 

concentrations determined using the Reflotron® Plus system (Roche Diagnostics, F. 

Hoffmann-La Roche Ltd., Burgess Hill, UK). The Reflotron® system was calibrated and 

checked on the morning of each condition and operated according to manufacturers’ 

recommendations. Precinorm materials were used on the Reflotron® system monthly to 

monitor accuracy and precision of the system by acting as quality controls with known 

concentrations of HDL-C and TG. 

 

In Chapter 6, TG concentrations were analysed with a spectrophotometer (GOP-PAP; 

Randox, Crumlin, Ireland), maintained according to manufacturer’s instructions. 

Commercially available kits were used for analysis (Randox Laboratories Ltd, Crumlin, UK). 
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All samples provided by each participant were analysed in the same run to eliminate inter-

assay variation. The spectrophotometer was calibrated immediately prior to any analyses 

using high and low-quality controls to determine measurement precision. 

 

Due to the field-based nature of data collection in Chapter 7, a portable point-of-care system 

was used to determine blood cholesterol concentrations (CardioChek® system, Polymer 

Technology Systems, Inc., IN, USA). This provides total cholesterol (TC), HDL-C, LDL and 

TG data within 2 min on a single test strip and is reliable for clinical screening in the field 

(Gao et al., 2016). Following manufacturer’s instructions, 15-40μL of whole blood was 

collected in a non-fasted state (Langsted, Freiberg and Nordestgaard, 2008) using an 

automated lancet and pipetted immediately after collection onto a test strip and inserted into 

the CardioChek® system. The performance of the device was tested on each data collection 

day using quality check strips. 

 

3.19 Plasma analysis 

For Chapter 4, whole blood was spun in a centrifuge before being aliquoted into two 

Eppendorf’s and frozen at -80 °C for later analysis of insulin concentrations. In Chapters 5 

and 6, immediately following blood collection, one EDTA Vacuette was centrifuged at 1500 × 

g for 10 min at 4 °C (Heraeus Multifuge X3R, Thermo Scientific, Loughborough, UK). The 

plasma supernatant was then aliquoted into separate 1.8 mL cryovials (Fisher Scientific, 

Loughborough, UK) and stored at −80 °C for later analysis of total PYY and insulin 

concentrations. To enable subsequent analysis of acylated ghrelin concentrations (Hosoda 

et al., 2004; Hosoda and Kangawa, 2012), 40-μL of potassium phosphate buffer, p-

hydroxymercuribenzoic acid, and sodium hydroxide solution was added to a second EDTA 

Vacuette to prevent acylated ghrelin degradation. After centrifugation, plasma supernatant 

was separated into a 15 mL centrifuge tube (Greiner Bio-One, Austria) before 100-μL of 1M 

hydrochloric acid was added per mL of plasma (Hosoda and Kangawa, 2012). This sample 
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was then centrifuged at 1500 × g for 5 min at 4 °C before being aliquoted into two 1.8 mL 

cryovials which were stored at -80 °C.  

 

Hormone concentrations were determined using the enzyme-linked immunosorbent assay 

(ELISA) technique. All ELISA kits were ordered in the same batch for each study and assay 

protocol adhered to manufacturers’ recommendations. Each hormone assay was conducted 

by the same researcher to negate any inter-experimenter variation. Samples from each 

individual participant were run on the same assay to eliminate inter-assay variation. Specific 

CV’s are detailed in each experimental chapter. A plate reader was used to assess 

absorbance (Infinite® 200 PRO, Tecan, Männedorf, Switzerland). Precision of each assay 

was determined by assessment of high and low concentration quality controls.  

 

All ELISA kits were commercially available. Plasma concentrations of insulin were analysed 

using a commercially available enzyme immunoassay (Mercodia, Uppsala, Sweden). To 

determine acylated ghrelin, samples were thawed prior to being diluted 1:5 in Eppendorf’s 

and mixed using a vortex immediately before being pipetted into relevant assay wells (Bertin 

Pharma, Montigny le Bretonneux, France). Total PYY was analysed using commercially 

available enzyme immunoassays (Merck Millipore, Watford, UK). 

 

3.20 Calculation of postprandial outcome variables 

To assess differences between conditions, the trapezoidal method was used to calculate 

area under the curve (AUC). Incremental AUC (iAUC) and total AUC (TAUC) were 

calculated in Microsoft excel for all blood metabolite and appetite variables (Brouns et al., 

2005), except for subjective appetite variables in which TAUC only was calculated in line 

with recommendations for assessing appetite in the field (Blundell et al., 2010). Positive 

incremental area under the curve (pAUC) was additionally calculated for Chapter 4, as 

recommended when assessing foods of a different glycaemic index (Brouns et al., 2005). 

Area under the curve using the trapezoidal method has often been used when assessing 
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postprandial responses as it enables evaluation of the cumulative response of each variable 

over a defined period of time (Le Floch et al., 1990; Lairon, Lopez-Miranda and Williams, 

2007). Additionally, the potential difference in results when using the trapezoidal rule are not 

clinically meaningful when compared with other methods which require more advanced 

computation (Le Floch et al., 1990) and it is important for future data pooling that there is 

some uniformity to methods used. 

 

3.21 Statistical analyses 

Statistical analyses were completed using the statistical software package IBM SPSS 

Statistics version 22.0 (SPSS Inc., Armonk, N.Y., USA). Prior to any inferential statistical 

analyses, normality and homogeneity of variance for all variables were checked using Q − Q 

plots and scatter plots, respectively. Standard graphical methods were preferred over null 

hypothesis significance testing to check statistical assumptions (Grafen and Hails, 2002). 

Where data violated normality assumptions, a log transformation (base 10) was conducted 

prior to analysis and back-transformed to standard units to allow meaningful presentation 

and interpretation of the results in text, figures and tables (Field, 2013). 

 

Linear mixed-effects models (LMM) were used to assess differences between conditions for 

each baseline and AUC parameter in all experimental chapters. The same covariates were 

used when assessing differences between experimental conditions to account for residual 

outcome variance. These included fixed factors (baseline metabolite values, age and body 

fat %) and a random factor (participants). Where males and females were recruited (Chapter 

5), gender was included as an additional covariate. The covariance structure used was that 

yielding the smallest Hurvich and Tsai’s criterion (AICC) after the correlation matrix of model 

residuals was determined to be symmetrical. 

 

The main effect of condition was analysed by plotting the mean values. Where a significant 

effect of condition was observed, adjusted post-hoc pair wise comparisons (Sidak) were 
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performed to determine where the differences existed. Prior to interpretation of the data, 

normal distribution of the residuals from each model was assessed using Q − Q plots to 

verify model integrity. The two-tailed alpha level for significance testing was set as p < 0.05. 
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Chapter 4: Study One 

The effects of breaking up prolonged sitting following consumption of a high 

or low glycaemic index breakfast on postprandial cardiometabolic risk 

markers and subjective appetite. 
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4.1 Introduction 

Postprandial glycaemia and insulinaemia are biomarkers indicative of cardiometabolic 

disease risk (O'Keefe and Bell, 2007; Blaak et al., 2012). The rise in the number of 

individuals with cardiometabolic diseases may, in part, be due to repeated exposure to 

hyperglycaemic events, which proportionately exacerbates oxidative stress and vascular 

inflammation (Ceriello and Motz, 2004; Yan, 2014). Of note, dietary choices, sedentary 

behaviour and PA levels have been postulated to affect postprandial cardiometabolic risk 

markers (Tuomilehto et al., 2001). Therefore, it is pertinent to investigate the interaction 

between these different lifestyle factors and postprandial metabolism.  

 

High volumes of sedentary behaviour, particularly accumulated in long, uninterrupted bouts, 

are cross-sectionally associated with poorer cardiometabolic health, regardless of PA levels 

(Bellettiere et al., 2017; Healy et al., 2008). The acute benefits of breaking up prolonged 

sedentary bouts with PA in the postprandial period has received much attention in recent 

years (Benatti and Ried-Larsen, 2015). Subsequently, there now exists a myriad of acute 

experimental studies that have observed beneficial effects of breaking up prolonged sitting 

on postprandial glucose and insulin concentrations (Dempsey et al., 2016b). Of note, 

Dunstan et al. (2012b) observed that engaging in 2-min light or moderate-intensity walking 

every 20-min attenuated postprandial glucose and insulin concentrations in overweight and 

obese adults by 24 and 30%, respectively. Mirroring this pattern of sedentary breaks, two 

further studies by Bailey et al. (2016; 2015) observed attenuations of postprandial glucose 

by light and moderate-intensity walking breaks for 2 min every 20 min of 16% and 48%, 

respectively, when compared with uninterrupted sitting. Findings from this field of acute 

experimental trials show that the magnitude of response to breaking up prolonged sitting 

with PA varies between many studies. This is potentially due to differences in the intensity, 

frequency and/or duration of the PA breaks used. PA breaks of light intensity appear to be 

sufficient to evoke attenuations of postprandial metabolic responses in overweight and 

obese adults (Dunstan et al., 2012b). However, moderate-intensity PA breaks in healthy 
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adults results in significantly stronger effects than light-intensity (Bailey and Locke, 2015; 

Bailey et al., 2016). Despite this, there are also other factors beyond the nature of the PA 

break that should be considered, such as the composition of test meals provided during 

experimental conditions and timing of blood sample collection in relation to PA bouts.  

 

The glycaemic index (GI) of foods refers to the rate of absorption of dietary carbohydrate 

(CHO) into the bloodstream (Jenkins et al., 1981). Low GI meals elicit a steady increase in 

blood glucose compared with high GI meals (Jenkins et al., 1981). Therefore, consumption 

of low GI mixed meals may be an effective strategy to attenuate postprandial glycaemia and 

insulinaemia. In addition to this, low GI meals may increase satiety signalling, potentially due 

to the increased dietary fibre that typically accompanies low GI food items, as well as the 

slower absorption of CHO (Arvidsson-Lenner et al., 2004). Acute experimental trials have so 

far failed to show an effect of breakfast GI on subsequent energy intake in healthy adult 

populations (Sun et al., 2016). However, the combined effects of PA breaks and breakfast GI 

on subjective appetite and postprandial glucose and insulin has not been explored. 

 

A limitation of some experimental studies investigating the effects of breaking up sitting on 

postprandial glycaemia and insulinaemia is the use of liquid test meals high in carbohydrate 

and fat, with negligible protein or fibre content (Dunstan et al., 2012b; Bailey et al., 2016; 

Bailey and Locke, 2015; Peddie et al., 2013). Though this elicited a glucose response which 

has scope to inform future interventions, it is not representative of a typical breakfast meal 

consumed in free-living conditions. Additionally, the GI of these test meals was not reported. 

It may be that breaking up sitting is only beneficial following a meal which induces a high 

glycaemic response that might not be replicated in free living situations. Therefore, it is 

important to ascertain whether breaks in prolonged sitting are effective in suppressing 

postprandial glycaemia following a low or high GI meal. 
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The purpose of this study was therefore to investigate the effects of breaking up prolonged 

sitting with moderate-intensity PA breaks following a high or low GI meal on postprandial 

glucose, insulin and appetite responses. It was hypothesised that a low GI meal combined 

with PA breaks would suppress all outcome variables more than a high GI meal followed by 

uninterrupted sitting. 

 

4.2 Methods 

Study design 

This study was a randomised crossover design study consisting of four 4 h experimental 

conditions. The study was approved by the University of Bedfordshire Institute for Sport and 

Physical Activity Research Ethics Committee (see appendix 2). All testing procedures took 

place at the University of Bedfordshire Sport and Exercise Science Laboratories.  

 

Participants  

Participants were recruited from the University student population via word of mouth and 

advertisement in teaching sessions (see section 3.3). Fourteen young adult males meeting 

the studies’ eligibility criteria (see section 3.4) volunteered to participate in this study. 

 

Sample size calculations  

Sample size calculations were completed using methods described previously (see section 

3.2). Glucose positive iAUC was the primary outcome. Sample size was determined based 

on the findings from Bailey and Locke (2015), which reported a 16% attenuated glucose 

TAUC response to breaking up sitting every 20-min for 2-min with light walking. This study 

was chosen because the sample recruited were also healthy young adults and the breaks in 

sitting time were of the same pattern to the current study design (2-min every 20-min). 

Allowing for the same intervention effect, a 10% within-group error variance, an intra-

individual correlation of 0.6 (calculated from Bailey and Locke (2015)), 80% power (Guo et 

al., 2013) and an alpha value of 0.05, resulted in a required sample of 12. This was inflated 
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to 14 to accommodate potential drop-out due to the number of visits required by the study 

design.  

 

Preliminary visit 

Upon enrolment, participants were invited to complete a preliminary visit to the laboratories. 

During this visit, participants were familiarised with the laboratory environment and 

anthropometric data was then obtained (see section 3.5) prior to the completion of a 

submaximal treadmill test as described in section 3.8.1. Participants were also issued with 

weighing scales and explained how to log their food diary for the day preceding their first 

experimental condition (see section 3.13).   

 

Experimental conditions 

Participants completed four experimental conditions, separated by >6 days and completed in 

a counterbalanced order using an incomplete Latin Square method. The conditions were as 

follows: 

• LGI-ACT – Participants consumed a low GI breakfast prior to breaking up sitting 

bouts every 20 min with 2 min walking at a moderate intensity (RPE 12) using a 

motorised treadmill.  

• LGI-SIT – Participants consumed a low GI breakfast before sitting continuously at a 

desk for 4 h, rising only to void. 

• HGI-ACT – The same as LGI-ACT, but consuming a high GI breakfast meal. 

• HGI-SIT – The same as LGI-SIT, but consuming a high GI breakfast meal. 

 

Participant’s adhered to pre-condition diet and lifestyle restrictions during the 48 h preceding 

each experimental condition visit as outlined in section 3.13. On the morning of each 

experimental condition, participants arrived in a fasted state at approximately 08:00 hrs. 

Upon arrival at the laboratory, participants were asked to verbally confirm that they had 
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adhered to all pre-condition restrictions and protocols. After confirmation, participants were 

instructed to rest for 30-min before providing a 10-min expired air gas sample to determine 

resting metabolic rate (see section 3.11). Following this, participants were fitted with an 

Actiheart as detailed in section 3.12. Then, fasting capillary blood samples and subjective 

appetite were obtained as described in sections 3.17 and 3.16, respectively. 

  

Following baseline measures, participants were asked to void prior to consuming a low or 

high GI test meal providing 1 g carbohydrate per kg body mass under test conditions 

described previously (see section 3.15.1). The meals were matched for energy, 

macronutrient and fluid content. The high GI breakfast consisted of cornflakes, skimmed 

milk, white bread and strawberry jam (calculated glycaemic index: 78). The low GI breakfast 

consisted of muesli, semi-skimmed milk, apple and peaches (calculated glycaemic index: 

47). The 4 h postprandial period commenced upon swallowing of the last mouthful of food 

provided in the test meal. Capillary blood samples were obtained at 15, 30, 45, 60, 90, 120, 

180 and 240 min, and subjective appetite was recorded every 30 min (see section 3.16). 

During each condition, participants were free to work on computers or laptops, read or 

converse, whilst remaining in a seated position. Water was provided as described in section 

3.15. Figure 4.1 portrays the experimental protocol. 
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Figure 4.1. Schematic of protocol for experimental conditions. 

 

 

Biochemical analyses 

Blood metabolites were assessed using methods described previously (see sections 3.18). 

Plasma insulin concentrations were determined using a commercially available ELISA kit 

(see section 3.19). The intra assay coefficient of variation for glucose and insulin were 2.3% 

and 9.2%, respectively. 

 

Statistical analyses  

Statistical test procedures are detailed in section 3.21. Glucose and insulin AUC were the 

dependant variables. TAUC was analysed for each appetite parameter. All models included 

age, body fat % and the respective baseline values for each dependant variable. 

 

4.3 Results 

Fourteen young, healthy adult males completed all four experimental conditions. Participant 

characteristics are detailed in Table 4.1. Changes in glucose and insulin during experimental 

conditions are depicted in Figure 4.2. All fasting and AUC outcomes for biochemical 

variables are shown in Table 4.2 

 

Table 4.1 Participant characteristics 

Characteristics Mean ± SD 

Age (years) 22.1 ± 1.2 

Height (cm) 176.7 ± 6.6 

Weight (kg) 78.5 ± 13.1 

Body mass index (kg/m2) 25.0 ± 3.1 

Body fat (%) 17.2 ± 5.2 
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Resting metabolic rate (j/kg/min) 63.5 ± 13.1 

 

 

Glucose responses 

Fasting glucose values did not differ significantly between conditions (P=0.996). Compared 

with HGI-SIT (2.88 mmol/L∙4 h [2.49-3.28]), postprandial glucose pAUC was 36% lower in 

LGI-ACT (2.01 mmol/L∙4 h [1.61-2.40], P=0.002; d=2.23), 30% lower in HGI-ACT (2.13 

mmol/L∙4 h [1.74-2.53], P=0.012; d=1.91) and 25% lower in LGI-SIT (2.25 mmol/L∙4 h [1.85-

2.64], P=0.043; d=1.63). Cohen’s d effect sizes were large (all d > 0.8) for each of these 

differences. No significant differences were observed between any of the other trial 

conditions (all P>0.877). Glucose iAUC and TAUC were also significantly higher in HGI-SIT 

than the HGI-ACT, LGI-SIT and LGI-ACT conditions (p=0.023, p=0.020 and p=0.001, 

respectively). There was no difference between any other trial conditions. Changes in 

glucose during each experimental condition are shown in Figure 4.2. 

 

Insulin responses 

Fasting insulin concentrations did not differ significantly between conditions (P=0.870). 

Plasma insulin pAUC, iAUC and TAUC did not differ significantly between conditions 

(P=0.531, 0.532 and P=0.639, respectively). Changes in insulin over time in each condition 

are shown in Figure 4.2.  
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Figure 4.2. Changes in postprandial blood glucose (a) and plasma insulin (b) concentrations 

during each experimental condition. Data are mean and 95% confidence interval. Some 

error bars have been omitted for clarity. LGI-ACT, low glycaemic index breakfast  followed 

by 2-min moderate-intensity physical activity every 20-min; LGI-SIT, low glycaemic index 

breakfast  followed by prolonged sitting; HGI-ACT, high glycaemic index breakfast  followed 

by 2-min moderate-intensity physical activity every 20-min ; HGI-SIT, high glycaemic index 

breakfast  followed by prolonged sitting. 
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Table 4.2 Biochemical values for each condition 

 HGI-SIT LGI-SIT HGI-ACT LGI-ACT 
Main effect 

of condition 

Fasting glucose (mmol/L) 4.38 (4.22, 4.53) 4.37 (4.22, 4.52) 4.39 (4.23, 4.54) 4.31 (4.16, 4.46) 0.735 

Fasting insulin (μU/mL) 7.38 (5.80, 8.97) 8.76 (7.17, 10.35) 8.55 (6.96, 10.14) 6.76 (5.17, 8.35) 0.531 

Glucose pAUC (mmol/L∙4 h) 2.88 (2.49, 3.28) 2.25 (1.85, 2.64)* 2.13 (1.74, 2.53)* 2.01 (1.61, 2.40)* 0.004 

Insulin pAUC (μU/mL∙4 h) 60.31 (48.61, 72.01) 55.05 (43.26, 66.84) 58.09 (46.36, 69.83) 52.03 (40.18, 63.89) 0.554 

Glucose iAUC (mmol/L∙4 h) 2.76 (2.17, 3.35) 1.71 (1.12, 2.30)* 1.98 (1.39, 2.57)* 1.54 (0.95, 2.13)* 0.023 

Insulin iAUC (μU/mL∙4 h) 57.57 (45.87, 69.27) 51.13 (39.43, 62.83) 55.90 (44.20, 67.60) 49.38 (37.68, 61.08) 0.532 

Glucose TAUC (mmol/L∙4 h) 20.25 (19.83, 20.68) 19.28 (18.85, 19.70)* 19.51 (19.08, 19.94)* 18.80 (18.38, 19.22)* 0.001 

Insulin TAUC (μU/mL∙4 h) 88.56 (76.62, 100.51) 83.45 (71.41, 95.48) 88.02 (76.04, 100.00) 79.78 (67.67, 91.87) 0.639 

Data presented as mean (95% CI). GI, glycaemic index; pAUC, positive incremental area under the curve; iAUC, incremental area under the curve; 

TAUC, total area under the curve. Bold text refers to a significant effect (P<0.05).*Significant difference compared with HGI-SIT (p < 0.05). 
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Appetite responses 

Fasting values for each subjective appetite variable were similar between all conditions (see 

Table 4.3. There was no significant main effect of condition on any AUC appetite parameter 

(see Table 4.3). Figure 4.3 shows the changes in overall appetite between each condition. 

 

 

Figure 4.3. Perceived changes in overall appetite derived using visual analogue scales 

(VAS) during each experimental condition. Intermediary error bars have been omitted for 

clarity. 
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Table 4.3. Baseline and AUC values for appetite variables during each condition 

 HGI-SIT LGI-SIT HGI-ACT LGI-ACT 
Main effect of 

condition 

Baseline      

Hunger (mm) 78.7 (71.9, 85.5) 78.4 (71.6, 85.2) 81.1 (74.3, 87.9) 79.9 (73.1, 86.6) 0.901 

Satisfaction (mm) 12.3 (8.2, 16.4) 11.7 (7.6, 15.8) 15.4 (11.2, 19.5) 13.6 (9.4, 17.7) 0.343 

Fullness (mm) 8.4 (4.8, 12.1) 9.4 (5.8, 13.1) 12.6 (9.0, 16.3) 10.3 (6.6, 13.9) 0.269 

PFC (mm) 86.9 (80.9, 92.9) 88.2 (82.2, 94.2) 87.2 (81.2, 93.2) 86.5 (80.5, 92.5) 0.966 

Overall appetite (mm) 86.2 (82.0, 90.5) 86.4 (82.1, 90.7) 85.1 (80.8, 89.3) 85.6 (81.4, 89.9) 0.947 

AUC responses (mm∙4 h)      

Hunger TAUC 224.3 (191.8, 256.7) 228.5 (196.1, 260.9) 230.3 (197.9, 262.8) 219.1 (186.6, 251.5) 0.845 

Satisfaction TAUC 162.6 (128.9, 196.3) 153.1 (119.4, 186.9) 158.2 (124.3, 192.1) 168.0 (134.3, 201.6) 0.765 

Fullness TAUC 151.4 (115.4, 187.4) 151.4 (115.6, 187.3) 153.2 (117.0, 189.3) 159.5 (123.7, 195.3) 0.938 

PFC TAUC 252.2 (217.0, 287.5) 254.5 (219.2, 289.9) 263.3 (228.0, 298.6) 240.7 (205.4, 276.0) 0.487 

Overall appetite TAUC 240.4 (206.8, 274.0) 244.4 (210.8, 278.0) 246.0 (212.4, 279.6) 233.2 (199.6, 266.7) 0.791 

Data are presented as mean (95% CI). GI, glycaemic index; PFC, prospective food consumption. TAUC, total area under the curve; iAUC, incremental 

area under the curve. 
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4.4 Discussion 

The main findings of this study were that a high GI meal followed by uninterrupted sitting 

resulted in significantly higher glucose responses than HGI-ACT, LGI-SIT and LGI-ACT 

conditions. A novel finding was that PA breaks attenuated postprandial glycaemia following a 

high GI meal, whereas PA breaks following a low GI meal did not, in comparison with 

uninterrupted sitting. This suggests that glucose absorption is exacerbated after 

consumption of a high GI meal followed by prolonged sitting. It is plausible that the 

effectiveness of PA breaks was diminished due to the lower glucose response in the low GI 

meal conditions. Previous work has observed a suppression of postprandial glycaemia when 

engaging in regular PA breaks (Bailey et al., 2016; Bailey and Locke, 2015; Dunstan et al., 

2012b; Dempsey et al., 2016a; Henson et al., 2016). However, the meals provided in these 

trials typically contained a high CHO content, with several incorporating a liquid test meal. 

This observation suggests that, in a healthy adult male sample, the effects of breaking up 

prolonged sitting may be negligible. This finding may not apply to less active or clinical 

populations who are typically at the unhealthy end of the metabolic risk spectrum (Homer, 

Owen and Dunstan, 2019), although this requires investigation. No information pertaining to 

the GI of the meals used in previous research was reported (Bailey et al., 2016; Bailey and 

Locke, 2015; Dunstan et al., 2012b; Dempsey et al., 2016a; Henson et al., 2016). The 

findings from the present study suggests that future research should report the GI of test 

meals to enable clearer understanding of how this factor might affect glycaemic response to 

PA breaks from sitting. 

 

No differences in insulin responses between any experimental conditions were observed in 

this study. The insulinaemic responses to breaking up sitting with moderate-intensity PA 

breaks observed in adults are mixed, with several experimental trials observing attenuated 

insulin concentrations (Dunstan et al., 2012b; Peddie et al., 2013) and others reporting no 

change (Bailey et al., 2016). Dunstan et al. (2012b) observed a 23% reduction in insulin over 

a 5 h period and Peddie et al. (2013) observed a 26% attenuation of postprandial 
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insulinaemia over a 9 h observation period compared with uninterrupted sitting. Conversely, 

Bailey et al. (2016) detected no suppression in insulin concentrations over a 5 h time period 

when breaking up sitting every 20-min with 2-min moderate-intensity walking breaks. Peddie 

et al. (2013) observed a significant reduction in postprandial insulin in a healthy adult 

population when engaging in 1 min 40 s PA breaks every 30 min. However, the sample 

recruited in the present study consisted of recreationally active young men who may have 

been better able to dispose of glucose under the same insulin concentrations compared with 

the participants from Dunstan et al. (2012b) who were middle-aged and overweight/obese. 

Thus, it is plausible that longer, more intense, or more frequent PA breaks may be required 

to detect meaningful suppressions in insulin in a healthy adult population.   

 

There were no differences in appetite responses between the low and high GI test meals 

during the uninterrupted sitting conditions. Appetite is regulated in a highly complex way and 

the responses to a single test meal may have been unsuitable to detect any meaningful 

change in subjective appetite, if one exists. Additionally, a more objective measure of 

appetite, such as acylated ghrelin or PYY, is warranted in future studies to detect any 

potential biochemical effects to different meals on appetite. However, appetite is partly 

regulated by the detection of macronutrient availability within the gastrointestinal tract 

(Suzuki, Jayasena and Bloom, 2011); thus is possible that the macronutrient-matched meals 

caused the same gut-peptide responses to each meal, which could have subsequently led to 

the same appetite responses to both meals. Future research should seek to assess whether 

this is the case. Low GI diets have been postulated as suppressing appetite and assisting 

with improved appetite regulation, potentially due to the slower and prolonged release of 

glucose, higher-fibre content and higher nutrient-density in most low GI foods (Rizkalla, 

Bellisle and Slama, 2002). In this study, it is possible that the 4 h experimental condition was 

not of sufficient length to detect any acute changes, or this type of diet may require more 

chronic adherence to evoke changes in appetite control (Thomas, Elliott and Baur, 2007).  
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The addition of PA breaks did not suppress appetite either. Only one published study to the 

author’s knowledge has observed a suppression in appetite acutely in response to PA 

breaks. Holmstrup et al. (2013b) observed that 12 x 5-min moderate-intensity cycling bouts 

over 12 h suppressed satiety levels in obese adults. Conversely, Bailey et al. (2016) 

observed no suppression in appetite markers during a 5 h experimental condition 

incorporating 2-min walks every 20-min for 5 h in healthy adults. It is not known whether the 

duration of the experimental condition, length of PA breaks, or differences in the samples 

recruited (obese versus normal weight) are the reason for this disparity. More research is 

required to further elucidate the factors influencing appetite in a healthy, sedentary 

population, and what the responses are to longer term interventions.  

 

It can be difficult to fully predict glycaemic responses due to the multitude of factors that can 

affect the GI of mixed meals, such as ripening of fruit, monosaccharide composition (e.g. 

glucose: fructose ratio) and fat and protein interactions (Arvidsson-Lenner et al., 2004; 

Brouns et al., 2005). It is important to note that the LGI conditions resulted in an initial 

glucose elevation that was higher than the HGI conditions. However, as GI is calculated 

based on the 2 h AUC responses and predictions of mixed meals from individual food items 

(Wolever and Jenkins, 1986), the shape of the response is not considered. Nonetheless, the 

significantly higher glucose responses to a high GI meal and prolonged sitting compared 

with a low GI meal and prolonged sitting verified that the meal GI’s were of sufficient 

disparity to test the study hypotheses. 

 

Strengths of the present study include the frequency of blood samples in the immediate 

postprandial period which captured the alterations in glucose and insulin. Additionally, the 

use of a mixed meal using popular food items means that the findings have more ecological 

validity than if a liquid meal had been utilised. Despite the strengths discussed, there are 

some potential limitations to this study. Firstly, the sample recruited were healthy, young and 

physically active adult men, thus the generalisability of the findings is indeterminate. 
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Secondly, the experimental conditions were over a 4 h period. Although this was sufficient to 

detect changes in postprandial glucose, the potential responses to multiple meals consumed 

over a longer observation period are unknown and warrant further investigation. The next 

two studies will address this issue including a second meal and extending the length of 

observation to reflect a typical working day. The broader discussion on the strengths and 

limitations will be furthered in chapter 8. 

 

In conclusion, regular PA breaks from prolonged sitting whilst in a controlled setting 

suppressed postprandial glycaemia following a high GI breakfast meal compared with 

prolonged sitting. A low GI breakfast meal also suppressed glucose with or without PA 

breaks compared with a high GI breakfast followed by prolonged sitting. There were no 

effects of breakfast GI or breaking up sitting on postprandial insulinaemia or subjective 

appetite. This emphasises the health benefits of consuming a low GI breakfast whilst also 

suggesting that the benefits of breaking up prolonged sitting with PA breaks are more 

impactful on postprandial metabolism following consumption of a high GI meal. 
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Chapter 5: Study Two 

The effects of breaking up prolonged sitting with hourly high-intensity 

physical activity breaks or an energy-matched continuous moderate-intensity 

physical activity bout on postprandial cardiometabolic risk markers and 

appetite regulation. 
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5.1 Introduction 

Cardiometabolic diseases, such as type 2 diabetes and cardiovascular disease (CVD), are 

highly prevalent in modern society (Bhatnagar et al., 2015). These diseases are associated 

with poor regulation of postprandial triglycerides, glucose and insulin, which can cause 

oxidative stress, inflammation, and endothelial dysfunction (O'Keefe and Bell, 2007). Thus, 

interventions to reduce postprandial elevations in these cardiometabolic disease risk 

markers are important, particularly as the waking day is predominantly spent in a 

postprandial state.  

 

Although engaging in ≥60 minutes per day of moderate intensity physical activity (PA) may 

offset the increased mortality risk associated with high sitting time (Ekelund et al., 2016b), 

higher total sedentary time and lower number of breaks in sedentary time are often 

associated with increased cardiometabolic disease risk, independent of moderate-to-

vigorous PA (MVPA; Healy et al., 2008; Wilmot et al., 2012). Acute experimental studies 

report beneficial postprandial triglyceride, glucose and insulin responses to breaking up 

prolonged sitting every 20-30 min with light or moderate-intensity PA (Bailey et al., 2017; 

Miyashita et al., 2016; Peddie et al., 2013). When sitting is broken up less frequently (i.e. 

hourly) with moderate-intensity cycling, postprandial glucose, triglyceride, and HDL-C 

concentrations were not affected compared with uninterrupted sitting (Altenburg et al., 2013; 

Holmstrup et al., 2013a). However, continuous moderate-intensity PA may not increase 

skeletal muscle GLUT4 expression and lipoprotein lipase activity to the same extent as high-

intensity PA (Gabriel et al., 2012; Richter and Hargreaves, 2013). Thus, although breaking 

up sitting with moderate-intensity PA every 30-min reduces postprandial glucose (Peddie et 

al., 2013), higher-intensity PA may be necessary if sitting is interrupted less frequently e.g. 

hourly. Additionally, the limited active muscle mass with hourly cycling PA breaks may have 

been insufficient for stimulating whole-body glucose and lipid metabolism (Altenburg et al., 

2013; Holmstrup et al., 2013a). 
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Breaking up sitting may have similar or more pronounced cardiometabolic effects than 

continuous moderate-intensity PA over a single day (Peddie et al., 2013; Miyashita et al., 

2016). Reductions in postprandial glucose and insulin concentrations were observed when 

sitting was broken up with moderate-intensity walking compared with a single, 30 min 

continuous energy and intensity-matched PA bout performed in the morning in healthy, 

normal weight adults (Peddie et al., 2013). Breaking up sitting with moderate-intensity 

walking also attenuated postprandial triglycerides to a similar extent as a 30 min continuous 

energy and intensity-matched PA bout performed in the morning in postmenopausal women 

(Miyashita et al., 2016). The postprandial cardiometabolic response to breaking up sitting 

with high-intensity PA compared with an energy-matched continuous moderate-intensity PA 

bout has not been studied in any population. This could give an alternative and more 

feasible approach to breaking up sitting if short, infrequent (i.e. hourly) PA breaks could 

benefit postprandial metabolism. 

 

It is pertinent to assess appetite regulatory markers when investigating the effects of 

breaking up sitting with short PA breaks versus a single continuous PA bout. It has 

consistently been demonstrated that PA accumulated in one bolus of >30 min suppresses 

subjective and gut peptides related to appetite (Schubert et al., 2013; Schubert et al., 2014). 

However, the acute effects of accumulating PA in short bouts is still in its infancy. Holmstrup 

et al. (2013b) observed elevated satiation levels over the course of their 12 h intermittent PA 

condition, but no change in appetite-suppressing PYY concentrations. Bailey et al. (2016) 

observed no effects on subjective or hormonal appetite regulation when sedentary adults 

engaged in 2 min walking bouts every 20 min at a low or moderate intensity, compared with 

a control condition. However, participants did not consume additional energy at an ad libitum 

buffet meal, resulting in a deficit of 600-1400 kJ compared with a control condition. The 

previous chapter incorporated a similar pattern of PA breaks from sitting and detected no 

effect on subjective appetite; but did not assess energy intake. Changes in appetite-

hormones have traditionally been observed from a 40 – 90 min bout of PA at a high intensity 



73 
 

(>70% V̇O2max), compared with a control condition (Schubert et al., 2014). Therefore, PA of a 

higher intensity may be required to observe acute alterations in appetite when accumulating 

PA in shorter bouts.   

 The aim of this study was to investigate the effects of breaking up sitting with high-intensity 

PA breaks compared with a single continuous moderate-intensity PA bout and uninterrupted 

sitting on postprandial cardiometabolic and appetite responses. The previous study 

highlighted that attenuations in postprandial glucose were greater following a test meal with 

a high glycaemic index. Therefore, the test meals provided within Chapters 5 and 6 reflected 

this. Additionally, subjective appetite values returned to fasting levels between 3 and 4 hours 

after the single test meal in Chapter 4. Therefore, the lunch test meal for this study was 

provided at 4 h to ensure that changes in subjective appetite spanned across the whole 8 h 

experimental period.  

 

5.2 Methods 

 

Study design 

This study was a randomised crossover trial with three separate conditions completed >6 

days apart. The study was approved by the University of Bedfordshire Institute for Sport and 

Physical Activity Research Ethics Committee (approval number 2015ISPAR004). All testing 

took place at the University of Bedfordshire Sport and Exercise Science Laboratories. 

 

Participants 

Participants were recruited from the university staff and student population using methods 

detailed in section 3.3. 14 adults (7 female) meeting the studies’ eligibility criteria (see 

section 3.4) volunteered to participate in this study. 

 

Sample size calculations  
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Sample size calculations were completed using methods described in section 3.2. A higher 

power of 90% was set in this study due to the addition of sex as a potentially confounding 

factor. Sample size estimations were based on postprandial glucose and triglyceride 

incremental area under the curve (iAUC). Based on an effect size of F = 0.61 for change 

in postprandial glucose (Bailey and Locke, 2015), 10% within-group error variance, a within-

person correlation of 0.6, 90% power, and α = 0.05, it was estimated that nine participants 

would be required for this study. Using these same parameters, but with an effect size 

of F = 0.45 for postprandial triglycerides (Miyashita, 2008), it was estimated that 12 

participants would be required. This was inflated to 14 to accommodate potential drop-out. 

 

Preliminary visit 

Participants who consented to take part in the study attended a preliminary visit during which 

anthropometric assessments took place (see section 3.5). To determine individual treadmill 

speeds for experimental conditions, participants completed a maximal treadmill test until 

volitional exhaustion. This process has been described previously (see section 3.8.2). Before 

leaving, participants received digital weighing scales and instructions on how to document 

their food and liquid consumption during the 24h preceding each experimental condition (see 

section 3.13).  

 

Treadmill speed calculation 

Each participants’ maximal exercise test results were used to determine the treadmill speeds 

needed for each experimental condition. Briefly, the average V̇O2 for the last 30 s of each 

treadmill test stage were plotted against the corresponding treadmill speed. A linear 

regression line was fitted to the data and the treadmill speed equating to 60 and 85% 

V̇O2Rmax was calculated. V̇O2R was used to ensure that the relative increase in effort 

between PA intensities were the same between participants (Dalleck and Dalleck, 2008). 

Using metabolic equations (American College of Sports and Pescatello, 2014), it was 
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calculated that 8 bouts of 152 s of PA at 85% V̇O2Rmax would elicit the same energy 

expenditure as a single 30-min PA bout at 60% V̇O2Rmax.  

 

Experimental conditions 

Participants completed three experimental conditions, separated by >6 days and completed 

in a counterbalanced order using an incomplete Latin Square method. The conditions were 

as follows: 

  

SIT Participants remained seated throughout the experimental period, rising 

only to void. 

CONT-SIT After 30-min rest, participants completed a 30-min continuous 

moderate-intensity PA bout (60% V̇O2R) followed by prolonged sitting for 

the remainder of the condition. 

SIT-ACT After 30-min rest, participants completed 2 min 32 s bouts of high-

intensity PA (85% V̇O2R) at 60-min intervals. This resulted in eight bouts 

equalling a total of 20 min 16 s high-intensity PA. 

 

Participants completed a weighed food diary and verbally confirmed adherence to pre-

condition diet and lifestyle protocols before the commencement of each experimental 

condition (see section 3.13). Additionally, an Actiheart was fitted on the morning of each 

experimental condition (see section 3.12). Due to the number of blood samples required, a 

cannula was inserted into an antecubital vein and fastened with medical dressing for the 

duration of the conditions (see section 3.17). Fasting blood samples and subjective appetite 

measures (VAS) were obtained, as described previously (see sections 3.17 and 3.16, 

respectively). A standardised breakfast meal was then consumed and the 8 h experimental 

condition commenced following the last mouthful. A lunch was also provided at 4 h. The 

standardised breakfast and lunch meals provided 15% and 30%, respectively, of individual 

daily energy requirements estimated using the Mifflin equation (Mifflin et al., 1990) with a PA 
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factor of 1.4 applied to represent a sedentary day (see section 3.15.1). Both meals consisted 

of cornflakes and whole milk, contained 55% carbohydrate, 30% fat, and 15% protein and 

had a high glycaemic index of 79. Both meals were consumed in isolation and in test 

conditions described previously (see section 3.15.1). Water was provided throughout the 

experimental conditions (see section 3.15). Participants were free to work on their laptop or 

a computer or read a book whilst remaining in a seated position. Blood samples were 

collected hourly, and VAS scales completed every 30 min throughout each condition. Figure 

5.1 depicts the experimental protocols.  

Figure 5.1. Schematic of study procedures during experimental conditions timeline. Grey 

shaded boxes indicate physical activity bouts. 

 

Following the final blood collection and VAS scales at 8 h, participants were provided ad 

libitum access to a cold buffet meal for 30-min in an isolated food consumption room with 

instructions from the researcher to consume food until they felt comfortably full (see section 

3.15.2). Food items were provided in the same quantities and weight for each buffet 

(Appendix 5). Food items were displayed in the same layout and using the same crockery 

and cutlery for each condition (see figure 5.2).  
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Figure 5.2. Standardised display of the buffet meal provided.  

 

 

A researcher remained outside of the food consumption room for the duration of each buffet 

meal and was contactable in the event that a participant wished to request additional food 

items. When participants were finished with the ad libitum buffet meal, they completed a 

VAS scale immediately before their cannula and Actiheart were removed and they were free 

to leave the laboratory. Leftover food items were weighed to determine food consumption.  

 

Biochemical analysis 

The determination of blood metabolites and gut-derived peptides have been described 

previously (see sections 3.18 and 3.19). Briefly, whole blood glucose was assessed 

immediately using the YSI 2300 STAT plus glucose and lactate analyzer (YSI Inc., Yellow 
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Springs, OH, USA). Blood TG and HDL-C concentrations were determined using the 

Reflotron Plus system (Roche Diagnostics, Burgess Hill, UK). Plasma insulin, acylated 

ghrelin and total PYY were determined using commercially available enzyme 

immunoassays. The assay coefficients of variation for glucose, insulin, acylated ghrelin and 

total PYY were 3.3%, 6.8%, 8.3% and 8.9%, respectively. 

 

Statistical analyses 

Data was analysed between experimental conditions using methods described previously in 

section 3.21. All metabolites and appetite-regulating hormones were analysed to assess 

differences between conditions for TAUC and iAUC outcomes. In addition to baseline 

values, participant age and body fat %, sex was used as an additional covariate to explain 

potential residual variance.  

 

5.3 Results 

Fourteen (7 female) participants completed all experimental conditions. Descriptive statistics 

of the sample are displayed in Table 5.1. Mean PAEE was similar between the two PA 

conditions (661kJ in CONT-SIT and 732kJ in SIT-ACT; p=0.236). 

 

Table 5.1. Participant characteristics 

Characteristics Male Female All participants 

Age (years) 34.9 ± 10.4 23.1 ± 3.7 29.0 ± 9.7 

Height (cm) 176.4 ± 4.7 169.2 ± 5.0 172.8 ± 5.9 

Weight (kg) 92.1 ± 18.1 64.9 ± 11.9 78.5 ± 20.4 

Body mass index (kg/m2) 29.5 ± 5.2 22.7 ± 4.5 26.1 ± 5.8 

Body fat (%) 25.6 ± 5.1 26.7 ± 9.7 26.1 ± 7.5 

Maximum oxygen uptake (mL·kg–1·min–1) 37.6 ± 5.2 39.6 ± 2.9 38.6 ± 4.2 

Values are presented as mean ± SD. 
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Cardiometabolic responses 

There were no significant differences between any fasting metabolites (Table 5.2). There 

was a significant main effect of condition for triglyceride iAUC (Table 5.3). Triglyceride iAUC 

was reduced by 2.23 mmol/L∙8 h in SIT-ACT compared with SIT (p=0.035) with a medium 

effect size for this difference (d=0.62). No significant difference was observed between SIT 

and CONT-SIT (p=0.361; d=0.35) or between CONT-SIT and SIT-ACT (p=0.580; d=0.27) 

with small effect sizes. There was a trend for triglyceride TAUC being lower in SIT- ACT than 

SIT (p=0.073). There was a significant main effect of condition for HDL-C iAUC with 

concentrations being 0.99 mmol/L∙8 h higher in SIT-ACT than SIT with a medium effect size 

(p=0.037; d=0.64). No significant differences were observed between SIT and CONT-SIT 

(p=0.813; d=0.20) or between CONT-SIT and SIT-ACT (p=0.211; d=0.44) with small effect 

sizes (Table 2). There was no main effect of condition for HDL-C TAUC. The main effect of 

condition for glucose and insulin iAUC and TAUC was not significant. 
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Table 5.2. Fasting biochemical values for each condition. 

 SIT CONT-SIT SIT-ACT 
Main effect 

of condition 

Triglycerides (mmol/mL) 1.24 (0.92, 1.56) 1.48 (1.16, 1.81) 1.29 (0.95, 1.62) 0.395 

HDL-C (mmol/mL) 1.10 (0.93, 1.27) 0.88 (0.71, 1.05) 0.99 (0.81, 1.16) 0.072 

Glucose (mmol/L) 4.32 (4.09, 4.55) 4.46 (4.23, 4.68) 4.33 (4.10, 4.55) 0.110 

Insulin (μU/mL) 8.02 (4.91, 11.10) 7.19 (4.08, 10.3) 10.2 (7.13, 13.4) 0.225 

Acylated ghrelin (pg/mL) 78.4 (49.9, 106.8) 82.5 (54.1, 110.9) 81.2 (52.7, 109.8) 0.738 

Peptide YY (pg/mL) 108.7 (77.8, 139.7) 106.0 (75.1, 136.9) 96.1 (64.2, 128.1) 0.700 

Values are expressed as mean (95% Confidence intervals). SIT, 8 hours prolonged sitting; 

CONT-SIT, sitting except for a 30-min continuous moderate-intensity physical activity bout 

30-min after the 1st test meal; SIT-ACT, sitting interspersed with 2 min 32 s high-intensity 

physical activity every hour. 

 

Appetite responses 

Satisfaction TAUC was significantly higher by 16% during SIT-ACT than CONT-SIT 

(p=0.021) but was not significantly different to SIT (p=0.092). Overall appetite TAUC was 

also significantly lower in SIT-ACT than CONT-SIT (p=0.018). There were no differences in 

hunger, fullness or PFC TAUC between Experimental conditions (see table 5.4). Energy 

intake at the ad libitum buffet meal was similar between conditions (p=0.833). Comparisons 

of relative energy intake revealed a main effect of condition (p=0.021), with there being a 

significantly lower REI in SIT-ACT compared with SIT (p=0.024).
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Table 5.3. Biochemical responses for each condition 

 SIT CONT-SIT SIT-ACT 
P value for main 

effect condition 

Fasting acylated ghrelin (pg/mL) 78.4 (49.9, 106.8) 82.5 (54.1, 110.9) 81.2 (52.7, 109.8) 0.738 

Fasting peptide YY (pg/mL) 108.7 (77.8, 139.7) 106.0 (75.1, 136.9) 96.1 (64.2, 128.1) 0.700 

Acylated ghrelin iAUC (pg/mL∙8 h) -55.1 (-142.4, 32.1) -48.4 (-135.6, 38.9) -66.6 (-154.4, 21.1) 0.769 

Acylated ghrelin TAUC (pg/mL∙8 h) 490.0 (402.7, 577.3) 496.8 (409.5, 584.0) 478.5 (390.7, 566.3) 0.769 

Total PYY iAUC (pg/mL∙8 h) 118.8 (-64.9, 302.6) 257.5 (73.8, 441.2) 166.1 (-20.6, 352.8) 0.136 

Total PYY TAUC (pg/mL∙8 h) 1004.0 (816.4, 1191.7) 1145.6 (958.4, 1332.8) 873.5 (673.9, 1073.0) 0.125 

Data are mean (95% CI). SIT, prolonged sitting; CONT-SIT, continuous moderate-intensity physical activity followed by prolonged sitting; SIT-ACT, 

sitting interrupted with high-intensity physical activity; TAUC, total area under the curve; iAUC, incremental area under the curve. 
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Table 5.4. Appetite responses for each condition 

 SIT CONT-SIT SIT-ACT 
P value for main 

effect condition 

Subjective appetite     

Hunger TAUC (mm · 8h) 350.9 (281.6, 420.2) 390.0 (321.5, 458.5) 348.7 (279.9, 417.4) 0.193 

Satisfaction TAUC (mm · 8h) 414.2 (334.6, 493.8) 368.5 (288.9, 448.1) 427.3 (347.7, 506.9)* 0.018 

Fullness TAUC (mm · 8h) 407.6 (329.3, 485.9) 369.1 (291.2, 447.1) 419.2 (341.2, 497.2) 0.114 

PFC TAUC (mm · 8h) 440.9 (371.8, 510.0) 461.3 (392.4, 530.2) 412.5 (343.6, 481.3) 0.076 

Overall appetite TAUC (mm · 8h)  409.9 (336.2, 483.5) 457.1 (383.4, 530.7) 407.7 (334.0, 481.3)* 0.008 

Energy intake     

Buffet energy intake (kJ) 3874 (3212, 4536) 3960 (3298, 4621) 3804 (3142, 4466) 0.833 

PAEE (kJ) - 661 (476, 828) 732 (539, 891) 0.236 

Relative energy intake (kJ) 3852 (3134, 4569) 3290 (2565, 4015) 3092 (2367, 3818) 0.021 

Data are mean (95% CI). SIT, prolonged sitting; CONT-SIT, continuous moderate-intensity physical activity followed by prolonged sitting; 

SIT-ACT, sitting interrupted with high-intensity physical activity; TAUC, total area under the curve; PAEE, Physical activity energy 

expenditure. *Significant difference between SIT-ACT and SIT (p < 0.05). 
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5.4 Discussion 

The novel findings of this study were that breaking up sitting with short, hourly bouts of high-

intensity PA lasting 2-min 32 seconds each improved postprandial triglyceride and HDL-C 

concentrations compared with uninterrupted sitting and a continuous moderate-intensity PA 

bout followed by prolonged sitting. Additionally, satisfaction was elevated, and overall 

appetite was suppressed when engaging in high-intensity PA breaks compare with a 

continuous moderate-intensity PA bout. The reduction in postprandial triglyceride 

concentrations in response to breaking up sitting with high-intensity PA is congruent with 

previous research where post-menopausal women engaged in moderate-intensity walking 

for 1 min 30 s every 15 min (Miyashita et al., 2016) and obese men who engaged in 

moderate-intensity cycling for 3-min every 30-min (Miyashita, 2008). However, other studies 

where sitting was broken up with moderate-intensity walking for 1 min 40 s every 30 min in 

healthy, normal weight adults (Peddie et al., 2013) and moderate-intensity cycling for 8-min 

every hour in young healthy adults (Altenburg et al., 2013) did not attenuate postprandial 

triglycerides. This may be because the combination of frequency, duration and intensity of 

PA breaks from sitting were not sufficient. Alternatively, metabolically healthy participants 

may not respond to interruptions in sitting (Altenburg et al., 2013; Peddie et al., 2013) 

compared with postmenopausal women (Miyashita et al., 2016), obese men (Miyashita, 

2008), and our sedentary and inactive sample who had a relatively high body fat level. 

Furthermore, attenuation of postprandial triglyceride concentrations in response to breaking 

up sitting with moderate-intensity PA may be delayed due to the activity of lipoprotein lipase 

typically peaking 8-22 h after a single bout of moderate-intensity PA (Greiwe, Holloszy and 

Semenkovich, 2000). Given the findings of the present study, it is possible that breaking up 

sitting regularly may acutely attenuate the decrease in lipoprotein lipase activity that occurs 

rapidly in response to physical inactivity in animal models (Bey and Hamilton, 2003). Thus, 

further research examining lipoprotein lipase in response to breaking up sitting in humans 

would be valuable. 
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The increase in postprandial HDL-C net iAUC in response to breaking up sitting may be due 

to triglyceride-rich lipoproteins undergoing hydrolysis and losing surface phospholipids that 

are acquired by HDL-C (Lewis and Rader, 2005). This increase was not shown in previous 

studies that measured HDL-C only at the end of the experimental periods (Engeroff et al., 

2017; Bailey and Locke, 2015), indicating that regular measurements across the 

postprandial period may be required to detect significant or potentially meaningful changes. 

In contrast to the present findings, a decrease in HDL-C and increase in triglycerides has 

been reported in response to breaking up sitting every 40-min with 6-min high-intensity (70% 

V̇O2max) cycling bouts in young females (Engeroff et al., 2017). Thus, treadmill PA, which is 

weight-bearing and incorporates upper and lower body muscle contractions, as used in the 

present study, may be necessary to benefit lipid metabolism (Engeroff et al., 2017). 

However, HDL-C TAUC did not differ between conditions in the present study. Thus, net 

iAUC, where only the data above baseline are included and the data that drop below 

baseline are subtracted from the response, may be more sensitive for detecting between-

condition effects. Although iAUC is most appropriate for describing postprandial lipaemic 

responses (Carstensen, Thomsen and Hermansen, 2003), TAUC may have physiological 

relevance and should be examined in future research. 

 

The present study did not observe a beneficial change in postprandial lipids in response to a 

single continuous bout of moderate-intensity PA with a duration and intensity that aligned to 

current PA guidelines (Department of Health, 2019). Similar to the present study, 

postprandial triglyceride concentrations were not attenuated in response to a continuous 30-

min moderate-intensity walking bout compared with prolonged sitting (Peddie et al., 2013). 

However, other research has reported beneficial triglyceride responses to both continuous 

30-min moderate-intensity PA bouts and breaking up sitting with ten, 3-min bouts of 

moderate-intensity PA every 30-min in healthy (Miyashita, Burns and Stensel, 2008) and 

obese males (Miyashita, 2008). Importantly, the postprandial test meal challenge in these 

two studies (Miyashita, 2008; Miyashita, Burns and Stensel, 2008) were performed 17-h 
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following PA engagement, which may have permitted a longer duration for lipid metabolism 

in the presence of elevated lipoprotein lipase activity (Greiwe, Holloszy and Semenkovich, 

2000). Collectively, these findings suggest that reductions in postprandial lipaemia do not 

occur during a 7-8 h sitting period after engagement in a continuous 30-min moderate-

intensity PA bout. 

 

Breaking up sitting with hourly high-intensity PA did not affect postprandial glucose or 

insulin, which is in agreement with previous research where sitting was interrupted hourly 

with 8-min moderate-intensity cycling (Altenburg et al., 2013). However, the majority of 

research has reported beneficial glucose and insulin responses to breaking up sitting with 

light or moderate-intensity PA for 2-5 min every 20-30 min (Bailey and Locke, 2015; Peddie 

et al., 2013). Thus, the hourly breaks in sitting time in the present study and previous 

research (Altenburg et al., 2013) may not have been frequent enough to upregulate the 

physiological mechanisms responsible for glucose disposal, such as translocation of the 

intracellular glucose transporter protein GLUT-4 and permeability of muscles cells to glucose 

(Latouche et al., 2013).  

 

This study observed an increase in satiety levels when sitting was broken up with hourly 

high-intensity PA bouts, compared with uninterrupted sitting. It is well established that 

appetite can be suppressed during and in the immediate hours after a continuous bout of 

MVPA lasting >30 min (Stensel, 2010). However, to date only one study has observed 

elevated satiety when engaging in short-duration, frequent PA breaks. Holmstrup et al. 

(2013b) observed elevated satiety levels in response to short-duration, moderate-intensity 

cycling bouts (5 min) every 30 min over a 12 h period in obese adults. Conversely, Bailey et 

al. (2016) detected no changes in appetite in healthy individuals who engaged in 2-min of 

light or moderate-intensity walking bouts every 20 min for 5 h. This suggests that sedentary 

adults may only experience suppressed appetite if the intensity of PA breaks is sufficiently 

high. This study also found that satiety was higher and overall appetite lower in response to 
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hourly high-intensity PA breaks over the course of an 8 h experimental condition compared 

with a single 30 min moderate-intensity PA bout in the morning. However, it is not possible to 

determine whether it was the intensity of the PA bouts, or the number of separate bouts over 

the duration of the observation period that was most influential causing this change in 

appetite. More research is required to explore the effects of these different factors, although 

breaking up sitting with high-intensity PA could be tentatively be suggested as a potential 

strategy for acutely reducing appetite. 

 

Although appetite was suppressed in response to hourly high-intensity Pa bouts, there was 

no subsequent effect on ad libitum energy intake, which is in line with previous research 

(Bailey et al., 2016). Bailey et al. (2016) observed no change in ad libitum energy intake after 

engaging in 2 min walking bouts of light and moderate intensities every 20 min. This study 

strengthens previous findings by demonstrating that high-intensity PA breaks also do not 

acutely result in any compensatory increase in subsequent energy intake. Due to the similar 

energy intakes at the buffet meal, relative energy intake (energy intake after subtracting 

physical energy expenditure induced by the PA bouts) was significantly lower following 

hourly high-intensity PA breaks and a single moderate-intensity PA bout compared with 

uninterrupted sitting, meaning that the energy expenditures from both PA conditions were 

not compensated for acutely. Future research should assess if such relative energy deficits 

could occur over longer time periods and help with weight management.  

 

In this study, there was no change in any of the appetite-related hormones between 

conditions. These findings are congruent with the two studies assessing short duration PA 

breaks and circulating total PYY and acylated ghrelin concentrations (Bailey et al., 2016; 

Holmstrup et al., 2013b). However, both studies incorporated low-to-moderate intensity PA 

which may not have been enough to evoke a physiological response. High intensity PA has 

been found to suppress acylated ghrelin and PYY3-36 (Deighton et al., 2013b; Broom et al., 

2017), though these were completed as a single PA bout lasting 36-60 min. It may be the PA 
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break durations of 2-5 min incorporated in this study and others (Bailey et al., 2016; 

Holmstrup et al., 2013b) were not long enough to cause any alterations in circulating 

appetite-regulating hormones. This is important though as it suggests there were no 

compensatory changes physiologically which might increase hunger or energy intake, thus 

supporting the significant reduction in relative energy intake.   

  

The strengths of this study include the measurement of PAEE to confirm that energy 

expenditure was similar between both PA conditions. The repeated measures of HDL-C 

throughout each condition enabled a better understanding of changes to this metabolite 

during each condition, compared with previous work which only measured HDL-C at the start 

and end of each condition (Bailey and Locke, 2015).  Additionally, the measurement of 

energy intake at an ad libitum buffet built on previous research which detected subjective 

appetite differences, but did not assess whether this equated to changes in energy intake 

(Holmstrup et al., 2013b).  

 

There are some challenges pertaining to the ecological validity of this type of behaviour 

strategy in a real-life setting, for example an office-based workplace. Firstly, the ability to 

engage in PA breaks around work duties is often cited as a barrier to reducing or breaking 

up sitting in the workplace (Hadgraft et al., 2016a; De Cocker et al., 2015; McGuckin, Sealey 

and Barnett, 2017). Additionally, high-intensity PA breaks may be perceived to be 

unobtainable in the workplace. However, the treadmill speed required to reach a high 

intensity in this sample of sedentary adults was a brisk walk, which could be achieved on a 

level gradient, or office stairs where applicable. The wider discussion of strengths and 

limitations are furthered in Chapter 8.1. 

 

In conclusion, breaking up sitting with hourly high-intensity PA acutely improves postprandial 

triglyceride and HDL-C concentrations when compared with prolonged sitting, whereas an 

energy-matched continuous moderate-intensity PA bout followed by prolonged sitting does 
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not. Additionally, hourly high-intensity PA breaks increased satiety and resulted in a larger 

relative energy deficit than prolonged sitting, whereas the continuous moderate-intensity PA 

bout had no effect. these findings suggest that breaking up sitting with high-intensity PA may 

represent a viable alternative to traditional continuous PA regimes and could prove to be 

more effective for weight management in physically inactive adults if replicated in longer 

term studies. 
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Chapter 6: Study Three 

The effects of frequent versus less frequent physical activity breaks on 

postprandial cardiometabolic risk markers and appetite regulation. 
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6.1 Introduction 

 

Increased postprandial levels of glucose, insulin, and TG promote oxidative stress, 

inflammation, and endothelial dysfunction that can increase the risk of cardiometabolic 

disease (Loader et al., 2015; O'Keefe and Bell, 2007). Acute responses and chronic 

adaptations to engaging in physical activity (PA) can attenuate elevations in these 

cardiometabolic risk markers (Alves et al., 2016; Benatti and Ried-Larsen, 2015; Myers et 

al., 2015). Accordingly, current UK PA guidelines recommend that adults engage in ≥150 

min/week of moderate-to-vigorous physical activity (MVPA; Department of Health, 2019).  

 

Several studies have reported that accumulating moderate-intensity PA in regular short 

bouts of ≤3 min in duration is effective for attenuating postprandial glucose, insulin and TAG 

responses over a single day (Bailey et al., 2016; Bailey et al., 2017; Miyashita, 2008; Peddie 

et al., 2013). Furthermore, the cardiometabolic benefits of short frequent bouts of PA may be 

equally or more effective than a single continuous bout of PA of the same volume (typically 

30 min) and intensity (Miyashita, 2008; Miyashita et al., 2016; Peddie et al., 2013). This may 

be because interrupting muscular inactivity that occurs during prolonged sitting suppresses 

postprandial glucose, insulin, and TAG levels via different mechanistic pathways than 

continuous PA (Hamilton et al., 2008). However, the effects of regular short bouts of PA 

compared with less frequent bouts of PA in metabolically healthy adults are unknown. Paing 

et al. (2019) observed that breaking up sitting time with PA breaks every 15 and 30 min was 

more beneficial for postprandial glucose than PA breaks every 60 min in a sample of older 

adults living with T2DM. However, PA volume was not altered, meaning that higher 

frequency PA breaks also surmounted to a higher volume of PA. It is therefore not possible 

to distinguish between the extents that PA frequency or volume influenced postprandial 

glucose. More research is warranted to investigate the differences in frequency of PA breaks 

where volume of PA is matched, on postprandial cardiometabolic risk markers in healthy 

adults.    
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It has been well established over the past 10 years that the incurred energy expenditure of a 

continuous PA bout of moderate intensity is not compensated for acutely by an increased 

energy intake, likely due to suppressed appetite and acylated ghrelin during, and in the 

immediate time period after exercise cessation (Schubert et al., 2013; Stensel, 2010). 

However, the effect of short PA breaks on appetite and energy intake is limited. Holmstrup et 

al. (2013b) investigated the effects of accumulating 60 min moderate-intensity cycling by 

engaging in 5 min bouts every hour and observed increased satiety in the latter hours of the 

condition compared with a continuous 60 min cycling bout performed at the start of the 12 h 

observation period. Despite elevated satiety, total PYY was not altered and there was no 

measurement of energy intake to see whether the overweight/obese participants’ eating 

behaviour was affected by each PA strategy (Holmstrup et al., 2013b). The other study in 

adults investigating the effect of multiple short PA bouts was conducted by Bailey et al. 

(2016). Sedentary adults engaged in 2 min light or moderate-intensity PA bouts every 20 min 

for 5 h. Subjective appetite, appetite-regulating hormones and energy intake did not differ 

between the two PA conditions or uninterrupted sitting. However, there was a significantly 

lower relative energy intake in both PA conditions when compared with a control condition. 

The potential for these modest PA bouts to increase satiety signalling whilst resulting in an 

acute energy deficit depicts a feasible PA regime that may be an effective strategy for weight 

management. However, more research is required to better understand the different effects 

of PA modality, bout frequency and durations on appetite control. 

 

The aim of this study was to compare the appetite and cardiometabolic effects of frequent 

short bouts of PA used to break up sitting time with an equal volume of PA accumulated in 

less frequent bouts in sedentary women. Based on the findings from Chapter 4, a high 

glycaemic index meal was provided to increase the potential benefit that PA breaks from 

sitting have on postprandial glucose concentrations. In Chapter 5, high-intensity PA breaks 

attenuated postprandial triglycerides. As this study was assessing the effects of moderate-
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intensity PA breaks, more dietary fat was provided in the second test meal in order to 

increase the potential effect that interruptions may have on postprandial lipaemia. 

Additionally, subjective appetite was suppressed following high-intensity breaks in Chapter 

5, but energy intake did not differ between the two PA conditions. Subsequently, a broader 

selection of food items was provided in the buffet meal in this study to try and ensure that 

participants were truly consuming the amount of food that they desired, and were not 

stopping due to a lack of variety in what was available to them. 

 

6.2 Methods 

 

Study design 

This randomised crossover study consisted of three 7.5 h conditions and was approved by 

the University of Bedfordshire Institute for Sport and Physical Activity Research Ethics 

Committee. The study was approved by the University of Bedfordshire Institute for Sport and 

Physical Activity Research Ethics Committee (approval number 2015ISPAR012). All testing 

took place at the University of Bedfordshire Sport and Exercise Science Laboratories. 

 

Participants  

Participants were recruited using methods explained in section 3.3. This study exclusively 

recruited adult women as this was detailed in the successful grant application which enabled 

the study to take place. Additionally, recruiting women removed sex as a potentially 

confounding factor in statistical analyses. Other eligibility and exclusion criteria are described 

in section 3.4. In addition to these criteria, a food preference questionnaire (see appendix 6) 

assessing food liking of all food items included in the buffet meal of this study was 

administered to all potential participants, as incorporated into similar work (Deighton et al., 

2013b; Douglas et al., 2015; Wasse et al., 2012). This was in the form of a 10-point Likert 

scale for each food item to be used during experimental conditions ranging from 1 (dislike 

extremely) to 10 (like extremely). All participants were instructed to focus on liking of food 
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items, not eating frequency. Participants were ineligible from testing if they reported a dislike 

(rating of 1-4) of >3 food items. Additionally, psychological eating tendencies were assessed 

using a Three-Factor Eating Questionnaire (TFEQ; see appendix 7) measuring cognitive 

restraint, uncontrolled eating and emotional eating (Stunkard and Messick, 1985). 

Participants were ineligible for testing upon scoring >11 (restrained eater) across the three 

factors as their eating behaviour may have impacted energy balance and appetite outcomes. 

 

Sample size calculations 

Sample size calculations were completed using methods described in section 3.2. Sample 

size estimations were based on published data on appetite differences Deighton et al. 

(2013b) and glucose differences from Bailey and Locke (2015). These studies were selected 

as Deighton et al. (2013b) was the closest in terms of study design available due to the 

novel aspect of the present study design. Additionally, Bailey and Locke (2015) examined 

similar outcome variables and provided the within-group error variance required to perform 

the calculation. Based on a 10% within-group error variance, a within-person correlation of 

0.6, 80% power (Guo et al., 2013), and α = 0.05, it was estimated that twelve participants 

would be required to detect a 10% difference in subjective appetite during the experimental 

condition period (Deighton et al., 2013b). A lower statistical power was used in this study 

than in the previous chapter due to the inclusion criteria explicitly recruiting females only, 

thus removing participant sex as a potentially confounding factor. This value was inflated 

from twelve to fourteen to accommodate drop-out due to the time commitment required by 

each participation to complete all study visits.  

 

Preliminary visit 

Participants who met the eligibility criteria and consented to take part in the study were 

invited to attend the laboratories for a preliminary visit during which anthropometric 

measurements were obtained (see section 3.5) and two exercise tests were completed. 

Firstly, a submaximal exercise test was performed by the participant (see section 3.8.1) in 
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order to enable individual calibration of the Actiheart device to be worn during experimental 

conditions (see section 3.12). After a >30 min rest, participants completed a maximal 

treadmill test in which they reached volitional exhaustion (see sections 3.8.2 and 3.8.3). This 

enabled a tailored treadmill speed to be calculated which equated to 65% V̇O2max (see 

section 3.10). Prior to finishing the visit, participants were provided with digital weighing 

scales and instructed on how to document food and liquid consumption during the 24 h 

preceding each experimental condition (see section 3.13) 

 

Experimental conditions 

Participants arrived on the morning of each of the three experimental conditions having 

completed a 24 h weighed food diary and adhered to all pre-condition diet and lifestyle 

restrictions (see section 3.13). Before commencement of the experimental condition, 

participants verbally confirmed that they had abided by these restrictions and were currently 

in the desired stage of their menstrual cycle to a female researcher (see section 3.14). Prior 

to the commencement of each experimental condition, an Actiheart was fitted to the chest of 

each participant (see section 3.12), a cannula was inserted into an antecubital vein and 

fastened to the arm using medical dressing (see section 3.17). Fasting venous blood 

samples and subjective appetite (see section 3.16) were then obtained prior to the 

commencement of each 7.5 h condition. The order in which experimental conditions were 

completed was counterbalanced using an incomplete Latin Square method. The 

experimental conditions were: 

 

SIT Participants remained seated throughout the experimental period, rising 

only to void. 

LOW-FREQ Participants completed 2 min bouts of moderate intensity PA (65% 

V̇O2max) every 30 min. This resulted in 15 bouts totalling 30 min of 

moderate-intensity PA. 
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HIGH-FREQ Participants completed 10 min bouts of moderate intensity PA (65% 

V̇O2max) at 0, 170 and 350 min. This resulted in 3 bouts totalling 30 min 

of moderate-intensity PA. 

 

During experimental conditions, participants were permitted to work on a laptop computer, 

read, or talk during sitting periods and were supervised by a researcher to ensure adherence 

to the protocols. RPE was obtained in the last 10 s of each PA bout (see section 3.7). Figure 

6.1 portrays each experimental condition and the timings of data collection.
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Figure 6.1. Study schematic of experimental conditions. 
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Test meals 

Two standardised test meals were provided during each condition: one at 15 min and one at 

180 min. These were individualised to provide 15% and 25%, respectively, of estimated daily 

energy requirements for each participant (see section 3.15.1). The first meal consisted of 

cornflakes and whole milk and had a high glycaemic index of 80. The second meal consisted 

of white bread, roast chicken, margarine, crisps and chocolate, and had a moderate 

glycaemic index of 58. 

 

Ad libitum meal 

At 6 h during each experimental condition, participants were given 30 min ad libitum access 

to a cold food buffet. The items available were white bread, wholemeal bread, margarine, 

mayonnaise, cheese, ham, crisps, chocolate bars, cereal bars, cookies, apples, oranges, 

bananas, milk and orange juice. All items were provided in standardised quantities or 

weights (see appendix 8) and were displayed in the same layout for each condition (see 

section 3.15.2). The quantity of food offered was deemed to exceed expected consumption. 

However, participants could request additional food items if they wished by contacting a 

researcher immediately outside the isolated food consumption room. Food items were 

weighed before and immediately after eating cessation to determine food consumption. 

 

Biochemical analyses 

Blood glucose was assessed immediately in duplicate using methods described previously 

(see section 3.18.1). Two EDTA tubes of whole blood were centrifuged prior to the plasma 

being aliquoted into separate cryovials for later analysis of plasma insulin, TG and total PYY 

concentrations (see section 3.18.2). A third EDTA tube was treated with an acid solution to 

prevent acylated ghrelin degradation prior to being aliquoted and stored at -80 °C, as 

described previously (see section 3.19). Hormone concentrations were determined using 

commercially available ELISA kits (see section 3.19). All samples provided by each 

participant were analysed on the same plate, eliminating inter-assay variation. The intra-
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assay coefficients of variation for glucose, plasma insulin, total PYY and acylated ghrelin 

concentrations were 2.2%, 5.4%, 9.9% and 7.9%, respectively. Plasma TG concentrations 

were analysed using a spectrophotometer with commercially available kits, as described 

previously (see section 3.18.2) 

 

Statistical analyses 

Data was compared between experimental conditions using methods described previously in 

section 3.21. Postprandial iAUC and TAUC for the duration of the 7.5h trials were assessed 

for all cardiometabolic and appetite-regulating hormones. Only TAUC for subjective appetite 

was analysed. All linear-mixed models included participant age, body fat% and respective 

baseline values for the variable of interest as covariates to explain potential residual 

variances.  

 

6.3 Results 

Fourteen women were recruited who each completed all three experimental conditions. 

Participant characteristics are detailed in Table 6.1. The first test meal provided 58% 

carbohydrate (mean ± SD; 43.1 ± 8.1 g), 28% fat (9.4 ± 1.8 g) and 14% protein (10.7 ± 2.0 g) 

with a mean energy intake of 1274.4 ± 240.2 kJ. The second meal provided 46% 

carbohydrate (57.6 ± 10.0 g), 40% fat (22.3 ± 3.9 g) and 14% protein (17.8 ± 3.1 g) with a 

mean energy intake of 2123.4 ± 220.9 kJ. The mean RPE was significantly higher during the 

LOW-FREQ PA bouts (11.7 ± 1.7) than the HIGH-FREQ PA bouts (10.4 ± 1.4; p=0.001). 

PAEE for the PA bouts was similar at 586.5 kJ (95% CI: 448.4, 724.6) during LOW-FREQ 

and 606.8 kJ (473.3, 740.2) during HIGH-FREQ (p=0.992) 
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Table 6.1. Participant characteristics. 

Characteristic Mean ± SD 

Age (years)     33.8 ± 13.4 

Height (cm) 168.1 ± 5.3 

Weight (kg)     76.4 ± 17.4 

Body mass index (kg/m2)   27.1 ± 6.3 

Body fat (%)     32.9 ± 10.9 

Peak oxygen uptake (mL·kg–1·min–1)    34.5 ± 6.6 

 

 

Cardiometabolic responses 

Baseline cardiometabolic risk marker concentrations did not differ significantly between 

conditions (Table 6.2). There was a significant main effect of condition for insulin iAUC with 

concentrations being significantly lower by 31% and 29% in HIGH-FREQ compared with SIT 

(p=0.026; d=1.34) and LOW-FREQ (p=0.017; d=1.21), respectively. The effect sizes for 

these differences were large. Insulin TAUC was also significantly lower in HIGH-FREQ than 

SIT (p=0.020; d=0.56) and LOW-FREQ (p=0.050; d=0.52), with medium effect sizes. There 

were no significant main effects of condition for glucose or TG outcomes. Cardiometabolic 

responses over time for each condition are shown in Figure 6.2 for descriptive purposes.  
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Table 6.2. Baseline and postprandial cardiometabolic responses for each condition. 

Variable SIT HIGH-FREQ LOW-FREQ 

Main effect 

of condition 

Baseline concentrations     

Blood glucose (mmol/L) 4.43 (4.28, 4.59) 4.41 (4.25, 4.57) 4.34 (4.18, 4.50) 0.572 

Plasma insulin (µU/mL) 7.72 (4.98, 10.46) 10.36 (7.62, 13.10) 6.50 (3.65, 9.35) 0.092 

Plasma triglycerides (mmol/L) 0.79 (0.61, 0.96) 0.77 (0.60, 0.95) 0.74 (0.56, 0.92) 0.787 

Postprandial concentrations     

Blood glucose iAUC (mmol/L·7.5 h) 0.87 (-0.72, 2.45) 2.42 (0.80, 4.04) 1.94 (0.31, 3.57) 0.145 

Plasma insulin iAUC (µU/mL·7.5 h) 119.98 (92.42, 147.53)* 82.86 (55.02, 110.70) 116.61 (88.50, 144.73)* 0.013 

Plasma triglycerides iAUC (mmol/L·7.5 h) 0.43 (-0.37, 1.33) 0.79 (-0.05, 1.64) 0.90 (0.03, 1.77) 0.542 

Blood glucose TAUC (mmol/L·7.5 h) 33.79 (32.20, 35.38) 35.35 (33.73, 36.98) 34.87 (33.24, 36.50) 0.146 

Plasma insulin TAUC (µU/mL·7.5 h) 179.46 (149.52, 209.41)* 147.00 (116.69, 177.31) 177.10 (146.61, 207.59)* 0.015 

Plasma triglycerides TAUC (mmol/L·7.5 h) 6.15 (5.32, 6.97) 6.47 (5.65, 7.29) 6.53 (5.67, 7.40) 0.602 

Data are mean (95% CI). SIT, prolonged sitting; HIGH-FREQ, sitting interrupted with 2 min moderate-intensity PA every 30 min; LOW-FREQ, sitting 

interrupted with 10 min moderate-intensity PA every 180 min. *Significant difference between compared with HIGH-FREQ (p < 0.05). 
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Figure 6.2. Changes in cardiometabolic risk markers across each experimental condition. 

Some error bars have been omitted for clarity. SIT, prolonged sitting; HIGH-FREQ, sitting 

interrupted with 2 min moderate-intensity PA every 30 min; LOW-FREQ, sitting interrupted 

with 10 min moderate-intensity PA every 180 min.   
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Appetite responses  

Baseline concentrations of appetite-regulating hormones were similar between conditions for 

total PYY (p=0.240) and acylated ghrelin (p=0.314). There were no significant differences in 

hormone responses between any experimental conditions (see Table 6.3). The TAUC for 

each VAS appetite variable can be seen in Table 6.4. Total energy and individual 

macronutrient intake during the buffet meals were similar between conditions (Table 6.3). 

Relative energy intake was not significantly different between any of the experimental 

conditions (p=0.420). 
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Table 6.3. Biochemical and nutritional intake values for each condition. 

Variable SIT HIGH-FREQ LOW-FREQ 

Main effect of 

condition 

Baseline concentrations     

Acylated ghrelin (pg/mL) 130.8 (60.5, 201.0) 121.8 (51.5, 192.0) 135.9 (65.7, 206.2) 0.314 

Total PYY (pg/mL) 116.1 (81.6, 150.7) 120.7 (85.8, 155.6) 100.8 (66.3, 135.3) 0.240 

Postprandial concentrations     

Acylated ghrelin iAUC (pg/mL·7.5 h) -210.0 (-296.6, -123.5) -150.3 (-237.0, -63.6) -206.9 (-291.5, -116.2) 0.388 

Total PYY iAUC (pg/mL·7.5 h) 189.4 (-13.5, 392.4) 146.2 (-58.7, 351.0) 166.2 (-37.5, 369.8) 0.805 

Acylated ghrelin TAUC (pg/mL·7.5 h) 745.6 (536.4, 954.7) 617.0 (407.7, 826.4) 767.5 (543.2, 991.8) 0.566 

Total PYY TAUC (pg/mL·7.5 h) 1025.1 (822.2, 1228.0) 981.9 (777.0, 1186.7) 1001.8 (798.2, 1205.5) 0.805 

Buffet intake     

Total energy intake (kJ) 3442 (2629, 4254) 3187 (2374, 3999) 3014 (2183, 3846) 0.579 

Total carbohydrate (g) 84.8 (69.2, 100.4) 93.7 (78.1, 109.3) 78.3 (62.7, 93.9) 0.374 

Total fat (g) 24.6 (18.9, 30.1) 22.8 (17.3, 28.4) 19.4 (13.8, 24.9) 0.400 

Total protein (g)  33.6 (22.5, 44.6) 34.1 (22.9, 45.1) 32.9 (21.9,44.0) 0.989 

Data are mean (95% CI). SIT, prolonged sitting; HIGH-FREQ, sitting interrupted with 2 min moderate-intensity PA every 30 min; LOW-FREQ, sitting 

interrupted with 10 min moderate-intensity PA every 180 min; TAUC, total area under the curve; iAUC, incremental area under the curve. 
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Table 6.4. Subjective appetite TAUC values for each condition. 

Variable SIT HIGH-FREQ LOW-FREQ 

Main effect 

of condition 

Hunger (mm · 7.5 h) 213.8 (142.1, 285.4) 224.3 (152.6, 295.9) 212.5 (139.8, 285.1) 0.895 

Satisfaction (mm · 7.5 h) 442.8 (374.4, 511.1) 462.7 (394.3, 531.0) 452.8 (383.1, 522.5) 0.801 

Fullness (mm · 7.5 h) 454.5 (381.4, 527.6) 468.1 (395.0, 541.2) 455.7 (381.2, 530.1) 0.888 

PFC (mm · 7.5 h) 298.7 (222.9, 374.5) 280.3 (204.5, 356.0) 297.1 (219.4, 374.8) 0.861 

Overall appetite (mm · 7.5 h) 278.8 (211.9, 345.7) 268.3 (201.4, 335.2) 275.1 (206.9, 343.3) 0.935 

Data are mean (95% CI). SIT, prolonged sitting; HIGH-FREQ, sitting interrupted with 2 min moderate-intensity PA every 30 min; 

LOW-FREQ, sitting interrupted with 10 min moderate-intensity PA every 180 min 
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6.4 Discussion 

 

The main finding of this study was that postprandial insulin concentrations in sedentary, 

inactive, young to middle-aged females were attenuated in response to 2-min, frequent 

moderate-intensity PA breaks, but were not suppressed by engaging in the same duration of 

PA accumulated in less frequent, 10-min breaks when compared with uninterrupted sitting. 

Previous research examining the effects of PA breaks on postprandial insulin have yielded 

mixed findings. There are several acute experimental conditions reporting that PA breaks 

every 20-30 min for durations between 1 min 40 s and 5 min suppressed postprandial insulin 

by 21-26% in healthy and dysglycaemic adults (Peddie et al., 2013; Dunstan et al., 2012b; 

Pulsford et al., 2017; Henson et al., 2016; Homer et al., 2017; Chrismas et al., 2019), whilst 

other trials incorporating similar designs have reported no suppression of insulin (Bailey et 

al., 2017; Bailey et al., 2016). Although study designs are similar, it is possible that the 

shorter observation periods and provision of only one meal during the experimental 

conditions could have reduced the potential to detect differences in insulin in some studies 

(Bailey et al., 2016; Dunstan et al., 2012b; Bailey et al., 2017). Indeed, the study by Henson 

et al. (2016) provided two meals across an experimental period the same duration as the 

present study (7.5 h) and they observed a suppression in postprandial insulin. Alternatively, 

previous studies reporting no differences (Bailey et al., 2016; Bailey et al., 2017) were not 

powered to detect changes in insulin and the sample sizes may thus have been insufficient. 

However, a similar number of participants was used in the present study where significant 

differences were detected. It is possible that the participants in previous studies (Bailey et 

al., 2016; Bailey et al., 2017) may have been at the healthy end of the metabolic risk 

spectrum (Homer, Owen and Dunstan, 2019) and able to dispose of more glucose under the 

presence of similar insulin concentrations in response to PA breaks compared with 

participants in the current study and the studies by Henson et al. (2016) and Chrismas et al. 

(2019). Further adequately powered studies are required to establish the effects of PA 

breaks across the metabolic risk spectrum. 
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This study is the first to directly examine the acute effects of accumulating volume and 

intensity-matched PA in different frequencies on postprandial metabolism. It was observed 

that engaging in three, 10-min PA bouts separated by ~3 h did not suppress postprandial 

insulin compared to uninterrupted sitting. Conversely, engaging in 2-min PA breaks every 30 

min suppressed insulin by ~30% compared with uninterrupted sitting and engaging in 10-min 

PA bouts spread across the day. Previous research has shown that insulin was suppressed 

by 18% in response to 1 min 40 s walking breaks every 30 min compared with a single 

continuous intensity-matched 30 min walking bout (Peddie et al., 2013). Conversely, another 

study observed no difference in postprandial insulin between a single continuous 60-min 

bout of moderate-intensity PA compared with 5-min intensity-matched PA breaks spread 

over 10 h (Holmstrup et al., 2014), possibly because the frequency of PA breaks was 

insufficient. The more frequent PA breaks in the present study and the study by Peddie et al. 

(Peddie et al., 2013) may have upregulated or maintained insulin sensitivity related 

pathways, whereas 10-min PA bouts performed approximately every 3 h were not sufficient. 

This suggests that breaking up sitting with shorter, more frequent PA breaks may be more 

beneficial than engaging in longer, less frequent PA breaks. Additionally, participants 

reported lower levels of perceived exertion whilst engaging in the more frequent breaks. This 

type of PA regime may thus be more achievable for inactive and sedentary adults in addition 

to offering greater cardiometabolic benefits. 

 

Despite several reports of attenuated postprandial glucose concentrations in response to 

short, frequent moderate-intensity PA breaks in healthy adults (Bailey et al., 2016; Bailey et 

al., 2017; Thorsen et al., 2019), adults who are overweight/obese (McCarthy et al., 2017; 

Peddie et al., 2013; Climie et al., 2018) and individuals with type 2 diabetes (Dempsey et al., 

2016a; Dempsey et al., 2018), postprandial glucose was unaffected by the PA breaks in the 

present study. The sample in the present study could be considered metabolically health due 

to their normal fasting glucose levels. It has been suggested that individuals who are 
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metabolically health may reduce the amount of insulin required to maintain normal glucose 

homeostasis in response to breaking up sitting (Homer, Owen and Dunstan, 2019). This 

would thus explain the lack of change in postprandial glucose observed here. Additionally, 

the lack of change may have been due to the relatively low elevation in blood glucose after 

the test meals, which could have limited the potential of the PA breaks to attenuate glucose. 

This study provided participants with a mixed meal to reflect habitual dietary intakes. 

Although the predicted glycaemic index of the breakfast was high, the lunch had a moderate 

glycaemic index and potentially did not stimulate a large enough glucose response that 

could have potentially been attenuated by PA breaks. Suppressions in postprandial glucose 

in response to PA breaks may therefore only be observed after consumption of higher 

glycaemic index meals, as postulated previously (Bailey et al., 2017). 

 

The evidence that regular PA breaks can attenuate postprandial TAG is mixed, with some 

studies observing beneficial changes (Miyashita et al., 2016; Miyashita, Burns and Stensel, 

2008; Maylor et al., 2018) and others not (Peddie et al., 2013; Altenburg et al., 2013; 

Engeroff et al., 2017). Due to the heterogenous nature of the PA breaks (intensity, frequency 

and duration) and sample characteristics across studies, the reasons for these differences 

are not clear (Benatti and Ried-Larsen, 2015). That said, lipoprotein lipase (LPL) activity 

typically peaks >8-22 h after moderate-intensity PA (Greiwe, Holloszy and Semenkovich, 

2000) and research that measured the postprandial TAG response to a high-fat test meal the 

day after engaging in regular PA breaks has typically reported beneficial responses (Kim et 

al., 2014; Miyashita, 2008; Miyashita, Burns and Stensel, 2006; Miyashita et al., 2013). 

Thus, the lack of time-lag between the PA and postprandial measurements and the provision 

of test meals, where 28-40% of the energy was derived from fat, may explain our null 

findings. It is also possible that the moderate-intensity PA in the current study was not of a 

sufficient intensity to elevate LPL activity during the 7.5 h experimental period (Maylor et al., 

2018). As physical activity energy expenditure directly affects postprandial lipaemic 

responses more strongly than PA intensity or duration (Peddie, Rehrer and Perry, 2012), the 
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30 min PA completed during the PA conditions may have also been insufficient. 

Nonetheless, this volume of walking has been effective in previous studies (Miyashita, Burns 

and Stensel, 2008) when the postprandial challenge took place the following day, which may 

suggest PA timing is key.  

 

The present study did not observe any changes in appetite, appetite-regulating hormones or 

energy intake between experimental conditions. This is synonymous with previous research 

that observed no differences in appetite measures when healthy adults broke up sitting 

every 20 min for 2 min for over 5 h with light and moderate-intensity PA breaks on a 

motorised treadmill, compared with uninterrupted sitting (Bailey et al., 2016). Holmstrup et al. 

(2013b) observed an increase in satiety perceptions when overweight and obese adults 

cycled for 5 min at a moderate intensity every 60 min for 12 h. It is not possible to determine 

whether the longer duration of the PA breaks or the duration of the observation were 

important differences between these trials. Indeed Holmstrup et al. (2013b) observed 

increased satiety concentrations from 6 h onwards into the experimental condition when 30 

min moderate-intensity PA had been accumulated, compared with a total of 28 min in each 

of the PA conditions by Bailey et al. (2016). The experimental conditions were 7.5 h in the 

present study, but only provided three feeding opportunities, whereas participants in the 

study by Holmstrup et al. (2013b) were fed every 2. Unfortunately, this study design did not 

incorporate a buffet meal, so it is unknown how much energy participants would have 

consumed if they had been provided with food to consume ad libitum (Holmstrup et al., 

2013b). The participants in the present study did not consume more energy in the PA 

conditions compared with uninterrupted sitting. However, there was no significant reduction 

in relative energy intake. Although previous research has detected significant reductions in 

relative energy intake in a sample of 13 participants (Bailey and Locke, 2015), a larger 

sample size may have been required to detect changes between the conditions in the 

present study. 
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A strength of the present study is that it was conducted in females who have been less 

represented in PA and postprandial research. However, this also poses a limitation as it is 

not known whether the findings would be generalisable to males. A greater attenuation in 

postprandial glucose responses to light-intensity PA breaks has been previously seen in 

females versus males (Dempsey et al., 2016a). However, another study found that sex did 

not affect acute responses to breaking up sitting (Yates et al., 2018). Further research 

investigating potential sex differences is thus required. The experimental protocols in this 

study were completed in a controlled laboratory environment. Future research should 

investigate the efficacy of engaging in frequent PA breaks in free-living settings, such as in 

the workplace and at home. The wider discussion on the efficacy of engaging in this type of 

PA strategy is expanded on in Chapter 8.4. 

 

In conclusion, this study observed a significant attenuation in postprandial insulin 

concentrations in response to breaking up sitting with frequent 2-min moderate-intensity PA 

breaks compared with less frequent 10-min PA bouts of the same intensity and total duration 

and uninterrupted sitting. Frequent PA breaks may, therefore, be a beneficial strategy to 

reduce cardiometabolic disease risk in sedentary females. 
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Chapter 7: Study Four 

A cluster randomised controlled trial testing the efficacy of a multi-component 

intervention to reduce prolonged sitting in office workers. 
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7.1 Introduction 

 

Sedentary behaviour can be defined as any waking behaviour characterised by an energy 

expenditure ≤1.5 metabolic equivalents (METs) while in a sitting, reclining, or lying posture 

(Tremblay et al., 2017). High levels of sedentary behaviour are associated with poor 

metabolic health (Edwardson et al., 2012) and an increased risk of cardiovascular disease, 

Type 2 diabetes, some cancers and all-cause mortality, often independently of moderate-to-

vigorous physical activity (MVPA) (Wilmot et al., 2012; Shen et al., 2014; Biswas et al., 

2015). A higher number of interruptions to sedentary time is associated with favourable 

cardiometabolic risk marker levels in cross-sectional research (Healy et al., 2008) and in 

acute experimental trials in participants who are healthy, overweight and obese, 

dysglycaemic, or have type 2 diabetes (Bailey and Locke, 2015; Dunstan et al., 2012b; 

Dempsey et al., 2016a; Henson et al., 2016; McCarthy et al., 2017).  

 

Office workers spend the majority of their working day in a sedentary state and often 

accumulate this in prolonged uninterrupted bouts (Hadgraft et al., 2016b). Therefore, this 

population are an important target for interventions to encourage reductions in sedentary 

behaviour. A number of previous studies have included one single intervention component, 

such as the installation of height-adjustable workstations, over a period of 4-13 weeks in an 

attempt to reduce workplace sedentary time (Mainsbridge et al., 2014; Chau et al., 2014; 

Alkhajah et al., 2012). However, interventions incorporating organisational, individual, and 

environmental-level strategies lasting 4-12 months have reported reductions in workplace 

sedentary time that are more successful than interventions that focus on singular 

components as reported in a recent systematic review (Chu et al., 2016). Until recently, 

many of these multicomponent intervention studies had been small-scale and non-

randomised (Chu et al., 2016), which limited the ability to make definitive conclusions of their 

impact.  
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Since the systematic review by Chu et al. (2016), there have been several fully powered 

randomised controlled trials (RCTs) evaluating multicomponent interventions (Danquah et 

al., 2017; Healy et al., 2016; Neuhaus et al., 2014b; Carr et al., 2013; Edwardson et al., 

2018c). However, a major limitation of some of these previous studies (Carr et al., 2013; 

Neuhaus et al., 2014a) is that participants were randomised at an individual level meaning 

that there may have been contamination between groups due to control and intervention 

participants being located within the same office. Additionally, the three clusters in the 

intervention by Neuhaus et al. (2014b) were randomised based on their location, not in an 

unbiased way. Workplace intervention studies should thus utilise cluster randomisation at 

the level of the office or worksite to minimise contamination between groups in addition to 

providing greater generalisability and providing more precise treatment effect estimates for 

the study outcomes (Fayers, Jordhoy and Kaasa, 2002). Additionally, the two fully powered 

cluster RCT’s published to date incorporated the provision of height-adjustable workstations 

as a component of the intervention, (Edwardson et al., 2018b; Danquah et al., 2017; Healy 

et al., 2016), which are costly and may therefore not be a viable option in many workplaces 

where financial capital demand for resources is persistently contested. The potential 

scalability of a low-cost intervention that reduces workplace sitting time could be a more 

viable option than one which requires a much larger financial commitment. The findings from 

experiments conducted in Chapters 4-6 show that regular breaks from sitting with short 

bouts of PA (e.g. brisk walking) can be beneficial to cardiometabolic health over a simulated 

working day. Therefore, the effect of a fully powered cluster RCT assessing the effects of a 

multi-component workplace intervention that does not necessitate a height-adjustable 

workstation therefore requires investigation. 

 

In addition to reductions in workplace sitting, some studies have also examined effects on 

cardiometabolic risk markers, with mixed findings. Beneficial mean arterial pressure, 

diastolic blood pressure, and high-density lipoprotein cholesterol (HDL) responses have 

been observed following 8-13 week single component interventions (Mainsbridge et al., 
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2014; L et al., 2015; Alkhajah et al., 2012), and improvements in adiposity have been 

observed in response to 4-12 week multicomponent interventions (Carr et al., 2013; 

Danquah et al., 2017). However, some studies report no beneficial cardiometabolic response 

to multicomponent interventions lasting 4-16 weeks (Healy et al., 2013; Carr et al., 2016). 

This may be because the interventions were focused predominantly on breaking up sitting 

with standing. There is evidence that reallocating sitting with light or moderate-intensity 

ambulation is more effective in attenuating cardiometabolic risk than standing (Edwardson et 

al., 2017a); thus, multicomponent interventions with a greater focus on ambulation should be 

examined. 

 

The primary aim of this cluster RCT was to evaluate the effectiveness of an 8-week 

multicomponent workplace intervention incorporating organisational, individual, and 

environmental-level strategies that did not include provision of height-adjustable 

workstations and with a greater focus on ambulation for reducing workplace sitting time in 

office workers. The secondary aims were to evaluate changes in other workplace activity 

outcomes (e.g. prolonged sitting and stepping), sitting time and activity outcomes across the 

waking day, and cardiometabolic health-related outcomes such as blood lipid profile and 

blood pressure which are complementary to the cardiometabolic risk-markers investigated in 

the previous chapters. 

 

7.2 Methods 

 

Study design 

This was a two-arm cluster RCT. Ethical approval was granted by the University of 

Bedfordshire Institute for Sport and Physical Activity Research Ethics Committee (approval 

number 2016ISPAR011). The study was conducted, analysed and reported in accordance 

with the CONSORT guidelines for cluster RCTs (Calvert et al., 2013). The trial took place 

with office-based workers at a national property, residential, construction and services group 
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organisation located in Bedfordshire, UK. The worksite consisted of approximately 600 staff 

working across six floors within two buildings. The multi-component intervention incorporated 

a mixture of individual, organisational and environmental elements which are described in 

further detail later.   

 

Participants were randomised by cluster (i.e., office floor) to receive the intervention or act as 

the control group. A cluster was identified as a distinct division within the worksite. Each 

division was located in a separate office workspace. Contamination was also reduced by 

asking participants not to disclose their treatment allocation outside of their cluster and by 

informing control participants that they would receive components of the intervention once 

the study was complete (Steins Bisschop et al., 2015). Randomisation occurred after all 

baseline assessments were completed. Clusters were randomised 1:1 to either the 

intervention or control group by the research team. A randomisation plan for 12 clusters in 

one block was generated using an online tool (www.randomization.com) and clusters were 

randomly matched against this plan using a list randomiser (www.random.org). 

 

Sample size 

Sample size calculations were performed using methods described elsewhere (see section 

3.2). based on a minimum difference of interest of 60 min/day in the primary outcome 

(workplace sitting time) as postulated by Alkhajah et al. (2012) and Edwardson et al. 

(2018b), a SD of 60 min/day, 90% power and 5% alpha. With a total of 12 clusters, an 

anticipated average cluster size of six and an estimated intracluster correlation coefficient of 

0.05 (Eldridge, Ashby and Kerry, 2006), this gave a design effect of 1.25. An attrition rate of 

20% within each cluster was used instead of 25% used previously (Edwardson et al., 2018c) 

due to the lower participant burden and shorter overall duration of the present study. This 

resulted in a total of 84 participants being required for the study. 

 

Participants 

http://www.randomization.com/
http://www.random.org/
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A summary of the study was emailed to all workers at the site and the research team 

attended the worksite to distribute flyers and discuss the study with interested individuals in 

communal areas. Workers were required to express their interest in taking part in the study 

by writing their contact details on a sign-up sheet or registering their email address via a 

digital online portal. The eligibility of potential participants was assessed by telephone. 

Criteria were as follows: 

 

• Based at the worksite designated for intervention. 

• Access to a personal work phone, computer and desk. 

• Working at least 0.5 FTE at the worksite. 

• 75% of the working day being office-based. 

• Day shift worker. 

• No planned leave from work for >2 weeks during the anticipated intervention timeline. 

• Ability to stand and walk unassisted. 

• Any known health condition that could be exacerbated by increasing physical activity 

levels. 

 

Intervention procedures 

This study was a multicomponent intervention comprising organisational, environmental and 

individual elements focusing on reducing sitting in the workplace. The integration of multiple 

components is recommended best practice to influence behaviour change in the workplace 

(World Health Organisztion, 2010). The intervention components were guided by an 

intervention taxonomy of behaviour change strategies (Abraham and Michie, 2008) and 

published intervention research (described below). 

 

Organisational elements 

Educational presentation and brainstorming session 
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Following baseline assessments, all intervention participants received an educational 

presentation from the project team informed by scientific evidence on the dangers of 

excessive sitting and the benefits of breaking up sitting time (Gardner et al., 2016). Of 

particular focus in the presentation was the evidence accumulated from Chapters 4-6 that 

regular breaks in sitting is beneficial to health. Participants then took part in a brainstorming 

session to identify and agree upon strategies to reduce sitting within their workplace. A 

summary of these strategies was subsequently emailed to all intervention participants by the 

project team the following work day. 

 

Step challenge 

Immediately following the educational presentation and brainstorming session, each 

participant was provided with a pedometer, goal setting guidance (provided during individual 

meetings described below) and took part in a step challenge during the intervention period. 

These strategies have been used effectively to reduce sedentary time in working adults (Qiu 

et al., 2015; Freak-Poli et al., 2011). Each participant entered their daily steps onto a virtual 

leaderboard and spot prizes (shopping gift vouchers) were provided to increase motivation 

(Ball et al., 2017). 

 

Individual elements 

Health check report and individual meetings 

One week after the educational presentation, participants were provided with a personal 

health check report during a ~20 min face-to-face meeting with a member of the project 

team. The report was generated from Health Options v9.1.31 software (Health Diagnostics 

Ltd, Chester, UK), which is designed for use within National Health Service Health Check 

programmes. The report provides risk scores and educational information on diabetes, 

cholesterol, cardiovascular disease, and weight management. The elements of this 

component of the intervention were based on evidence that receiving health assessment 

feedback can be a motivator for behaviour change (Michie et al., 2011; Colkesen et al., 
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2011). Where applicable, the evidence obtained from Chapters 4-6 that breaking up 

prolonged sitting with PA can assist in attenuating cardiometabolic risk markers was 

reiterated to the participants. 

 

During the individual meeting, each participant received a goodie bag that contained a leaflet 

briefly outlining the intervention procedures, a facts sheet on the dangers of prolonged 

sitting, an information card on “what your steps mean” (i.e. the number of daily steps 

equating to low active, moderately active, active, and highly active), sticky notes to place 

around their workspace with self-selected reminders to encourage less sitting, and a prompt 

card to remind participants of sitting reduction strategies. 

 

Prompts 

Participants received instructions to download computer software (Break Timer, Tom 

Watson, Spain) and/or a phone app from a list provided (e.g. Rise & Recharge, Baker Heart 

and Diabetes Institute, Australia; Break Reminder, TheBigMom, USA) that prompted them to 

get up and move at regular intervals. Participants were advised to set the regularity of the 

alerts according to their own personal preference, though breaks every ~30 minutes was 

recommended in line with the regularity of breaks used in Chapters 4 and 6. The use of 

prompt software in a multicomponent intervention is effective in reducing workplace sitting 

and prolonged sitting bouts (Evans et al., 2012). Point of decision poster prompts were also 

displayed around the working environment (e.g. office walls, notice boards, and near lifts) 

encouraging employees to break up their sitting time and increase their steps. The 

combination of prompts to reduce sitting and increase physical activity are more effective 

than prompts that focus on sitting time alone (Swartz et al., 2014). 

 

Telephone support 

One-to-one telephone support (5-10 min) was provided weekly from a member of the project 

team during intervention weeks 2 to 8 and followed a semi-structured script to maintain 
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intervention fidelity. Individual-level support is an effective physical activity behaviour change 

strategy (Michie et al., 2011; Marcus et al., 2007) and reductions in sitting time have been 

observed when telephone support is used as part of a multicomponent intervention (Judice 

et al., 2015). The telephone calls were based on motivational interviewing and involved 

discussions around participant progress toward goals, problem-solving, and adjustment of 

goals and behaviour change strategies as necessary. 

 

Environmental elements 

Work environment 

Participants were asked to make changes to their working environment in line with strategies 

identified during the brainstorming session. Examples of these strategies included removal 

or relocation of personal bins and printers, and identification of workspaces or meeting areas 

to be used specifically for non-computer-based work to encourage movement away from the 

desk. 

 

Data collection procedures 

Demographic, anthropometric and cardiometabolic health data were collected at baseline 

(14-28 days before intervention start) and 8 weeks (3-7 days after the intervention ended) in 

a designated room at the study worksite. Participants were asked not to take part in any 

exercise and to avoid alcohol and caffeine from the day preceding data collection until after 

their testing visit. Participants were also asked to travel to work by car on the day of data 

collection to minimise their activity levels and not eat any food >2 h prior to their 

measurement session. 

 

Primary outcome 

The primary outcome was workplace sitting time measured by the activPAL micro monitor 

(PAL Technologies, Glasgow, Scotland). This device combines triaxial accelerometery and 

an inclinometer to provide detailed analysis of behaviour in free-living conditions and has 
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validated to measure sitting, standing, stepping and postural transitions (Grant et al., 2006). 

The methods described below were informed by an in-depth review of the activPAL monitor 

use in field-based research (Edwardson et al., 2017b). Each device was set up to record 

data continuously for a period of eight days at the default frequency of 20 Hz using 

PALAnalysis version 7.2.32 (PAL Technologies Ltd., Glasgow, UK). For both data collection 

time points, the device was wrapped in a nitrile sleeve with a stick man drawn onto the front 

to indicate the correct orientation of the device to the participant. Following this, a Hypafix® 

transparent adhesive dressing (BSN Medical, Hull, UK) was wrapped around the device, 

rendering it waterproof, thus enabling the device to be worn continuously, even when 

bathing. Participants were instructed to remove the device only if they went swimming or in 

the sea to avoid accidental loss. Prior to the monitor being fitted to the right thigh, the thigh 

was cleansed using a swab containing 70% isopropyl alcohol. Following this, the device was 

attached to the midline anterior aspect of the upper right thigh (approximately 1/3 of the 

distance from the Iliac crest and the patella) of each participant using a further 10cm x 10cm 

Hypafix dressing. The device was attached the day before recording was scheduled to 

begin. Trained researchers attached the device initially to ensure correct orientation. All 

participants were provided with spare dressings and printed instructions (see appendix 9) in 

the event that they needed to re-attach the device themselves. Spare dressings were 

available if participants felt they may need more. A box of spare dressings was also left with 

a public health employee based at the worksite in the event that additional dressings were 

required. Finally, a hyperlink to a video produced by the Leicester-Loughborough Biomedical 

Research Centre on YouTube guided them comprehensively through the process  

(https://www.youtube.com/watch?v=BuaRHz_BOA4). 

 

In order to distinguish between waking hours, working hours and non-wear periods, 

participants were provided with a daily diary (see appendix 10) where they reported the 

times they woke up, got out of bed, started and finished work, got in to bed and went to 

https://www.youtube.com/watch?v=BuaRHz_BOA4
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sleep. Participants also reported the time and reason for any instance in which the device 

was removed (e.g. swimming or to reapply the activPAL with a new dressing). 

 

Secondary outcomes 

Physical activity and other sitting variables 

Other variables of interest calculated from the activPAL data were: daily sitting time, and 

time spent in sitting bout durations of <30 min and >30min (the latter being defined as a 

prolonged sitting bout based on experimental evidence (Henson et al., 2016)), the number of 

sit-upright transitions, standing time, time spent stepping, and steps for work hours and daily 

(total waking hours). A valid day for daily data was accepted when meeting the following 

criteria: a) wear time >10 h, b) >500 steps, and c) not recording >95% data in one activity 

category (i.e. sitting, standing or stepping). All valid days were visually compared to diary 

notes for quality control prior to the creation of summative variables. 

 

Demographic, anthropometric, and cardiometabolic measures 

Participant age, sex, ethnicity, marital status, education, and smoking status were recorded 

at baseline. At baseline and 8 weeks (post-intervention), participants had their height 

measured (see section 3.5), and waist circumference measured at the umbilicus using an 

adjustable tape measure (HaB International Ltd., Southam, UK). Body mass and body fat% 

were measured as described in section 3.5. Blood pressure was measured in the seated 

position after participants had rested for >5 min. The Omron M5-I automated oscillatory 

device (Omron Matsusaka Co Ltd, Matsusaka, Japan) was used on the left arm. Participants 

were instructed to sit still with their feet flat on the floor and not talk whilst each measure was 

taken. Three measurements were taken with >2 min rest in-between. Mean arterial pressure 

was calculated as: 𝑀𝐴𝑃 ≅ 𝑃𝐷𝑖𝑎𝑠 + 
1

3
(𝑃𝑆𝑦𝑠 −  𝑃𝐷𝑖𝑎𝑠). Participants also had their lipid profile 

measured at both time points via finger-prick in a non-fasted state (see section 3.17). 
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ActivPAL processing 

Processing of activPAL data was conducted using a validated method (Winkler et al., 2016). 

Initially, the data was downloaded using the same software used for initialisation 

(PALAnalysis v7.2.32). This software provides data in a raw format in addition to classifying 

behaviours (sitting/lying, standing and stepping) using a proprietary algorithm. The software 

graphical user interface was initially used to verify wear time fidelity. The researcher viewed 

each wear day to verify that >4 days of valid wear time had been obtained. 

 

In addition to classifying behaviours, the software produces data files containing raw, events 

and events xyz in .csv format, which can be used in numerous analytical processes. These 

files have been used by different research groups to process and interpret PA and sedentary 

behaviours (Winkler et al., 2016; Lyden et al., 2017; van der Berg et al., 2016). These output 

files have been processed in previous studies using bespoke macros in Microsoft Excel 

(Smith et al., 2015), the “activpal processing” package available in R studio (Lyden et al., 

2017), and two different algorithms designed to automatically identify waking behaviours 

(van der Berg et al., 2016; Winkler et al., 2016). Presently, authors provide limited 

information pertaining to the macros designed in excel. The “activpal processing” package 

designed by Lyden et al. (2017) is open-source, with comprehensive instructions for its use. 

However, the whole process of using this script is burdensome on the researcher as 

information pertaining to each participants’ waking/sleeping and non-wear times require 

manual imputation. Synonymously, two automated algorithms have been developed and 

validated against self-report. These algorithms use similar iterative approaches to identify 

when sleep and wake times are likely to occur (Winkler et al., 2016; van der Berg et al., 

2016). Though both algorithms perform similarly well during tests, the Winker et al. (2016) 

algorithm was chosen due to the larger dataset that it had been validated against, and the 

additional quality control of visual heatmaps incorporated in the approach. 
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The algorithm by Winkler et al. (2016) first locates a >5h continuous period of sitting/lying 

which is then iteratively expanded either side until postural changes are detected and sleep 

is deemed to have ended. This block of time is identified as non-waking time (sleep) and 

separated. The second step of the algorithm is to check that each day of data is of sufficient 

quality to include in analysis steps. For this study, any day where there was <10h waking 

data, >95% of waking time was one activity or <500 steps were detected, was deemed to be 

invalid and removed. After automated estimation of valid data using the above criteria, visual 

heatmaps were used for quality checking purposes. Each participants’ data was checked 

against their completed diary, and manual corrections were performed when the algorithms’ 

estimation of wake and sleep were incorrect by >30 min (see Figure 7.1). When all data had 

been manually corrected, summary variables were produced from the final data. This 

included the waking window duration, sitting (total, 0-30 min and >30 min), standing and 

stepping time, number of postural transitions and steps. Finally, work times from diaries were 

used to extract the same variables for workplace behaviours.  
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Figure 7.1. Example of a heatmap used to assess the accuracy of the automated sleep 

detection `algorithm before (A) and after (B) manual corrections were applied. Segments of 

time are coloured in red, orange and green for sitting, standing and stepping events, 

respectively.  
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Statistical analyses 

Data was analysed using methods described previously in section 3.21. For all linear mixed 

models in this chapter,’ participant ID’ and ‘cluster ID’ were entered as random factors. 

‘Study arm’ and ‘time’ were entered as fixed factors. Baseline values for each outcome 

variable were included as a covariate in each model.  

 

7.3 Results 

Twelve clusters were recruited and randomly allocated 1:1 to the intervention or control arm 

(six each). Overall, 89 participants were recruited at baseline, with slightly more participants 

in the intervention group (n=48) than the control group (n=41). Of these, 100% of clusters 

and 87.6% of participants were seen at follow up. At baseline and follow up, 100% and 

76.4% of participants provided valid daily and workplace activPAL data, respectively, all of 

which contained valid primary and secondary sitting and activity outcome data for ≥1 day 

and were thus included for analysis. Of the sample who provided activPAL data, none were 

excluded based on the inclusion restrictions for daily data and workplace data described 

above. In total, 74.2% of participants provided valid primary and secondary sitting and 

activity outcome data at both time points. Participant progression through the study is 

presented in Figure 7.2. 
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Figure 7.2. CONSORT flow diagram of participant progression through the study. 

 

 

  

Clusters seen n=6 

• Individuals seen (n=35) 

• Individuals not seen 

(n=4) 

• Providing primary 

outcome data (n=30) 

Clusters seen n=6 

• Individuals seen (n=43) 

• Individuals not seen 

(n=3)  

• Providing primary 

outcome data (n=38) 

 

Assessed for eligibility (n=135) 

Excluded (n=36) 

• Not meeting inclusion criteria 

(n=32) 

• Declined to participate (n=4) 

Analysed (n=48) 

Individual Withdrawals 

(n=0) 

 

Allocated to intervention (n=6) 

• Individual participants (n=48) 

• Did not receive allocated intervention 

(n=2) 

o Left the workplace (n=2) 

Individual Withdrawals 

(n=2) 

• Left workplace (n=1) 

• Changed to part-time 

hours (n=1) 

 

Allocated to Control (n=6) 

• Individual participants (n = 41) 

Analysed (n=41) 

 

1.1 Allocation 

1.2 Analysis 

1.3 Follow-Up 

Total participants consented n=99  

1.4 Enrollment 

Total participants assessed at baseline 

n=89 

Cluster randomised n=12 (average size 7.4, range 2-

14) 
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Table 7.1 provides descriptive data for participants in each study arm. The sample contained 

slightly more women than men, were on average approaching middle age, and more than 

half of participants were educated to at least tertiary level. Daily activity data at baseline 

showed that the sample recruited were highly sedentary, engaging in 10.5 (95% CI: 10.3, 

10.6) h/day of sitting, which accounted for 67.4 (65.7, 69.0) percent of waking hours. 

 

 

Table 7.1 Baseline characteristics of the study sample by randomisation group. 

Characteristic  Intervention group Control group All 

n 48 41 89 

Sex (women) 26 (54%) 25 (61%) 51 (57%) 

Age (years) 43.0 (39.4, 46.7) 43.7 (39.7, 47.7) 43.4 (40.7, 45.9) 

Ethnicity (BME) 16.7% 14.6% 15.7% 

Married 33.3% 29.3% 31.5% 

Education (Tertiary) 50.0% 63.4% 56.2% 

Current smoker 4.2% 9.8% 6.7% 

Previous smoker 31.3% 26.8% 29.2% 

BME; Black and minority ethnic group. Age is presented as mean (95% CI). 

 

 

Primary outcome 

Changes in workplace sitting are shown in Table 2. There was no significant difference 

between intervention and control in change in sitting time at work (p=0.164).  

 

Secondary outcomes 

There were significant differences in the change between groups for time spent in prolonged 

sitting bouts (-39.2 [95% CI -62.5 to -16.0, p=0.001] min/shift), number of prolonged sitting 
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bouts (-0.59 [-0.18 to -1.00, p=0.006] bouts/shift), number of sit-upright transitions (7.8 [3.9 

to 11.6, p<0.001] transitions/shift), stepping time (12.0 [7.4 to 16.6, p<0.001] min/shift), and 

number of steps (1156 [690 to 1622, p<0.001] steps/shift), all in favour of the intervention 

group with large effect sizes. 

 

Daily sitting and activity data are shown in Table 3. Significant differences were found 

between groups for change in the number of sit-upright transitions (4 [0.8, 7.2] 

transitions/day) and total steps (1100 [552, 1650] steps/day), in favour of the intervention 

group with large effect sizes. No other significant differences were observed. 

 

Data for cardiometabolic health outcomes are shown in Table 4. The change in waist 

circumference between groups (-1.6 cm) was significant (p=0.015) in favour of the 

intervention group (large effect), whereas changes in systolic blood pressure (-4.4 mmHg), 

mean arterial pressure (-2.4 mmHg) and fat free mass (-0.4 kg) were significant, in favour of 

the control group (p=0.010, p=0.040 and p=0.025, respectively) with medium-large effects. 

There were no significant differences between groups in any other cardiometabolic health 

outcome. 
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 Table 7.2. Changes in workplace sitting and activity outcomes at follow up by randomisation group 

 Intervention group  Control group Adjusted 

difference (95% 

CI)b 

Effect 

Sizeb 
p value 

Variable n Mean (95% CI)a 
  

n Mean (95% CI)a 

Sitting time per shift (min) 

Baseline 46 395.0 (381.7, 408.3)   41 394.1 (380.1, 408.1)      

Change at 8 weeks 38 -15.7 (-35.7, 4.3)   30 0.9 (-20.6, 22.5) -15.7 (-38.0, 6.5) 0.42 0.164 

Time in sitting bouts >30 min (min)            

Baseline 46 193.0 (179.1, 206.9)   41 191.5 (176.8, 206.2)      

Change at 8 weeks 38 -41.4 (-62.3, -20.5)   30 -0.7 (-23.3, 21.9) -39.2 (-62.5, -16.0) 0.98 0.001 

Number of sitting bouts >30min         

Baseline 46 3.68 (3.43, 3.93)  41 3.63 (3.37, 3.89)    

Change at 8 weeks 38 -0.69 (-1.06, -0.32)  30 -0.05 (-0.45, 0.35) -0.59 (-1.00, -0.18) 0.87 0.006 

Number of sit-upright transitions 

Baseline 46 33.1 (30.9, 35.4)  41 33.2 (30.8, 35.6)    

Change at 8 weeks 38 5.9 (2.5 ,9.3)  30 -1.9 (-5.7, 1.7) 7.8 (3.9, 11.6) 1.16 <0.001 

Standing time (min)                

Baseline 46 95.4 (85.5, 105.3)   41 96.1 (85.7, 106.6)      

Change at 8 weeks 38 15.7 (0.8, 30.5)   30 0.8 (-15.2, 16.9) 14.1 (-2.5, 30.6) 0.51 0.095 

Stepping time (min)                

Baseline 46 34.2 (31.5, 36.9)   41 35.4 (32.5, 38.3)      

Change at 8 weeks 38 15.8 (11.8, 19.9)   30 2.6 (-1.8, 7.0) 12.0 (7.4, 16.6) 1.64 <0.001 

Steps per work shift                
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Baseline 46 3264 (2986, 3540)   41 3396 (3104, 3688)      

Change at 8 weeks 38 1520 (1106, 1934)   30 230 (-218, 678) 1156 (690, 1622) 1.57 <0.001 

Bold text indicates a statistically significant intervention effect (p≤0.05). 

aEstimated marginal means adjusted for outcome values at baseline. 

bEstimated from pairwise comparisons of marginal means adjusted for outcome values at baseline. 
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Table 7.3. Changes in daily sitting and activity outcomes at follow up by randomisation group 

  Intervention group   Control group Adjusted difference 

(95% CI)b 

Effect 

sizeb 
p value 

Variable n Mean (95% CI)a   n Mean (95% CI)a 

Sitting time per day (min) 

Baseline 46 627.6 (612.3, 643.0)  41 626.5 (609.8, 643.2)     

Change at 8 weeks 38 -14.7 (-37.3, 8.0)  30 -12.5 (-37.9, 12.9) -1.0 (-26.4, 24.4) 0.05 0.936 

Time in sitting bouts >30 min (min) 

Baseline 46 335.2 (317.8, 352.6)  41 334.1 (315.1, 353.1)     

Change at 8 weeks 38 -35.5 (-61.3, -9.7)  30 -26.3 (-55.2, 2.5) -8.1 (-36.9, 20.8) 0.18 0.582 

Number of sitting bouts >30min         

Baseline 46 5.98 (5.69, 6.27)  41 5.91 (5.60, 6.23)    

Change at 8 weeks 38 -0.59 (-1.02, -0.17)  30 -0.36 (-0.83, 0.12) -0.16 (-0.64, 0.31) 0.27 0.498 

Number of sit-upright transitions         

Baseline 46 53.5 (51.6, 55.5)  41 53.8 (51.7, 55.9)    

Change at 8 weeks 38 5.2 (2.4, 8.1)  30 1.0 (-2.2, 4.2) 4.0 (0.8, 7.2) 0.73 0.013 

Standing time (min)          

Baseline 46 220.0 (209.8, 230.2)  41 219.7 (208.5, 230.9)     



131 
 

Bold text indicates a statistically significant intervention effect (p≤0.05). 

aEstimated marginal means adjusted for outcome values at baseline. 

bEstimated from pairwise comparisons of marginal means adjusted for outcome values at baseline.

Change at 8 weeks 38 2.4 (-12.8, 17.5)  30 15.1 (-1.8, 32.1) -12.5 (-29.5, 4.5) 0.42 0.149 

Stepping time (min)         

Baseline 46 89.0 (84.9, 93.2)  41 90.0 (85.5, 94.5)     

Change at 8 weeks 38 11.8 (5.7, 17.8)  30 9.8 (3.0, 16.6) 1.0 (-5.8, 7.8) 0.16 0.770 

Steps per day         

Baseline 46 7668 (7336, 7998)  41 3863 (7726, 8086)     

Change at 8 weeks 38 1212 (726, 1700)  30 52 (-492, 596) 1100 (552, 1650) 1.19 <0.001 
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Table 7.4 Cardiometabolic health changes at follow up by randomisation group. 

  Intervention group   Control group Adjusted Difference 

(95% CI)b 

Effect 

Sizeb 
p-value 

Variable n Mean (95% CI)a   n Mean (95% CI)a 

 

  

Weight (kg) 
 

             

Baseline 48 76.8 (74.7, 79.0)  41 76.0 (73.6, 78.3)    

Change at 8 weeks 43 -2.6 (-5.8, 0.6)  35 -0.1 (-3.6, 3.3) -1.6 (-5.1, 1.9) 0.40 0.373 

Body mass index (kg/m2) 
 

             

Baseline 48 25.9 (25.8, 26.1)  41 25.9 (25.8, 26.1)    

Change at 8 weeks 43 0.1 (-0,2, 0.2)  35 0.0 (-0.2, 0.3) 0.1 (-0.2, 0.3) 0.23 0.675 

Waist circumference (cm) 
 

             

Baseline 48 86.5 (85.7, 87.3)  41 86.4 (85.6, 87.3)    

Change at 8 weeks 43 -2.5 (-3.7, -1.4)  35 -0.9 (-2.2, 0.4) -1.6 (-2.9, -0.3) 0.69 0.015 

Body fat%         

Baseline 48 28.8 (28.4, 29.2)  41 28.8 (28.3, 29.2)    

Change at 8 weeks 43 0.0 (-0.5, 0.6)  35 -0.2 (-0.9, 0.4) 0.3 (-0.3, 0.9) 0.18 0.374 

Fat-free mass (kg)         

Baseline 48 53.4 (53.1, 53.6)  41 53.3 (53.0, 53.6)    

Change at 8 weeks 43 -0.4 (-0.7, 0.0)  35 0.1 (-0.3, 0.5) -0.4 (-0.8, 0.1) 0.70 0.025 

Systolic blood pressure (mmHg)         

Baseline 48 125.4 (123.4, 127.4)  41 126.8 (124.6,129.0)    

Change at 8 weeks 44 -0.4 (-3.3, 2.6)  35 -6.1 (-9.4, 2.8) 4.4 (-7.7, 1.1) 0.65 0.010 

Diastolic blood pressure (mmHg) 
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HDL, high-density lipoprotein cholesterol. 

Bold text indicates a statistically significant intervention effect (p≤0.05). 

aEstimated marginal means adjusted for outcome values at baseline. 

bEstimated from pairwise comparisons of marginal means adjusted for outcome values at baseline.  

 

Baseline 48 77.8 (76.5, 79.1)  41 78.8 (77.4, 80.2)    

Change at 8 weeks 44 1.0 (-0.9, 2.9)  35 -1.7 (-3.8, 0.4) 1.7 (-0.5, 3.9) 0.71 0.120 

Mean arterial pressure (mmHg)         

Baseline 48 93.8 (92.4, 95.2)  41 94.8 (93.3, 96.3)    

Change at 8 weeks 44 0.2 (-1.8, 2.2)  35 -3.1 (-5.4, -0.9) 2.4 (0.1, 4.6) 0.82 0.040 

Total cholesterol (mmol/L)         

Baseline 48 4.42 (4.30, 4.55)  41 4.43 (4.29, 4.56)    

Change at 8 weeks 44 0.06 (-0.12, 0.24)  34 -0.01 (-0.21, 0.19) 0.06 (-0.14, 0.26) 0.19 0.538 

HDL (mmol/L)         

Baseline 48 1.39 (1.34, 1.43)  41 1.40 (1.35, 1.45)    

Change at 8 weeks 44 -0.01 (-0.08, 0.05)  34 0.02 (-0.04, 0.09) 0.04 (-0.03, 0.12) -0.24 0.221 

Total cholesterol / HDL ratio         

Baseline 48 3.52 (3.37, 3.66)  41 3.45 (3.29, 3.60)    

Change at 8 weeks 44 -0.02 (-0.24, 0.19)  34 -0.06 (-0.30, 0.18) 0.11 (-0.13, 0.34) 0.09 0.360 
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7.4 Discussion 

 

This study demonstrates the efficacy of a short-term multi-component workplace intervention for 

reducing prolonged sitting time in an office setting. During working hours, the intervention 

significantly reduced time spent in prolonged sitting in comparison to the control group, which 

indicates that the intervention participants broke up their sitting time more often, as evidenced by 

the concomitant increase in the number of workplace sit-upright transitions. More frequent sit-

upright transitions may have been promoted by several of the intervention elements, such as the 

educational presentation and prompt software. The intervention did not result in a significant 

difference (-15.7 min/shift) in workplace sitting time, although there was a medium effect size in 

favour of the intervention group. Previous multicomponent interventions have reported larger 

reductions (50-125 min/day) in workplace sitting time (Carr et al., 2013; Neuhaus et al., 2014b; 

Carr et al., 2016; Healy et al., 2013; Danquah et al., 2017; Edwardson et al., 2018b), of which 

some have seen an accompanied reduction in prolonged sedentary time (Healy et al., 2013; 

Danquah et al., 2017; Edwardson et al., 2018b). However, these interventions involved the 

provision of height-adjustable workstations or portable pedal machines, whereas the present study 

did not. This suggests that active workstation provision may be required in order to significantly 

reduce total workplace sitting time. The provision of a height-adjustable workstation permits 

continued work at a computer whilst standing (Chau et al., 2016; Dutta et al., 2014; Healy et al., 

2013; Edwardson et al., 2018b) as opposed to encouraging regular ambulation. Yet, breaking up 

sitting with short frequent bouts of standing only appears to be beneficial metabolically in those 

with impaired metabolic health (Henson et al., 2016), whereas light and moderate intensity 

ambulation has stronger associations with metabolic health across the general population, which 

is more reflective of the sample in the present study (Edwardson et al., 2017a). It is plausible that 

the act of standing at a height-adjustable workstation may increase the likelihood of an individual 

spontaneously engaging in light-intensity PA due to some of the inertia of getting out of their chair 

having already been overcome. However, there is no evidence to-date which suggests that this 

has been investigated to-date. The reduction in prolonged sitting may be beneficial to health 
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despite the total time spent sitting remaining similar. Indeed, Healy et al. (Healy et al., 2008) 

observed significant beneficial associations between a higher number of breaks in sedentary time 

and cardiometabolic risk markers, independent of total sedentary time. The current 

multicomponent intervention was indeed effective in reducing prolonged sitting in the workplace 

but may need to be accompanied by an active workstation to significantly reduce total workplace 

sitting time. 

 

The number of daily (total waking hours) sit-upright transitions and daily steps significantly 

increased in the intervention group compared with controls. However, the change between groups 

in daily prolonged sitting time, total sitting time and the number of daily prolonged sitting bouts did 

not differ at follow-up. Although there were reductions in daily prolonged sitting time and the daily 

number of prolonged sitting bouts in the intervention group, a concomitant improvement in the 

control group rendered the differences between groups non-significant. As the intervention group 

reduced prolonged sitting time and increased the number of sit-upright transitions during work 

hours compared with the control, it could be inferred that being part of the study motivated the 

control group to change their behaviour outside of working hours, given that they did not receive 

any intervention to assist them in making changes during work hours. Despite efforts to minimise 

contamination between study arms, the control group were aware of the aims of the study and 

may have had some knowledge of the nature of the intervention that could have influenced their 

daily behaviour. The intervention groups’ change in daily sitting and activity was very similar to 

their change in workplace sitting and activity, which suggests that most of the changes observed 

were not outside of work hours. Therefore, although there were beneficial changes in daily sit-

upright transitions and total steps, this intervention resulted in more improvements in sitting time 

and activity variables during working hours, suggesting that complementary components targeting 

behaviour changes outside of work may also be needed. 

 

Given that the present intervention focused on reducing sitting time, the increased workplace 

stepping time appears to be an additional, albeit related, benefit. Previous interventions targeting 
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sitting reductions using multicomponent interventions involving a height-adjustable workstation 

have decreased sitting time at work, whilst marginally increasing stepping (i.e. by 7%) within the 

workplace (Danquah et al., 2017), or observing no effect on stepping at all (Chau et al., 2016; 

Healy et al., 2013; Healy et al., 2016; Edwardson et al., 2018b). The only other established 

method by which stepping time has been increased was via the use of treadmill desks in the 

workplace (Tudor-Locke et al., 2014; Schuna et al., 2014; John et al., 2011). However, the major 

challenges of large capital investment, shared usage and long-term adherence remain prominent 

issues with regards to the implementation of these in an office environment (Tudor-Locke et al., 

2014). Nonetheless, it appears that multicomponent strategies including the provision of both 

active workstations and pedometers may be necessary to maximise changes in workplace 

behaviour (i.e. sitting and physical activity) for health promotion. 

 

The present study incorporated the use of pedometers and a step challenge to encourage an 

increase in workplace steps, which is an effective strategy for reducing sedentary behaviour 

(Gardner et al., 2016; Qiu et al., 2015). Despite the relatively low cost of pedometers, self-

monitoring is an important technique for behaviour change (Abraham and Michie, 2008) and 

intervention groups with the ability to track their own behaviour have greater improvements in 

stepping compared to those with no pedometer access (Brakenridge et al., 2016). De Cocker et al. 

(2008) and Compernolle et al. (2015) reported an 896 and 1056 increase in total daily steps, 

respectively, in addition to reduced daily sitting time (De Cocker et al., 2008), in response to 

interventions that focused on increasing physical activity levels. However, in the present study, the 

intervention did not reduce total workplace or daily sitting, possibly because the pedometer used 

did not enable participants to self-monitor their sitting time (the primary target behaviour). Indeed, 

there is a distinct lack of self-monitoring tools that focus on sitting time rather than physical activity 

(Sanders et al., 2016), hence why a pedometer was chosen supplemented with computer software 

to prompt regular breaks in sitting. Nevertheless, the present intervention appears to have promise 

for increasing workplace physical activity (in addition to reductions in prolonged sitting time) given 

the increase of 1520 steps per day during working time. This increase in steps, however, had a 
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limited clinical impact on the health variables in the current study. Previous research has 

associated an increase of >2000 steps per day with a 10% reduced risk of a cardiovascular event 

(Yates et al., 2014) and a 6% lower risk of all-cause mortality per 1000 steps per day increase 

(Dwyer et al., 2015). More research is warranted to investigate whether similar increases in steps 

can evoke health benefits over longer follow-up periods. 

 

Despite the relatively short nature of the present intervention, a significant 1.6 cm reduction in 

waist circumference was observed in the intervention group relevant to the controls. Previous 

research has reported no change in waist circumference after a one-month multicomponent 

workplace intervention that reduced total and prolonged sedentary time during working hours 

(Danquah et al., 2017). This may have been due to sitting time in the study by Danquah et al. 

(Danquah et al., 2017) being primarily replaced with standing, while in the present study sitting 

time appeared to be primarily replaced with stepping, which elicits a greater increase in energy 

expenditure (Creasy et al., 2016). Carr et al. (2013) observed a significant 1.0 cm reduction in 

waist circumference following a three-month multicomponent intervention and Freak-Poli et al. 

(2011) observed a significant 1.6 cm reduction in waist circumference following a four-month 

workplace pedometer intervention; each of these studies primarily replaced sedentary time with 

cycling or stepping. This supports the efficacy of workplace sedentary behaviour interventions for 

improving adiposity levels when sitting is replaced with activities that expend more energy than 

standing.  

 

Unexpectedly, the control group had favourable responses in systolic blood pressure, mean 

arterial pressure and fat-free mass in the present study compared with the intervention group. This 

could be due to various factors including changes in dietary behaviours, stress, or treatment 

contamination during the study period. A previous single component (height-adjustable 

workstations) 8-week intervention that resulted in an 80 min/day reduction in workplace sitting 

reported beneficial diastolic blood pressure and total cholesterol responses (L et al., 2015), while a 

single component prompt intervention significantly reduced mean arterial pressure (Mainsbridge et 
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al., 2014). However, several multicomponent interventions lasting 4-16 weeks that reduced 

workplace sitting by 59-125 min have reported no cardiometabolic benefits other than reduced 

waist circumference (Healy et al., 2013; Carr et al., 2016; Carr et al., 2013; Healy et al., 2017). 

The reason for the lack of change in many cardiometabolic markers across these studies may be 

that the samples were relatively healthy in terms of their cardiometabolic health and the benefits of 

breaking up sitting may be more pronounced in obese/dysmetabolic populations (Benatti and 

Ried-Larsen, 2015; Dempsey et al., 2016b; Miyashita, 2008). Thus, the dose of physical activity 

(i.e., intensity and duration) and reductions in prolonged sitting in these studies may have not been 

sufficient to evoke beneficial changes in cardiometabolic health. It is well established that breaking 

up sitting with short, frequent walking breaks are acutely beneficial to numerous cardiometabolic 

risk markers in heterogeneous populations (Benatti and Ried-Larsen, 2015). However, these study 

designs measure postprandial responses, which may be more sensitive than the single time-point 

measures used in the present study (O'Keefe and Bell, 2007). Therefore, it is also possible that 

the lack of cardiometabolic changes are due to the type of measures employed or the timing of the 

measurement (i.e., chronic rather than acute responses). Further research is thus required to 

examine the comparative effects of reductions in total sitting time and prolonged sitting time and 

explore whether the duration and intensity of activity used to break up sitting is an important factor 

for cardiometabolic health changes. Moreover, the efficacy of these interventions for improving 

cardiometabolic health in obese and dysmetabolic populations requires investigation.  

 

Strengths of the present study include the fully powered cluster RCT design. Additionally, there 

was a successful change in prolonged sitting time at work without the use of height-adjustable 

workstations. This is important as the cost-effectiveness of active workstations for reducing sitting 

and improving health is yet to be reported (Tew et al., 2015). Furthermore, sitting, standing and 

stepping were measured objectively with a high compliance rate, which presents a further 

strength. However, the use of subjective diaries for quality control of the activPAL data is a 

potential limitation as participants’ reported waking and working times may not be accurately 

reported. Further limitations include the intervention being conducted across one worksite, which 
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limits the generalisability of the findings to other workplaces where environmental and cultural 

differences may affect the impact of the intervention and also increases the risk of potential 

contamination between control and intervention clusters, despite the different clusters being 

distinctive from each other physically. Additionally, this study was unable to assess the 

effectiveness of each individual intervention component. Although research comparing different 

intervention strategies is limited, Parry et al. (2013) reported that no one single strategy was more 

effective for reducing workplace sitting. Further research is warranted to determine the 

comparative effectiveness of different workplace sitting reduction strategies. The blood sample 

collection time for the measurement of lipids was not standardised at each data collection point. 

Although non-fasting lipid profiles predict cardiovascular risk (Langsted, Freiberg and 

Nordestgaard, 2008), it is possible that the timing of prior food intake may minimally affect HDL 

concentrations, which could have influenced the findings in the present study. Additionally, there 

was no follow-up period post-intervention to ascertain the sustainability of the behavioural changes 

observed and whether any longer-term cardiometabolic benefits could have been achieved. 

 

In conclusion, this cluster RCT observed a significant reduction in workplace prolonged sitting 

time, but not total sitting time, with a concomitant increase in sit-upright transitions and ambulation 

in office workers. These workplace changes in sitting and activity occurred without the use of an 

active workstation, which suggests that this multicomponent intervention may be an effective low-

cost health promotion strategy in relation to waist circumference and fat-free mass. These findings 

suggest that breaking up sitting every 20-30 min, as investigated in studies 1 and 3 in a laboratory-

setting, is a feasible strategy which can be implemented in a real-world setting. Study 1 and 3 also 

observed suppressed appetite when engaging in multiple walking bouts, of which the 8-week 

effect of this may be manifested in this study by the changes in body composition in the 

intervention group at 8 weeks.  
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Chapter 8: Summary and contributions of thesis 

 

8.1 Chapter overview 

 

There has been an exponential growth in interest towards the field of sedentary behaviour and 

health in the past decade; in particular, the detrimental effects that high volumes of sitting may 

have on human health. This thesis demonstrates a body of novel research which investigated the 

effects of breaking up sitting on health by incorporating a variety of different physical activity break 

protocols ranging in frequency, duration and intensity. Several cardiometabolic risk markers were 

measured throughout the studies within this thesis to elucidate the effect that different strategies 

for breaking up sitting time have on health. Additionally, the potential effect that these strategies 

may have on appetite control was explored. The purpose of this chapter is to provide a summary 

of the thesis findings, their significance in this field of research, and highlight how this research 

should be developed in future work.  

 

8.2 Thesis summary 

 

There is now a large heterogenous pool of experimental studies investigating the acute effects of 

breaking up sitting time with physical activity on postprandial cardiometabolic risk markers (Benatti 

and Ried-Larsen, 2015; Dempsey et al., 2016b; Loh et al., 2019). The data within Chapter 4 

demonstrated that postprandial glycaemia can be attenuated in healthy adult men by engaging in 

2 min moderate-intensity PA breaks every 20 min after a high glycaemic index breakfast. This is 

congruent with other acute studies incorporating a similar protocol (Bailey et al., 2016; Bailey and 

Locke, 2015; Dunstan et al., 2012b). However, the data presented in Chapters 5 and 6 suggest 

that when PA bouts are further apart (30-60 min), they may not be frequent enough to suppress 

postprandial glycaemia in healthy adults, despite this being contrary to some other literature 

(Chrismas et al., 2019; Pulsford et al., 2017; Peddie et al., 2013). More research is needed to 

investigate the nuances between studies that might explain these conflicting results e.g. the 
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composition of test meals, timing of blood collection and participant characteristics. Additionally, 

the individual effect of a healthy diet in maintaining cardiometabolic health is a noteworthy element 

within a healthy lifestyle that should be investigated further in the context of sedentary behaviour.  

 

Several acute experimental studies have reported attenuated insulin responses when engaging in 

PA breaks during the postprandial period (Chrismas et al., 2019; Peddie et al., 2013; Dunstan et 

al., 2012b; Dempsey et al., 2016a; Henson et al., 2016; Pulsford et al., 2017). Chapter 6 observed 

a significant reduction in postprandial insulin levels when participants engaged in 2 min moderate-

intensity PA every 30 min. This effect was not observed in Chapter 4, despite the breaks being 

more frequent. This disparity could be due to the young men recruited having high insulin 

sensitivity. Similarly, no differences in postprandial insulin were observed in Chapter 5, though this 

is potentially due to the PA breaks being too far apart (hourly), or the timing of the PA breaks 

being too long after the tests meals when insulin concentrations were already returning to baseline 

levels. Further investigation seeking to elucidate the most effective strategy to ameliorate 

postprandial insulin is warranted, with a range of participants spanning the metabolic health 

spectrum recruited to better understand what PA strategy may be more important for specific 

populations.  

 

The effects of breaking up sitting with PA breaks on postprandial TG are relatively limited in 

comparison to glucose and insulin. Miyashita et al. (2016) observed attenuated postprandial TG in 

post-menopausal women when they engaged in 90 s moderate-intensity walking bouts every 15 

min. However, no differences were observed in Chapter 6 when sedentary, inactive adult women 

completed 2 min moderate-intensity PA bouts every 30 min. It is plausible that metabolically 

healthy participants may require a different combination of PA frequency, duration and/or 

intensities to experience a benefit in this risk marker. Indeed, participants in Chapter 5 had 

ameliorated postprandial TG concentrations when engaging in 2 min 32 s high-intensity PA bouts 

every hour compared with uninterrupted sitting, whereas a single continuous bout of moderate-

intensity PA had no effect. However, due to the change in all aspects of the PA breaks (frequency, 
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duration and intensity) it is not possible to determine which aspect of the PA breaks may be more 

important in attenuating TG concentrations in a sample of inactive and metabolically healthy 

adults. Congruent with a suppression in TG, Chapter 5 also observed an increase in HDL-C, 

whereas existing literature has failed to detect any changes in this metabolite (Bailey and Locke, 

2015; Engeroff et al., 2017). This is potentially due to Bailey and Locke (2015) not measuring 

HDL-C multiple times during the postprandial period and Engeroff et al. (2017) using cycling 

breaks instead of weight-bearing PA. Further research is warranted to elucidate the optimal 

combination of PA break frequency, intensity and duration for improving postprandial lipaemia 

across individuals of different health status. In conclusion, the metabolism of different postprandial 

cardiometabolic risk markers are improved by breaking up prolonged sitting with PA breaks. 

However, each risk marker may require subtly different types of PA breaks in order to be 

attenuated, and the unique demographic and metabolic health status of individuals should be 

considered when disseminating this type of regime to the wider public. 

 

The effects of continuous exercise bouts on appetite are well established, with a large body of 

evidence showing that appetite is acutely suppressed during, and in the immediate hour after 

exercise cessation (Stensel, 2010; Schubert et al., 2013; Schubert et al., 2014). However, the 

effects of sedentary behaviour and breaking up sitting with short bouts of PA is in its infancy. The 

data presented in Chapters 4 and 6 contributed evidence synonymous with existing literature 

(Bailey et al., 2016) which demonstrates no compensatory increase in appetite or energy intake 

when individuals break up sitting every 20 with 2 min moderate-intensity PA. Additionally, There 

was no change in any appetite-regulating hormones measured in Chapters 5 and 6, which is 

synonymous with existing research incorporating short bouts of PA (Bailey et al., 2016; Holmstrup 

et al., 2013b). It is feasible that the short durations of the PA bouts undertaken in this thesis and 

similar research are not long enough, or of sufficient intensity, to trigger the physiological 

pathways which result in alterations to acylated ghrelin and PYY concentrations. Indeed, 

traditional continuous exercise was associated with suppressed acylated ghrelin during 90 min 

treadmill running at 70% V̇O2max (King et al., 2010a), whereas brisk walking at 55% V̇O2max for 60 
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min did not (King et al., 2010b). However, as the durations, intensities and exercise modes 

(walking vs. running) were different between these two studies, it is not possible to ascertain which 

of these contributed towards the change in circulating acylated ghrelin. The work presented in 

Chapter 5 demonstrated that short, high-intensity PA bouts increased satiety and resulted in a 

modest reduction in relative energy intake in healthy inactive adults. Holmstrup et al. (2013b) 

observed increased satiation in overweight and obese adults who engaged in hourly 5 min cycling 

bouts, but the data in Chapter 5 suggests that in adults on the healthier side of the metabolic 

spectrum, PA of a higher intensity may be required to elicit changes in subjective appetite. These 

findings overall indicate that this type of activity regime could assist in weight management 

programmes.  

 

The acute experiments conducted in Chapters 4 to 6 have demonstrated benefits to 

cardiometabolic health and appetite in response to breaking up sitting time. The final experimental 

chapter in this thesis (Chapter 7) thus sought to assess the efficacy of a multi-component 

workplace intervention for reducing office workers sitting time and the potential benefits this could 

have on cardiometabolic health. An 8-week multicomponent intervention incorporating 

organisational, environmental and individual elements resulted in significant reductions in 

workplace prolonged sitting time, and increased workplace postural transitions and stepping time. 

There was no alteration in workplace total sitting time, likely due to the study not providing height-

adjustable workstations to participants. However, the intervention still observed significant 

improvements in waist circumference and fat-free mass, which supports cross-sectional evidence 

suggesting that reductions in prolonged sitting time are associated with cardiometabolic risk 

markers, even when models are adjusted for total sitting time (Healy et al., 2008; Bellettiere et al., 

2017). Despite alterations in workplace behaviours there was no change in waking hours, 

congruent with findings from other workplace interventions (Edwardson et al., 2018b; Danquah et 

al., 2017), highlighting the need for future interventions to provide additional components that 

specifically target leisure time sedentary behaviour. The outcomes in Chapter 7 support the 

efficacy that low-cost interventions not providing specialised equipment can still positively 
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influence behaviour change in the workplace, with slight improvements to cardiometabolic health. 

Future workplace interventions should now seek to build on the evidence demonstrating that 

behaviour change in the workplace is attainable for up to 12 months (Edwardson et al., 2018b; 

Healy et al., 2016), by investigating interventions over longer periods of time to see whether 

behaviour change is maintained and if additional cardiometabolic health benefits arise. 

 

There are some strengths and limitations of this thesis which warrant discussion. Firstly, the main 

strength of this thesis is that it’s primary objective was achieved; this is the first body of work to 

systematically investigate how breaking up sitting with breaks differing in intensity, frequency and 

duration impact cardiometabolic and appetite markers. Furthermore, each experimental study in 

some way was used to inform and inform the next, culminating in a workplace intervention which 

utilised the evidence obtained from acute laboratory-based research to assist with behaviour 

change in a real-world setting. Additionally, most of the data from these studies has already been 

disseminated, showing that the line of inquiry is of sufficient quality and interest to the wider 

scientific community and has already reached some of the intended audience for the body of work. 

There are also some limitations to the overall thesis. Firstly, as discussed in previous chapters, 

there were several factors which did not remain constant between acute experimental trials such 

as the age, sex and metabolic health status of participants recruited within chapters 4-6. This lack 

of consistency may somewhat detract from the readers ability to determine which strategies are 

most effective for improving health and appetite markers, whilst also limiting the ability of the 

researcher to make direct comparisons between studies. Secondly, the workplace intervention 

demonstrated efficacy in reducing prolonged sitting and increasing stepping time during work 

hours. However, this was only an 8-week efficacy study, and the ability of the thesis to postulate 

what the long effects of this type of behaviour change are is somewhat limited. 
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8.3 Significance of the thesis findings 

The main aim of this thesis was to investigate the effects of breaking up prolonged sitting on 

cardiometabolic risk markers and appetite. Four studies were designed to investigate various 

aspects of this paradigm, each with novel aspects which have been disseminated publicly to 

academic and non-academic audiences. Specifically, Chapter 4 was novel in that it investigated 

how the effects of breaking up sitting time with PA breaks are modulated by the glycaemic index of 

the test meals provided. This provides useful information for academic audiences to consider 

when test meals are designed for future research in this area. Additionally, this suggests a 

potentially mediating strategy which may be useful when the ability to break up sitting with PA is 

restricted. Chapter 5 was the first study to investigate the effects of breaking up sitting with short 

high-intensity bouts of PA compared with a continuous PA bout. Postprandial lipaemia was 

attenuated and subjective appetite was suppressed with no compensatory increase in energy 

intake observed. These findings support the possibility of this type of PA regime for assisting in 

weight management and improving cardiometabolic health. The findings in Chapter 6 was novel in 

that it was the first study to compare the effects of two different frequencies of PA breaks in 

sedentary adult women, whilst keeping the total volume of PA the same. The findings from this 

suggest that breaking up sitting with PA breaks is more effective in attenuating postprandial insulin 

when done more frequently. Finally, Chapter 7 demonstrated that low-cost interventions can be 

effective in reducing prolonged sitting time and improving some aspects of cardiometabolic health 

in the short term. The impact of these findings has been reported to the wider business in which 

the intervention took place and have assisted in changing workplace occupational health policies 

pertaining to sitting at work.  

 

The findings from this thesis will be of interest to several audiences including other researchers, 

workplace policy makers and medical practitioners, particularly in a primary care setting. The 

findings are of great relevance in a real world setting due to the high levels of sedentary behaviour 

achieved within office workers, which make up a significant proportion of the workforce. 

Additionally, the concomitant rise in the prevalence of cardiometabolic diseases within most 
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western societies as sedentary behaviours has increased provides justification that the findings 

from this thesis are of relevance to policy makers and medical practitioners. Firstly, other 

researchers designing laboratory-based trials should consider the nature of test meals provided in 

light of the influence that glycaemic index has on the effectiveness of PA breaks in attenuating 

postprandial cardiometabolic health markers. In light of the overall findings within this thesis, 

employers who are associated with sedentary occupations should review their current workplace 

policies and practices and how they might be amended to encourage employees to take regular 

breaks from sitting. The evidence from all four studies contributes to the body of literature which 

suggests that reducing sedentary behaviour, particularly prolonged sedentary bouts, is beneficial 

for the overall health of the workforce if the behaviour change is maintained. Finally, primary care 

practitioners will find that the evidence presented within this thesis strengthens the argument of 

discussing sedentary behaviour as distinctly different to physical inactivity when meeting with 

patients in a primary care setting. Asking patients to try and break up their sitting with frequent 

walking breaks may also be a viable alternative to encouraging the uptake of a structured exercise 

regime. 

 

8.4 Future directions for research in this field 

The results stemming from the experimental studies conducted within this thesis highlight several 

future directions for research which is warranted. The data in Chapter 4 suggests that in a young, 

metabolically healthy population of adult men, breaking up sitting may only be beneficial to 

postprandial metabolism following a high glycaemic index meal. These findings limit 

generalisability and further experimental research is warranted to investigate the level of 

importance that the glycaemic index of test meals has on women and other populations of differing 

metabolic health status. To further investigate the effects of glycaemic index meals on the 

effectiveness of breaking up prolonged sitting time, future research should also investigate the 

effects of multiple test meals to ascertain whether any carryover effects are observed at a second 

and third meal. Lastly, this study obtained finger-prick blood samples, rendering the measurement 

of appetite-regulating hormones unobtainable due to the amount of whole blood required to collect 
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enough plasma. Additionally, there was no provision of an ad libitum buffet meal. Future research 

should seek to assess whether PA breaks are compensated for following high or low glycaemic 

index meals. 

 

The second study in this thesis (Chapter 5) highlights the efficacy of high-intensity bouts of PA in 

improving postprandial lipaemia and suppressing appetite, resulting in an acute relative energy 

deficit. Future research should investigate the chronic effects of this type of PA regime on 

cardiometabolic health and energy balance to explore whether the effects of ameliorated lipaemia 

carries over, as observed by Miyashita, Burns and Stensel (2008) the day after breaking up sitting 

with brisk walking bouts. Secondly, it will be important to determine how tolerable high-intensity PA 

bouts are when completed by sedentary, inactive adults with relatively low cardio-respiratory 

fitness on a day-to-day basis. 

 

The final acute experimental study in this thesis (Chapter 6) demonstrated that high frequency 

moderate-intensity PA bouts are more beneficial to postprandial insulinaemia than less frequent 

bouts, whilst inducing lower relative energy intake. To build on this research, future acute studies 

should seek to measure energy intake and expenditure in the days after this type of trial to 

ascertain whether there was a delayed compensatory increase in energy intake or reduction in 

energy expenditure. Additionally, the generalisability of these findings to men should be explored, 

as well as clinical populations who may benefit from this type of PA as a therapeutic lifestyle 

change to manage cardiometabolic conditions, such as insulin resistance. 

 

Workplace interventions have become more numerous in the past decade in light of the high 

levels of sedentary behaviour observed in office workers. The intervention conducted in Chapter 7 

of this thesis showed promising results in terms of behaviour change and cardiometabolic health 

improvements. However, these were limited to workplace behaviour changes. Future research 

should aim to also target leisure-time sedentary time in order to improve sedentary behaviour 

across the entire waking day. The intervention in this thesis was only an efficacy study that had an 
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8-week follow-up. Future research should seek to include multiple periods of follow-up spanning a 

longer period. For example, following on from a recently published workplace intervention 

(Edwardson et al., 2018b), a cluster-randomised controlled trial is currently underway (Edwardson 

et al., 2018a) which includes a 2-year follow-up period with four time-points. As the career of an 

office worker could feasibly span over several decades, it is important that researchers in this area 

seek to evaluate the long-term effectiveness of workplace interventions to better understand the 

potential effects on health outcomes. 
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Appendices 

Appendix 1: Evidence of ethical approval 
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Appendix 3: Rating of perceived exertion (RPE) scale 
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Appendix 4: Visual Analogue Scale (VAS) 
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Appendix 5: Chapter 5 buffet description 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Left bowl: 
2x25g crisps 
1 Chocolate bar 
1 banana 
1 apple 
 
Green middle plate: 
10 slices ham 
35g butter in white boat 
40g Cheese, sliced 
 
Right white plate 
3 slices bread 
 
REMEMBER: 
Fork and knife on blue roll 
and green plate 
Stopwatch 
500 mL Water. 
Walkie-talkie 
Screen to block view 
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Appendix 6: Food preference questionnaire 

 

Food Preferences 

 

Please circle the number which best describes your liking of the following foods. Focus on how 

much you like the foods/drinks rather than how frequently you consume them: 

 

Cheddar Cheese 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

 □ Unsure 
 

White bread 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Brown bread 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Orange juice 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Whole milk 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Butter 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Ham 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Wafer thin Roast chicken slices 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Mayonnaise 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Ready salted crisps 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Cheese & Onion crisps 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
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Salt & Vinegar crisps 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 
 

Prawn cocktail crisps 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Cadbury milk chocolate 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Galaxy chocolate 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Coco pops cereal bar 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Frosties cereal bar 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Chocolate chip cookies 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Granny smith apple 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Banana 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
 

Mini oranges 
(Dislike extremely)    1    2    3    4    5    6    7    8    9    10     (Like extremely) 

□ Unsure 
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Appendix 7: Three-Factor Eating Questionnaire (TFEQ) 

 

TFEQ 
 

 
 
 
 

Please answer the following questions by circling the response. 

1. I deliberately take small helpings as a means of controlling my weight.  

definitely true                mostly true                  mostly false                definitely false 

2. I consciously hold back at meals in order not to gain weight.  

definitely true                mostly true                  mostly false                definitely false 

3. I do not eat some foods because they make me fat. 

definitely true                mostly true                  mostly false                definitely false 

4. How frequently do you avoid 'stocking up' on tempting foods? 

almost never                     seldom                        usually                    almost always 

5. How likely are you to consciously eat less than you want?  

unlikely                     slightly likely                  moderately likely                  very likely 

6. On a scale of 1 to 8, where 1 means no restraint in eating (eating whatever you want, 
whenever you want it) and 8 means total restraint (constantly limiting food intake and 
never 'giving in'), what number would you give yourself? 
 

Eat whatever I want, whenever I want it 
1 
2 
3 
4 
5 
6 
7 
8 

Constantly limiting food intake, never 'giving in' 

7. When I smell a sizzling steak or a juicy piece of meat, I find it very difficult to keep from 
eating, even if I have just finished a meal.  

definitely true                mostly true                  mostly false                definitely false 

R UE EE 

   

Score 
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8. Sometimes when I start eating, I just can't seem to stop. 

definitely true                mostly true                  mostly false                definitely false 

9. Being with someone who is eating often makes me hungry enough to eat also.  

definitely true                mostly true                  mostly false                definitely false 

10. When I see a real delicacy, I often get so hungry that I have to eat right away.  

definitely true                mostly true                  mostly false                definitely false 

11. I get so hungry that my stomach often seems like a bottomless pit. 

definitely true                mostly true                  mostly false                definitely false 

12. I am always hungry so it is hard for me to stop eating before I finish the food on my 
plate.  

definitely true                mostly true                  mostly false                definitely false 

13. I am always hungry enough to eat at any time.  

definitely true                mostly true                  mostly false                definitely false 

14. How often do you feel hungry?  

only at mealtimes                     sometimes between meals  

 often between meals                                     almost always 

15. Do you go on eating binges though you are not hungry? 
 
never                      rarely                      sometimes                   at least once a week 

16. When I feel anxious, I find myself eating.  

definitely true                mostly true                  mostly false                definitely false 

17. When I feel blue, I often overeat. 

definitely true                mostly true                  mostly false                definitely false 

18. When I feel lonely, I console myself by eating.  
 
definitely true                mostly true                  mostly false                definitely false 
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Appendix 8: Chapter 6 buffet description 

 

Buffet item Weight 

Pure orange juice from concentrate 500ml 

Tesco Whole Milk 500ml 

Tesco value white bread 2 slices 

Tesco value wholemeal bread 2 slices 

Anchor Original Spreadable 35g 

Tesco Mayonnaise 35g 

Tesco mature cheddar grated 50g 

Cooked sandwich ham 10 slices 

Walkers crisps - Ready Salted 1 

Walkers crisps - Cheese & Onion 1 

Walkers crisps - Salt & Vinegar 1 

Walkers crisps - Prawn cocktail 1 

Cadbury milk chocolate bar (45g) 1 

Galaxy Chocolate Bar (42g) 1 

Coco pops cereal bar (20g) 1 

Frosties cereal bar (25g) 1 

Maryland mini choc chip cookies (25g) 2 packs 

Granny smith apple 2 

Banana 2 

Tesco Orange mini pack 2 
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Appendix 9: ActivPAL instruction sheet 

Thigh Monitor Instructions (ActivPAL) 

  

How do I wear the monitor? 

• The Thigh Monitor is attached directly onto the skin and positioned on the front of 
the thigh, roughly 1/2 of the way between hip and knee with the stick man  

standing up (see picture). 

• Please wear the monitor every day for 8 days. 
 

• Please return you monitor to us at the reception on ____________________ 
 

• Please wear the Thigh Monitor continuously (24 hours/day) 

• The Thigh Monitor can be worn during sleep and is water resistant but please do not 
wear it when swimming or in the sea. 

• The adhesive patch that sticks the Thigh Monitor to your skin may last up to 8 days but 
to avoid skin irritation you may want to change the adhesive patch. 

Note: The Thigh Monitor will emit a green flash every 6 seconds. This is an indication that it is 

working and recording data.  

 

How do I change the adhesive patch? 

• You can watch this video for guidance on how re-attach your Thigh Monitor: 
https://www.youtube.com/watch?v=BuaRHz_BOA4  

• Remove the Thigh Monitor from your thigh and peel the adhesive patch off the Thigh Monitor. The 
monitor is covered in a waterproof sleeve and wrapped in one adhesive patch—please make sure 
that these remain on the monitor when you do this (they make the monitor waterproof). 

• With an alcohol prep wipe provided, thoroughly wipe down the area of your leg where the Thigh 
Monitor was attached. 

• Position the Thigh Monitor in the same spot as previously on your thigh (or on the other thigh if 
you have had a slight irritation), ensuring that the stick man on the front of the Thigh Monitor is 
standing up (head facing upwards).   

• Peel the covering off an adhesive patch (provided in your pack) and place it over the Thigh 
Monitor. Press the patch onto your skin, starting from the middle out towards the edges peel back 
the top layer of the patch and smooth out the air bubbles and wrinkles as much as possible to 
ensure that the Thigh Monitor is firmly secured to your thigh. 

• If you require assistance re-attaching your Thigh Monitor, or if you experience any skin irritation 
whilst wearing it, please call Ben Maylor on XXXXXXXXXXXX 

 

What else do I need to do? 

• It is important that you fill in the Daily Log on the following pages every day for the 8 days while 
you are wearing the monitor.  

• This helps us to look specifically at the data from when you were awake.  

  

 

https://www.youtube.com/watch?v=BuaRHz_BOA4
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Appendix 10: ActivPAL diary and instructions 

 

How to fill in the daily activity monitor log 

 

• The log is divided into 8 days. Please complete each question for all of the 8 days. Please try and be 
as accurate as possible—record the exact times if you can, or at least to the nearest 5 minutes of 
your estimated times. 

 

• Start by writing the date in the top row. 
 

• Record the time that you woke up and the time that you actually got out of bed. We ask for these 
two times because people sometimes spend time in bed before going to sleep or getting up and 
we are interested in distinguishing between actual sleeping time and time in bed before sleep or 
once awake, for example going to bed and watching TV for an hour before going to sleep.  
 

• Please write AM or PM next to your times. 
 

• Record the time that you started and finished work. This allows us to look at the data recorded 
whilst you were at work. 

 

• Record what time you got into bed to go to sleep and the time that you actually went to sleep 
time. (i.e., the estimated time that you fell to sleep not the time that you got into bed). This is 
important as the monitor cannot tell the difference between asleep and awake times.  

 

• Please record your sleep time first thing in the morning when you wake up along with recording 
your wake time and time that you got out of bed. 
 

• If you remove either device for longer than 10 minutes during the day please note down the time 
that you removed the device, the time length that the device is removed and the reason why you 
removed the device. This is particularly important as we cannot tell from the data if you are you 
are lying down or whether you have removed the device and are just not wearing it (the data looks 
the same when we look at it). 
 

• Being as accurate and thorough as possible when completing this log enables us to look at your 
data more accurately. 
 

• If you have any questions about the log please contact Ben Maylor on XXXXXXXXXXX 
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