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Abstract 

Sedentary behaviour is independently related to the development of type 2 diabetes, 

cardiovascular disease and their risk markers. The office workplace is a major contributor to 

daily sedentary behaviour (sitting); however, it also offers the opportunity to intervene with a 

large population. Desk-based police staff make up at least a third of UK police employees 

and experience poorer cardiometabolic health profiles than higher ranked police employees. 

The purpose of this thesis was to develop and assess the feasibility of delivering a tailored 

intervention to reduce prolonged sitting in police staff. The first aim of the thesis was to 

determine the effects of sedentary workplace interventions on cardiometabolic risk markers 

and ascertain the ‘active ingredients’ in promising studies (Study 1). The second aim was to 

gather qualitative insights into the acceptability of a theory-based workplace intervention 

using the APEASE framework (Study 2). The third aim was to interview police staff to 

understand their barriers and facilitators for reducing sedentary time (Study 3). The fourth 

aim was to assess the feasibility of conducting a multi-component intervention in police staff 

(Study 4).  

 

The systematic review (Study 1, Chapter 4) found that interventions show promise for 

improving cardiometabolic health. However, individual studies were at risk of allocation and 

performance bias. The behaviour change techniques of social comparison, problem solving, 

demonstration of the behaviour, goal setting, behaviour substitution, and habit reversal were 

frequently observed in promising interventions. In Study 2 (Chapter 5), a theory-derived 

sedentary behaviour office worker intervention comprising individual, organisational/social, 

and environmental modifications was acceptable and practicable. Productivity concerns and 

cost (of sit-stand desks) were barriers to organisational buy-in. Preference and work tasks 

influenced engagement with intervention resources. Police staff would benefit from a low-



 xiv 

cost intervention targeting social influences, education/skills training, and habit 

reinforcement (Study 3, Chapter 6). In Study 4 (Chapter 8), a tailored intervention was found 

to be feasible and acceptable for reducing prolonged sitting in police staff.  

 

This thesis provides a ‘roadmap’ for the development of interventions using the Behaviour 

Change Wheel. Findings from the feasibility trial identified key indicators of successful 

implementation regarding participant recruitment and retention, which should be considered 

should the intervention go to a full trial. Future research should investigate the long term 

behavioural and health effects of this intervention in police staff and other office-based 

occupations with the aim of improving public health. 
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Chapter 1: Introduction and rationale for the thesis 

Sedentary lifestyles are highly prevalent in the 21st century. The World Health Organization 

(WHO; 2018) attributes sedentary lifestyle choices to increased urbanism and technological 

advances. Sedentary leisure-time practices like TV viewing or screen-based activities, less 

active forms of transportation like car driving, and changing work practices towards technical 

or knowledge-based, desk-dependent tasks have contributed to the increase in daily sedentary 

behaviour (Brownson et al., 2005; Hallal et al., 2012). Sedentary behaviour is generally 

acknowledged to be any waking behaviour performed sitting or lying down where very little 

energy (≤ 1.5 metabolic equivalents) is expended. Sedentary behaviour occurs in the domains 

of work, travel and leisure, and includes such activities as television watching, computer use, 

gaming, commuting, reading, among other behaviours (Owen et al., 2011; Owen, Healy, et 

al., 2010). A 2012 survey of the general population in the UK estimated that 60% of all 

waking hours are spent sedentary (Townsend et al., 2015). Two decades of evidence has 

established that there is an association between daily sedentary behaviour and chronic 

noncommunicable disease risk for cardiovascular disease, type 2 diabetes, some types of 

cancer, obesity, and premature mortality (Bailey et al., 2019; Healy, Matthews, et al., 2011; 

Hu, 2003b; Owen, Healy, et al., 2010; Proper et al., 2011; Wilmot et al., 2012). This risk is 

often shown to be independent of moderate-to-vigorous physical activity (Healy, Dunstan, et 

al., 2008; SBRN, 2012). Furthermore, cardiometabolic risk markers, biological indicators of 

noncommunicable disease risk such as insulin, glucose, blood lipid levels, and blood 

pressure, have also shown to have detrimental associations with increased total sedentary 

behaviour (Brocklebank et al., 2015; Chastin, Egerton, et al., 2015; Healy, Clark, et al., 2011; 

Healy, Wijndaele, et al., 2008; van Uffelen et al., 2010). The increased risk of 

noncommunicable diseases and adverse cardiometabolic consequences associated with 
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sedentary behaviour could place a strong burden on office workers who spend large 

proportions of their working day seated (Clemes, O’Connell, et al., 2014b; Parry & Straker, 

2013; Prince et al., 2019; Thorp et al., 2012). 

 

One noncommunicable disease associated with sedentary behaviour is cardiovascular disease. 

Globally, it is the leading cause of mortality and is responsible for the death of 17.9 million 

people per year (Public Health England, 2019). Cardiovascular disease is a collective term 

for numerous heart and circulatory problems such as stroke, coronary heart disease, atrial 

fibrillation and heart failure (BHF, 2018). Atherosclerosis (fatty plaque build-up in the 

arteries) causes ischaemia with the resulting oxygen deficit leading to myocardial cell tissue 

damage. Cardiovascular disease alone is responsible for one in four deaths in the UK, and it 

is estimated that seven million people (10.5% of the UK population) are living with the 

disease (BHF, 2018). Ongoing healthcare costs are about nine billion pounds a year in the 

UK (BHF, 2018). Out of the 150,000 deaths from cardiovascular disease each year, 42,000 of 

these (28%) occur in people under 75, many of whom will be members of the workforce 

(BHF, 2018).  

 

Another noncommunicable disease associated with sedentary behaviour is type 2 diabetes. 

Diabetes mellitus is a condition whereby the body either cannot produce insulin (type 1), the 

hormone responsible for controlling blood glucose, or is unable to use insulin effectively 

(type 2) (WHO, 2018a). Type 2 is acquired and largely affected by lifestyle and health status 

(such as overweight and obesity). Poorly managed high blood glucose levels can lead to 

vascular and organ damage leading to secondary complications like the development of 

cardiovascular disease (WHO, 2018a). In 2016, worldwide figures showed that diabetes 

mellitus (all types) was the sixth leading cause of mortality, accounting for 1.6 million deaths 
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(Diabetes UK, 2019). This figure has been steadily rising with records showing a quadrupling 

of diagnosed cases from 108 million in 1980 to 422 million people in 2014, globally (WHO, 

2018a). Furthermore, in 2012, a 2.2 million deaths were attributed to hyperglycaemia (WHO, 

2018a). In the UK, over five million people (7.5% of the population) are expected to have 

diabetes mellitus (all types) by 2025 (Diabetes UK, 2019). Currently, 90% of diabetes 

diagnosed are type 2, which could be prevented and/or managed through behavioural and 

dietary changes (Diabetes UK, 2019). Adults diagnosed with diabetes mellitus have double to 

triple the risk of developing cardiovascular problems compared to those without the disease 

(BHF, 2018). Also, adults diagnosed with diabetes mellitus are at increased risk of death 

from stroke and coronary heart disease double that of the normal population (BHF, 2018). 

Interventions to prevent the onset of non-communicable diseases like cardiovascular disease 

and type 2 diabetes is an important population health goal.  

 

Sedentary work has been on the rise over the last seventy years contributing to sedentary 

lifestyles (Church et al., 2011). Sixty percent of the global population is employed, and those 

individuals typically spend 50-60% of their waking hours in the workplace (Prince et al., 

2019; WHO, 2008). There are fewer jobs requiring manual labour and more jobs occupying 

the service sector, due in large part to technological advances (Church et al., 2011). Workers 

are therefore acquiring less moderate-to-vigorous physical activity during work hours and 

amassing increased sedentary time (Owen et al., 2011, 2019). There are many occupations 

that could be defined as sedentary including transport workers (e.g., lorry, taxi, train, and bus 

drivers), heavy machine operators (e.g., those operating cranes, tractors), and factory 

production line workers, to name a few. However, the focus of this thesis was on office 

workers, a group that requires a type of intervention distinct from that required in these other 

sedentary occupations (Shrestha et al., 2016).  
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For office workers, the seated office contributes to a large proportion of their total daily 

sedentary time (Owen et al., 2011; Parry & Straker, 2013). On average, full-time adult office 

workers spend 70-80% of their working day seated with the majority of this time 

accumulated in sitting bouts ≥ 20 minutes (Clemes, O’Connell, et al., 2014b; Parry & 

Straker, 2013; Thorp et al., 2012). It is important to point out that the direct influence of 

sitting time at work on chronic disease risk (Body mass index, cancer, cardiovascular disease, 

diabetes mellitus) and mortality has been difficult to establish due to heterogenous study 

design and poor differentiation in studies between work and non-work sedentary time (van 

Uffelen et al., 2010). Even fewer studies have investigated the link between workplace 

sedentary behaviour and cardiometabolic risk, though there is evidence of a deleterious 

relationship especially when compounded with sedentary leisure time practices (Saidj et al., 

2013). Given that occupational sedentary time accounts for a large proportion of office 

workers’ daily sedentary time, this puts workers at risk of poor cardiometabolic health, which 

could lead to the development and/or worsening of chronic disease (Buckley et al., 2015; 

Owen et al., 2011).  

 

In order to combat the high levels of sedentary time contributing to chronic 

noncommunicable diseases, the World Health Organization (2018) has advocated a whole 

systems approach with workplaces as part of the solution. Observational (e.g., Healy, 

Dunstan, et al., 2008) and experimental studies (e.g., Bailey & Locke, 2015) indicate 

cardiometabolic risk markers can be improved via reducing and breaking up sedentary 

behaviour. Guidelines for sedentary behaviour are emerging but the evidence base is lacking 

for making robust and quantitative recommendations (Stamatakis et al., 2019). More research 

is needed into sedentary behaviour reduction interventions to determine their impact on 
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cardiometabolic health. Workplace interventions to specifically address sedentary behaviour 

associated with cardiometabolic risk markers are highly relevant for noncommunicable 

disease prevention and management, and therefore represent a pragmatic public health 

opportunity (Buckley et al., 2015). Workplace interventions in the past have had some 

success in reducing sedentary behaviour, but up until the start of this PhD, cardiometabolic 

risk marker adaptations under real world conditions remained unclear.  The sedentary office 

has been identified thus far as a pragmatic setting for its potential to reach a large segment of 

the population at risk for poor cardiometabolic risk marker health. 

 

1.1 Sedentary behaviour 

Sedentary behaviour has not always had a consistent definition in the literature (Tremblay et 

al., 2017). In part, this is due to the variety of behaviours typically associated with 

sedentariness like television viewing, desk work, commuting and other low energy activities 

undertaken while sitting or lying down (Tremblay et al., 2017). In the past, definitions have 

ranged from the brief to the etymological: 

‘“non-upright” activities’ (Chastin & Granat, 2010, p.83) 

‘…from the Latin word sedere, “to sit”…’ (Thorp et al., 2011, p.207) 

Researchers have argued over what predominantly defines sedentariness, some emphasising 

postural orientation such as sitting or lying (Chastin et al., 2012; Chastin & Granat, 2010) and 

others specifying low energy expenditure (Biddle et al., 2004; Tremblay et al., 2010). 

Problems finding suitable energy expenditure thresholds has led to discrepancies, with 

definitions ranging from <2.0 metabolic equivalent of task (METs) (Salmon et al., 2003), to 

≤1.5 METs (SBRN, 2012; Tremblay et al., 2010), to 1.0-1.5METs (Owen et al., 2000; Owen, 

Healy, et al., 2010; Owen, Sparling, et al., 2010; Pate et al., 2008; Thorp et al., 2011) to 1.0-
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1.8METs (Jans et al., 2007). METs are multiples of one’s resting metabolic rate expressed as 

kilocalories expended per kilogram of bodyweight per hour (kcal/kg/hour). METs render it 

possible to make comparisons across activities, for example, the body at rest is equal to 1.0 

MET, moderate activity like brisk walking takes 3.5 METs, and vigorous exercise like a high 

intensity workout would be 8.0 METs (see Figure 1.1).  
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Figure 1.1. Metabolic equivalents (METs) of various activities (Böhmer et al., 2014; as 

adapted from Holt, 2012)  

 

In 2017, the Sedentary Behaviour Research Network (SBRN) published their findings from a 

terminology consensus project with the aim of agreeing on definitions for a proposed list of 

terms relating to sedentary behaviour (Tremblay et al., 2017). Ultimately, the current 

consensus definition takes into account both posture and energy expenditure: 

Sedentary behavior [sic] is any waking behavior characterized [sic] by an 

energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, 

reclining or lying posture. (SBRN, 2012; Tremblay et al., 2017) 

A 24-hour movement and non-movement behaviour model was also developed to further 

distinguish waking sedentary behaviour from physical activity and sleep (see Figure 1.2) 

(Tremblay et al., 2017).  In the model, the day is broken up into sleep (~1 MET) and two 

waking behaviours: physical activity (> 1.5 METs) and sedentary behaviour (≤ 1.5 METs). 
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Sleep is identified as being performed lying down, sitting, or reclining. Physical activity is 

further broken down into light, moderate and vigorous activity, encompassing the activities 

of standing, sitting, reclining, lying and ‘other’. Sedentary behaviour is associated with the 

behaviours of lying, reclining and sitting, but again, at a very low energy expenditure. It is 

this overlap of behaviours (sitting, lying and reclining) in all three main behaviours (sleep, 

physical activity, and sedentary behaviour) that has led to confusion in past definitions. By 

including the MET values, the model serves to elucidate the differences more clearly. On the 

outer rim of the model, there are indications as to how these behaviours might be measured in 

all three domains (time, bouts, interruptions, breaks). The model, however, does not describe 

the particulars around what specific behaviours constitute sedentary behaviour. Thus, 

Tremblay et al. (2017) discuss and present examples of sedentary behaviour, caveats of key 

terms, and definitions of sedentary behaviour patterns like ‘prolonged sitting’ and ‘bouts’ in 

their consensus paper. These terms are explained in the following section. 
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Figure 1.2. The 24-hour movement and non-movement behaviour model (Tremblay et al., 

2017) 

 

1.1.1 Key terms 

Total sitting time and patterns of accumulation are two important areas of study in the field of 

sedentary behaviour. In this thesis, the term ‘sedentary time’ in the workplace context has 

been operationally defined as ‘sitting’ because of the typical sedentary behaviour exhibited in 

that setting (Buckley et al., 2015). Identifying how much sedentary time is accumulated 

throughout the workday and in what way (e.g., sitting bouts) is important for understanding 

the associated health risks. Sedentary behaviour can be defined using the following terms: 
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• Sedentary time: the time spent in sedentary behaviour for any period, regardless of 

context (e.g., the workplace) (Tremblay et al., 2017) 

• Sitting: A posture demarcated by an upright spine, where one’s weight is supported 

by one’s buttocks as opposed to one’s feet (Concise Oxford English Dictionary, 2017; 

Tremblay et al., 2017) 

• Sedentary bout: An uninterrupted duration of sedentary time (Altenburg & 

Chinapaw, 2015; Kim et al., 2015; Tremblay et al., 2017) 

• Sedentary break: ‘A non-sedentary bout in between two sedentary bouts’ (Tremblay 

et al., 2017) 

• Sedentary behaviour pattern: ‘The manner in which sedentary behavior [sic] is 

accumulated throughout the day or week while awake (e.g., the timing, duration and 

frequency of sedentary bouts and breaks)’ (Chastin & Granat, 2010; Chinapaw et al., 

2014; Tremblay et al., 2017) 

 

Defining sedentary behaviour and identifying these key terms is an important step in 

sedentary behaviour research, though these definitions are by no means used exclusively in 

the literature (Stamatakis et al., 2019). However, by beginning to provide classifications such 

as these, researchers can report on discrete aspects of sitting time and behaviour patterns as 

they relate to sedentary behaviour, thus allowing for more detailed understanding of the 

phenomenon as a whole. In sedentary workplace intervention studies, these definitions 

provide a starting point to understand how interventions work to change occupational 

sedentary behaviour (Buckley et al., 2015). Furthermore, these key terms provide a starting 

point for discerning dose-response relationships between sedentary behaviour and health 

outcomes.  
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1.1.2 Sedentary behaviour as distinct from physical inactivity 

Sedentary behaviour has been found to be distinctly different from physical inactivity from 

both a behavioural standpoint and a health outlook (SBRN, 2012; Tremblay et al., 2017). 

Physical inactivity refers to when someone does not meet the 150 minutes per week 

recommended guidelines for exercise. Exercise being defined here as moderate-to-vigorous 

physical activity intentionally performed for health and/or fitness reasons (Piercy et al., 

2018). It is possible for a person to be simultaneously physically active and highly sedentary, 

also known as the ‘active couch potato’ phenomenon (Owen, Healy, et al., 2010) (see Figure 

1.3). Indeed, research demonstrates a weak correlation between sedentary time and moderate-

to-vigorous physical activity (Healy, Wijndaele, et al., 2008). On the other hand, a significant 

negative relationship has been found between light intensity physical activity and sedentary 

time (Healy et al., 2007; Healy, Wijndaele, et al., 2008). Light intensity physical activity has 

been defined as behaviours such as light walking or doing household chores (Buman et al., 

2014). Sedentary workplace interventions that replace sedentary time with standing and/or 

light ambulation may be beneficial in addressing this imbalance. 
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Figure 1.3. The ‘active couch potato’ phenomenon. 

Whereby an individual is highly active for 31 minutes/day on average (shown in red shaded 

areas), but overall has a highly sedentary day (blue shaded areas). Figure shows a single 

week of accelerometer-derived data where moderate-to-vigorous physical activity is defined 
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as > 1,951 counts/minute and wakeful sedentary behaviour as < 100 counts/minute (Owen, 

Healy, et al., 2010) 

 

On average, according to accelerometer data from the US National Health and Nutrition 

Examination Survey (1,714 white adults, 20-59 years), individuals allocated 3% of their 

waking day to moderate-to-vigorous physical activity, while the majority was spent in 

sedentary behaviour (58%) and the remainder in light intensity physical activity (39%) 

(Owen, Healy, et al., 2010). Moreover, for those individuals most sedentary, increases in 

sedentary time was due to reallocation of time otherwise spent in light intensity physical 

activity (Owen, Sparling, et al., 2010). Thus, there is a direct trade-off between time spent 

sedentary and in light activity (Biddle, 2018; Healy, Wijndaele, et al., 2008; Owen, Sparling, 

et al., 2010).  

 

Underpinning the unique behavioural aspects of sedentary behaviour, are its distinct health 

consequences. Sedentary behaviour predicts chronic disease health risks independently of 

physical activity levels (Bailey et al., 2019; Hamilton et al., 2004; Healy, Wijndaele, et al., 

2008; Katzmarzyk et al., 2009; Owen et al., 2000; Owen, Healy, et al., 2010; Pate et al., 

2008; Rosenberg et al., 2008). Links exist between increased sedentary time and obesity (Hu, 

2003a; Hu et al., 2003), type 2 diabetes (Hu, 2003a; Hu et al., 2001, 2003), cardiovascular 

disease (Dunstan et al., 2011), metabolic syndrome (Dunstan et al., 2005; Sisson et al., 2009), 

and premature mortality (Thorp et al., 2011). The only controversial health outcome at 

present may be mortality risk. Ekelund et al. (2016) performed a harmonised meta-analysis 

which found that the sedentary behaviour risk for premature mortality could be attenuated by 

60-75 minutes per day of moderate-to-vigorous physical activity. However, evidence 

suggests that very few individuals regularly undertake this amount of exercise (Chastin et al., 
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2009; Colley et al., 2011; Troiano et al., 2008). A more recent meta-analysis by Ekelund et 

al. (2019) clarified that higher amounts of any physical activity (of any intensity) along with 

reduced sedentary behaviour, mediated premature mortality risk in adults middle aged and 

older. This has implications for the sedentary office where a large proportion of the working 

population’s sedentary time is accumulated (van Uffelen et al., 2010). Sedentary workplace 

interventions, where strategies to reduce, break up and replace sitting time with standing and 

light physical activity (e.g., “Stand up, sit less, move more” – Stand Up Victoria!) are 

employed, have been shown to effectively reduce workplace sitting time (Dunstan et al., 

2013; Healy et al., 2013, 2016). As part of a whole systems approach, sedentary workplace 

interventions could contribute to reduced population mortality risk by reducing sitting time 

and replacing it with standing and/or light intensity physical activity. In conclusion, sedentary 

behaviour is a distinct behaviour in its own right for intervention purposes and targeting the 

sedentary workplace (the office) is appropriate and pragmatic for addressing population 

health goals. 

 

In conclusion, this thesis adhered to the definition of sedentary behaviour and patterns of 

accumulation put forth by the SBRN. The aim of this PhD was to develop a workplace 

intervention to specifically reduce sedentary time, a distinct set of behaviours associated with 

metabolic disease progression.  

 

1.2 Relationship between sedentary behaviour and cardiometabolic risk 

markers 

1.2.1 Cardiometabolic risk markers 

Cardiometabolic risk markers are biological signs of the body relating to heart, vascular, and 

metabolic health that indicate the presence or risk of developing chronic diseases like 
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cardiovascular disease and/or type 2 diabetes (Dunstan et al., 2012; Healy, Matthews, et al., 

2011). Typical cardiometabolic risk markers for measurement include fasting and post-

prandial blood glucose and insulin; blood lipids such as triglycerides, high density lipoprotein 

(HDL) cholesterol, low density lipoprotein (LDL) cholesterol, and total cholesterol; blood 

pressure; and body composition such as body mass index, waist circumference, and percent 

body fat. Blood lipids and high blood pressure are associated with the build-up of plaque in 

the arteries which can lead to cardiovascular events (Golden et al., 2002). Consistently 

elevated blood glucose levels increase a person’s risk of developing type 2 diabetes (WHO, 

2018a). Elevated postprandial blood glucose and lipid levels are risk factors for 

cardiovascular events (O’Keefe & Bell, 2007). Overweight and obesity (assessed as body 

composition, overweight, or waist circumference) are associated other chronic diseases such 

as cardiovascular disease, type 2 diabetes, and cancer (Cameron et al., 2003; NIH National 

Cancer Institute, 2015). The exact way(s) in which sedentary behaviour affects 

cardiometabolic health is not fully understood but is considered in the next section. 

 

1.2.2 Sedentary behaviour physiology 

It is hypothesised that increased muscle activation leads to improved cell permeability for 

glucose absorption and insulin regulation (Hamilton et al., 2004, 2007). Furthermore, this 

may affect lipid metabolism by improving the cellular uptake of lipoprotein lipase, an 

enzyme that binds to and hydrolyses triglycerides in the blood (Hamilton et al., 2004, 2007). 

Sitting for prolonged periods of time results in loss of muscle activation which can lead to a 

change in glucose and lipid metabolism (Hamilton et al., 2004). Animal experimental studies 

have demonstrated the effects of chronic sedentary behaviour on cardiometabolic risk 

markers. Bey and Hamilton (2003) performed an experiment in which rats’ legs were 

suspended for a prolonged duration (12-240 hours) which resulted in a large (90%) reduction 
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in lipoprotein lipase activity as well as reduced triglyceride uptake. The decrease in 

lipoprotein lipase activity was reversed when the rats were again able to move their legs. It 

would appear that contractions of skeletal muscle are important for effective utilisation of 

blood plasma triglycerides. Because these were animal studies, however, the application to 

human skeletal muscle may not be appropriate (Stamatakis et al., 2019).  

 

To better approximate what happens in people, bedrest studies have been used to study what 

happens when humans are prevented from their usual level of activity. One systematic review 

of bedrest studies found that such immobilisation led to ‘metabolic inflexibility’ stemming 

from a combination of insulin resistance, hyperlipidaemia, a metabolic shift towards glucose 

uptake, and changes in muscle fibre type along with increased fat storage (Bergouignan et al., 

2011). Bedrest studies, however, are extreme and may not realistically reflect the changes 

that occur when healthy individuals take up a sedentary lifestyle (Thyfault & Krogh-Madsen, 

2011). One review of the literature found that when individuals went from an active lifestyle 

(defined as approximately 10,000 steps per day) to a sedentary lifestyle (about 1,500 steps 

per day) over a two week period, they experienced centrally-located fat mass gain and a 

diminished sensitivity to insulin (Thyfault & Krogh-Madsen, 2011). However, a limitation is 

that sedentary time was not measured in that review.  The link between sedentary behaviour 

and hyperglycaemia and hyperlipidaemia (both known to cause chronic cellular inflammation 

and oxidative stress), may be responsible for cardiovascular disease and type 2 diabetes 

increased risk (O’Keefe & Bell, 2007). In summary, sedentary behaviour has been shown to 

be associated with poor insulin response, a dysregulation of lipoprotein lipase, and the 

reduced uptake of plasma glucose (Peddie et al., 2013). The result of prolonged sedentary 

behaviour is poor cardiometabolic risk markers.  
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1.2.3 Device-measured sedentary time and cardiometabolic risk markers 

Prolonged sitting is associated not only with global measures of health (e.g., type 2 diabetes 

and cardiovascular disease prevalence), but with specific markers of cardiometabolic risk like 

insulin sensitivity, fasting glucose tolerance, triglycerides and weight (Brocklebank et al., 

2015). In a systematic review of accelerometer-measured sedentary time and cardiometabolic 

risk markers, there was a negative association found between total sedentary time and insulin 

sensitivity (Brocklebank et al., 2015). Brocklebank et al. (2015) also concluded there was a 

modest negative relationship with fasting insulin, homeostasis model assessment of insulin 

resistance (HOMA-IR), and triglycerides, confirming prior evidence of the link between self-

reported sitting and type 2 diabetes (Wilmot et al., 2012). 

 

Detrimental associations of prolonged, uninterrupted, device-measured sedentary time has 

been found with blood pressure, triglycerides, LDL cholesterol, glucose and insulin levels in 

free-living adults from a large Australian Diabetes, Obesity and Lifestyle cross-sectional 

study (AusDiab; Healy, Wijndaele, et al., 2008) and the U.S. National Health and Nutrition 

Examination Survey (NHANES; Healy et al., 2011). In terms of sedentary bouts, 2-hour 

plasma glucose was significantly higher in AusDiab participants with fewer breaks in 

sedentary time (Healy, Wijndaele, et al., 2008). Conversely, the NHANES and AusDiab 

studies found that body mass index, waist circumference, triglycerides and postprandial 

glucose levels were favourably associated with an increased number of breaks in sedentary 

time (Healy, Dunstan, et al., 2008; Healy, Matthews, et al., 2011). These breaks were 

changes from sedentary to light intensity activity (≤ 500 accelerometer counts per minute) 

lasting longer than one minute and averaging about four minutes each. Healthier 

cardiometabolic risk profiles were found to correlate with more frequent breaks of light 

activity interspersed throughout the day when sedentary time and moderate-to-vigorous 
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physical activity were held constant (Healy, Dunstan, et al., 2008; Healy, Matthews, et al., 

2011).  

 

Detrimental associations of prolonged, uninterrupted, device-measured sedentary time have 

been found with blood lipids. Saunders et al. (2012) found a moderate-to-large increase in 

circulating triglyceride levels in moderate quality studies of acute bouts (≤ 7 days) of 

uninterrupted sedentary behaviour. However, these were inconsistent and varied effect sizes 

for HDL cholesterol and possibly a moderate increase in LDL cholesterol (though not 

significant) in very low-quality studies. At the time, their search found many trials evaluating 

at the relationship of sedentary behaviour with glucose and insulin, but few trials investigated 

the relationship with lipids. It must be noted also, that a large proportion of reviewed articles 

(20 out of 25) were bedrest studies, thereby limiting the application to sedentary behaviour 

effects from usually habitual sedentary time (Saunders et al., 2012).  

 

Not only is lipid metabolism affected by prolonged sedentary behaviour, but so is the body’s 

ability to regulate glucose. Saunders et al. (2012) found a moderate-to-large decrease in oral 

glucose tolerance in moderate quality studies and small-to-moderate increase in fasting 

glucose levels in acute studies with very low quality evidence. Duvivier et al. (2013) found 

that when energy expenditure was held constant, an hour of exercise was not enough to 

mitigate the negative effects on insulin, glucose, and lipid levels when performing sedentary 

behaviour for 14 hours/day over 4 days. The acute onset (two weeks or less) of increased 

sedentary time has been found to act very quickly to negatively disrupt normal 

cardiometabolic risk marker levels (Thyfault & Krogh-Madsen, 2011). The long term health 

risks that poor cardiometabolic risk markers carry, such as the risk of developing 

cardiovascular disease or type 2 diabetes, are profound and a cause for concern (Thyfault & 
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Krogh-Madsen, 2011). Experimental evidence for reducing prolonged sitting has shown that 

is possible to reduce the harmful cardiometabolic effects, at least in the very short term (< 

four days), with a view that if adopted long term, could result in health improvements.  

 

1.2.4 Experimental evidence for breaking up and reducing sitting time 

Experimental laboratory-based studies where sedentary time is interrupted with two minutes 

of light intensity walking every 20 minutes have shown beneficial cardiometabolic risk 

marker changes over a single day (Bailey & Locke, 2015; Dunstan et al., 2012). Similarly, 

walking breaks every 30 minutes at 60% maximal aerobic capacity lasting one minute 40 

seconds also positively influenced post-prandial glucose and insulin levels compared to a 

nine-hour sitting condition (Peddie et al., 2013). In a longer trial over four days, Duvivier et 

al. (2013) found that 6 hours of minimal intensity activity replacement (two hours standing 

plus four hours walking) resulted in significantly better oral glucose tolerance, as well as 

improved triglyceride and non-HDL cholesterol levels compared to sitting for 14 hours a day 

over 4 days. One meta-analysis found that compared to a day spent seated (6-7.5 hours), brief 

interruptions to sitting with light-intensity activity (2-5 minutes every 20-30 minutes) led to a 

17.5% decrease in postprandial glucose (95% confidence interval [CI]: −26.2 to −8.7) and a 

25.1% decrease in insulin levels (95% CI −31.8 to –18.3), though limited evidence was 

available from prospective and observational studies to substantially corroborate these 

experimental findings (Chastin et al., 2018). Interventions that promote breaking up 

prolonged sedentary time through standing, light intensity physical activity, or a combination 

appear to be effective at reducing cardiometabolic risk markers, at least in the short term. 

Applying such strategies to the workplace may likewise result in improved cardiometabolic 

risk markers. 
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Overall, there are a range of detrimental impacts of sedentary behaviour on cardiometabolic 

risk markers. The physiological mechanisms for how sedentary behaviour may adversely 

impact these risk markers are not fully understood at present, but theories suggest 

associations with the dysregulation of glucose and lipid metabolism. Poor cardiometabolic 

risk marker outcomes demonstrate the presence or risk of developing the chronic diseases. 

Experimental studies have demonstrated some success in improving some cardiometabolic 

risk marker responses in the very short term (< four days). Longer interventions in workplace 

settings where prolonged sedentary behaviour occurs are required to assess the efficacy of 

such strategies in the real-world. As will be discussed in the following chapter (Chapter 2), 

seated office work contributes a significant proportion to office workers’ total daily sitting 

time (Ryan et al., 2011; Thorp et al., 2011). The workplace, therefore, represents a pragmatic 

environment in which to evaluate the effects of breaking up prolonged sitting. 

 

1.2.5 Gap in knowledge 

As described above, there is substantial cross-sectional evidence on the associations between 

sedentary behaviour and cardiometabolic risk markers. In addition, there is a sound collection 

of acute study evidence showing that breaking up and reducing sedentary time can elicit 

improvements in cardiometabolic risk markers. What is lacking at present is long term 

evidence that reducing sedentary behaviour and altering patterns of accumulation in the 

workplace are effective for employee health. Very few workplace interventions to date have 

offered timeframes longer than 3 months to address this gap in knowledge. Stand Up 

Victoria!, a 12-month Australian workplace intervention (an RCT), reduced both total 

workplace sitting time (by ~99 minutes/8-hour workday) and prolonged sitting time (by ~72 

minutes/8-hour workday) using a multi-component sit-stand desk intervention with the 

message: ‘stand up, sit less, move more.’  Significant differences were found in a clustered 
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cardiometabolic risk marker score, insulin sensitivity and plasma glucose compared to 

control (Healy et al., 2017). Interestingly, these differences were due to control group 

worsening over time. In contrast, Koepp et al.’s (2013) 12-month treadmill desk study 

reduced sedentary time by only ~43minutes per day, but the cardiometabolic and 

anthropometric benefits included improved HDL cholesterol, smaller waist circumference, 

lower systolic blood pressure, and reduced body weight. Thus, at present, the dose-response 

relationship between sedentary behaviour (what is reduced and by how much? And what 

sedentary time is replaced with?) and cardiometabolic benefits is not clear (Manini et al., 

2015). More research is needed in this area to determine the amount of total sitting reduction 

required and/or the number, duration and intensity of breaks needed over the course of a 

working day to improve cardiometabolic risk markers. Furthermore, research is needed to 

understand how to best implement sedentary behaviour change in the workplace.  

 

1.3 Aims and objectives 

The overarching aim of this thesis was to identify the most pragmatic way to reduce 

sedentary behaviour to improve population cardiometabolic health. More specifically, the 

purpose of this thesis was to develop and assess the feasibility of delivering a tailored 

intervention to reduce prolonged sitting in police staff. To fully address this, four studies 

were conducted to: 1.) review the effectiveness of past intervention studies on 

cardiometabolic risk markers; 2.) evaluate the acceptability and practicability of a theory-

based intervention; 3.) assess the capability, opportunity, and motivation of the target 

population; and 4.) evaluate the feasibility of implementing a theory-based sedentary 

workplace intervention.  
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First, it was imperative to review how effective past intervention studies have been at 

improving cardiometabolic risk markers. At the same time, it was relevant to understand 

what the behavioural ‘active ingredients’ for efficacy were. Study 1 (Chapter 4) aimed to 

identify workplace intervention studies that reported on specific cardiometabolic risk markers 

in order to evaluate them on the basis of methodological quality, risk of bias, cardiometabolic 

risk marker outcomes, and behaviour change techniques. The objectives for Study 1 were: 

• To evaluate the effectiveness of workplace sedentary behaviour reduction 

interventions on cardiometabolic risk markers in adult employees; 

• To determine how frequently Behaviour Change Techniques (BCTs) appear in 

sedentary behaviour reduction workplace interventions with respect to 

cardiometabolic risk marker change. 

 

Next, it was important to understand the acceptability and practicability of implementing a 

sedentary workplace intervention. Study 2 (Chapter 5) aimed to qualitatively investigate the 

perceived affordability, practicability, effectiveness/cost-effectiveness, acceptability, 

safety/side effects, and equity of a theory-derived, multi-component intervention. The 

objectives for Study 2 were: 

• To determine the affordability, practicability, effectiveness/cost-effectiveness, 

acceptability, safety, and equity of a theory-derived, multi-component intervention; 

• To understand how participants perceived and engaged with intervention resources;  

• To understand the perceived physical, social and psychological impacts of the 

intervention on participants. 
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Next, it was imperative to understand the specific needs of police staff. The aim of Study 3 

(Chapter 6) was to assess the perceived barriers and facilitators of reducing prolonged sitting 

at work in police staff. The objective for Study 3 was: 

• To determine the perceived barriers and facilitators of reducing sitting in police staff 

using the Capability, Opportunity, Motivation, Behaviour (COM-B; Michie et al., 

2011, 2014) model and Theoretical Domains Framework (TDF; Francis et al., 2012; 

Michie et al., 2005). 

 

The aim of Study 4 (Chapter 8) was to develop, deliver and assess the feasibility of 

delivering a theory-based sedentary workplace intervention in police staff. A secondary aim 

was to investigate preliminary effects on sedentary behaviour, cardiometabolic risk markers, 

psychological and physical health; as well as job satisfaction and performance. The 

objectives for Study 4 were: 

• To evaluate the feasibility of conducting a sedentary workplace intervention in police 

staff;  

• To assess the effectiveness of a theory-driven, multi-component sedentary workplace 

intervention on preliminary outcomes in full-time working adults. 

 

1.4 Thesis overview 

This presents a guide to the chapters that follow. To begin with, Chapter 2 is a general 

literature review of sedentary workplace behaviour patterns and determinants of behaviour. 

Mechanisms by which interventions work is discussed along with past and current design 

theory. Workplace interventions to reduce prolonged sitting are briefly examined for 

evidence as to effectiveness and content, but a more in-depth examination of the literature is 

provided in Chapter 4 (see below).   
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In Chapter 3, a roadmap for sedentary workplace intervention development is presented and 

linked to the Medical Research Council’s (MRC) iterative model for developing complex 

interventions (Campbell et al., 2007a; Craig et al., 2019; Medical Research Council, 2000). 

This provides the basis for the decision to conduct a pragmatic feasibility trial following a 

mixed methods approach to intervention development. In targeting prolonged sitting at work, 

current advances in behaviour change theory are reviewed. The Behaviour Change Wheel 

(Michie et al., 2011, 2014) is described and selected for its targeted approach to changing 

health behaviours, not to mention its growing success in field trials. To fully understand the 

effectiveness of sedentary workplace interventions, first, a systematic review is posed, 

followed by interviews with former intervention participants, interviews with stakeholders, 

and finally, formal intervention development and a feasibility trial. 

 

Chapter 4 (Study 1) aims to identify the BCTs associated with improved health outcomes via 

a systematic review. Having done this, it provides a promising range of options to choose 

from for a sedentary workplace intervention. For an intervention to have the best chance of 

success, the technique(s) selected for an intervention must be a suitable match for the social, 

organisational and physical demands of the particular workplace (Owen et al., 2014) and a 

match for the individual participants (Mackenzie et al., 2015). 

 

In Chapter 5 (Study 2) qualitative information regarding the acceptability and practicability 

of a former multi-component sedentary workplace intervention is ultimately used to help 

inform decisions about potential BCTs and modes of delivery in order to avoid unforeseen 

barriers to implementation (Campbell et al., 2007; Craig et al., 2019). Interviews with office 

workers who have recently undergone an intervention will provide rich detail necessary for 
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understanding how and why certain aspects of the intervention are feasible in the workplace 

and others are not.  

 

Chapter 6 (Study 3), details an interview study with stakeholders at Bedfordshire Police 

Force to understand police staff’s capability, opportunity and motivation for sedentary 

behaviour change (Michie et al., 2008, 2013). Insights into specific workplace barriers and 

enablers in this unique setting allow for further intervention refinement as well as provide 

useful information for sedentary workplace intervention development in similar office 

settings. 

 

Chapter 7 details the Behaviour Change Wheel’s eight step process for intervention 

development. Decisions regarding intervention function, policy category, BCT, and mode of 

delivery selection are clearly delineated. Justification is provided using the BCW framework 

using the data obtained in Studies 1, 2 and 3. The result is the production of a theory-driven, 

multi-component, sedentary workplace intervention to improve cardiometabolic risk markers 

in police staff. 

 

Chapter 8 (Study 4) describes and evaluates the feasibility of conducting the developed 

intervention at Bedfordshire Police headquarters among office staff. Two frameworks are 

used to 1.) assess the pragmatic nature of the trial (PRECIS-2; Loudon et al., 2015; Thorpe et 

al., 2009) and 2.) assess key indicators of successful implementation (RE-AIM; Gaglio et al., 

2013; Glasgow et al., 1999). The preliminary effects of the intervention on sedentary 

behaviour, as well as health and wellbeing outcomes, is also reported and discussed.  
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Finally, Chapter 9 provides an overall discussion of the evaluation of the feasibility trial, the 

development process from start to finish, and future work that is needed for advancing the 

science behind sedentary workplace interventions. The discussion proposes the potential 

mechanisms at work in a trial of this nature, constructively critiques the use of the BCW in 

the intervention development process and suggests ways in which future intervention design 

might be enhanced for sedentary behaviour change. The wider implications for 

cardiometabolic risk marker effects from sedentary workplace interventions are also 

discussed. 
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Chapter 2: Literature review 

 

2.1 Introduction 

Chapter 2 provides a general literature review of sedentary workplace behaviour patterns and 

determinants of behaviour. There are several mechanisms by which interventions might work 

to improve cardiometabolic risk markers including reduced total sitting time as well as how 

sitting time is accumulated. Past intervention design, based on both implicit and explicit 

psychological theory, has laid the foundation for current research into effective behaviour 

change design. More recently, the Behaviour Change Wheel (BCW; Michie et al., 2011, 

2014) has been applied in health behaviour settings, and it is subsequently examined here for 

its systematic approach to intervention development and suitability for workplace sedentary 

behaviour change. The use of a similar methodological strategy by others is compared and 

contrasted (Gardner et al., 2017; Munir et al., 2018; Ojo, Bailey, Brierley, et al., 2019). A 

strength of using the BCW design framework in this novel population (police staff) is the 

ability to behaviourally diagnose and subsequently map behaviour change techniques using a 

common language framework (Chapter 7). The traceability of decision-making in this thesis 

provides a roadmap for other sedentary workplace interventions to follow in future. 

 

2.2 Workplaces 

2.2.1 Workplace sedentary behaviour patterns 

Developed nations exhibit similar quantities of time spent sedentary during the workday. 

Two-thirds of U.S. and Australian adults are in work, and 83% of these workers work 35+ 

hours per week at jobs sitting down (van Uffelen et al., 2010). In the UK, workers spend 66-

70% of their workday performing sedentary tasks (Kazi et al., 2014). Thorp et al. (2012) 
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found that Australian workers spent 77% (95% CI: 76.3 to 77.6) of their employed hours 

sedentary, with almost half of this time accrued in prolonged bouts of sitting i.e. 20 minutes 

or more at a time. Ryan et al. (2011) reported that among office-based university staff and 

postgraduate students, a quarter of total sitting time was accumulated in bouts lasting longer 

than 55 minutes. If a prolonged bout was defined as greater than 20 minutes then the amount 

of sedentary time accumulated in prolonged bouts increased to 67% (Ryan et al., 2011). 

Researchers have been trying to exploit large sources of daily sedentary behaviour such as 

the workplace, in an effort to combat negative health consequences (Kazi et al., 2014; Ryan 

et al., 2011; Thorp et al., 2012). In this pursuit, reliable and valid data is necessary for 

establishing important dose-response relationships to determine how best to improve health 

(Parry & Straker, 2013). 

 

2.2.2 Potential mechanisms of intervention 

The main mechanisms by which sedentary workplace interventions may affect 

cardiometabolic risk markers are through replacing or breaking up sedentary time with 

standing or light physical activity (e.g., light walking, wandering around the office) (Dunstan 

et al., 2010). Sedentary workplace interventions have the potential to affect changes in total 

sedentary time or number of prolonged sitting bouts. The dose-response relationship is not 

well understood between the amount of total sitting reduction required or the number, 

duration and intensity of breaks throughout the working day needed to improve 

cardiometabolic risk markers. Several countries have now included sedentary behaviour 

guidelines alongside those for increasing physical activity. In 2019 the UK Chief Medical 

Officers updated their Physical Activity Guidelines to include advice to limit sedentary time 

in all age groups, but no quantitative guidelines were given (Davies et al., 2019). Canada has 

produced 24-hour movement guidelines for children (under 17 years) which involve age-
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based recommendations for screen time and general advice to limit sitting, but currently no 

recommendations exist for adults or older adults (Canadian Society for Exercise Physiology, 

2012). None of the aforementioned guidelines include workplace-specific recommendations 

for health, generally because there is not enough evidence yet of sufficient quality, to do so. 

Australia recommends that workers avoid spending more than seven hours sedentary per day, 

although it is not clear if this is workplace-only or across the whole day (Safe Work 

Australia, 2020). They do, however, provide a visual comparison of several acceptable 

strategies for what breaking up and reducing workplace sedentary time could look like (see 

Figure 2.1). 

 

 

 

Figure 2.1. Example strategies for breaking up prolonged sitting at work 

(Image reproduced under Creative Commons Attribution 4.0 International License, 

©Commonwealth of Australia 2020) (Safe Work Australia, 2020) 
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The most specific recommendations come from a UK expert consensus group (Buckley et al., 

2015) which recommended that full-time employees: 1.) gradually work up to replacing half 

(four hours) of their eight-hour seated work day with standing or light intensity movement, 

2.) break up their sitting time throughout the day at regular intervals, and 3.) avoid any 

prolonged static postures whether sitting or standing. The recommendations are based on 

limited epidemiological evidence and controlled laboratory trials, and lack longer term, 

workplace-based efficacy trials (Buckley et al., 2015). Concerns, however, have been raised 

over a co-author’s undeclared links to the sit-stand desk industry (Chau et al., 2018). Still, the 

office workplace-specific recommendations that presently exist serve as a useful starting 

point in intervention design. There still remain questions as to how best to implement 

recommended sedentary behaviour changes in the workplace. 

 

2.2.3 Police and sedentary work 

At the present time, sedentary workplace intervention studies in the police are limited to a set 

of related trials in Police and Emergency Management Services in Australia (Cooley & 

Pedersen, 2013; Mainsbridge et al., 2014, 2018; Pedersen et al., 2014), despite the fact that a 

large proportion of police employees hold traditionally sedentary work roles (i.e., desk-based 

office work) (Gibson et al., 2017). A recent cross-sectional investigation into the 

occupational characteristics of British police force employees (n = 5,527) reported at least 

30% of participants (n = 1,658) as having office-based duties, with 36% (n = 1,990) having 

mobile roles, and a further 34% of respondents (n = 1,879) having unclassified or missing 

occupational data (Gibson et al., 2017). Official figures from Bedfordshire Police Force show 

56% of all roles were classified as desk-based (as opposed to mobile) (Bedfordshire Police, 

2018). As office-based workers experience the highest proportion of daily and workplace 

sitting time, and the lowest proportion of daily and workplace light physical activity 
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compared with all other occupational groups (Prince et al., 2019), police office staff would be 

similarly at risk of poor cardiometabolic health. Indeed, Elliot et al. (2014) reported that 

police staff and those ranked constable/sergeant or lower were more likely to have poorer 

cardiometabolic risk profiles than those of higher rank. Going forward, the thesis will focus 

on police staff, those who have office-based roles, rather than police officers, those with 

mobile, emergency response roles.  

 

A systematic review of twenty-one health promotion studies in the police (physical activity, 

diet, lifestyle, sedentary behaviour or a combination) found that multi-component 

programmes that included education and behaviour change components, and interventions 

that involved peer support had the most impact on health outcomes (Macmillan et al., 2017). 

Two Australian studies in that review (Mainsbridge et al., 2014; Pedersen et al., 2014) 

targeted sedentary behaviour with a single-component computer prompt intervention in 

separate sample groups of office-based emergency management employees. One study 

improved mean arterial pressure with the intervention group significantly decreasing their 

mean arterial pressure from pre-test (M=100.85, Standard deviation [SD]=11.94) to post-test 

(M=90.55, SD=11.46; effect size [η2p] = 0.67), and compared to control (p < 0.05) 

(Mainsbridge et al., 2014). The other increased energy expenditure from pre-test (M=866.29, 

SD=151.40) to post-test (M=1054.10, SD=393.24, effect size [d] = 0.63), and compared to 

control (p < 0.05) (Pedersen et al., 2014). One UK study called the PAW-force (Physical 

Activity Wearables) trial reported in a conference proceeding that a 12-week intervention 

using wrist-worn activity monitors and a smartphone application to promote physical activity 

and reduce sedentary behaviour found no significant changes in self-reported sedentary 

behaviour or physical health quality of life in police staff and officers combined 

(Buckingham et al., 2019). Further investigation into the efficacy of sedentary workplace 
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interventions in a police staff setting are warranted, with particular attention to multi-

component interventions, which, to the best of the thesis author’s knowledge, none have been 

published on.  

 

2.2.4 How interventions change behaviour 

In order to improve health outcomes, interventions need to enable participants to change their 

behaviour. Use of theory in sedentary workplace interventions has often been implicit in the 

design rather than explicitly stated (Hadgraft, Dunstan, et al., 2018). There is some 

disagreement over whether theory-based interventions are more effective than non-theory-

based ones in health behaviour change (Prestwich et al., 2014). While physical activity 

interventions appear to benefit from theory use (Gourlan et al., 2016), it is less clear how it 

affects sedentary behaviour interventions (Gardner et al., 2016). The problem arises from the 

observation that although studies in the past may have cited theory use, the precise link to 

content and delivery method is not always clear (Rothman, 2004). In order to have 

transparent decision-making, there needs to be an explicit link between the barriers to 

behaviour change and theory-based solutions. That said, sedentary workplace interventions 

have had success in changing sitting behaviour at work which is crucial if health effects are 

to be realised (Chau et al., 2010; Shrestha et al., 2016). 

 

2.3 Past approaches for intervention development 

Sedentary workplace intervention research is a rapidly evolving field. Researchers have 

applied varying strategies in the past that include focusing on an individual’s psychology, to 

environmental solutions, to focusing on multiple levels of influence and the move towards a 

whole systems approach. Individual-focused solutions (individual-level models) seek to 

influence personal attributes that affect behaviour, for example, self-efficacy or intentions 
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(Hadgraft, Dunstan, et al., 2018). Environmental strategies seek to change a person’s 

behaviour by altering environmental cues for the behaviour, often used in conjunction with 

counselling or education. The social ecological approach goes a step further and addresses 

multiple levels of influence (environmental, individual, social, and/or policy factors) 

(Hadgraft, Dunstan, et al., 2018). There is evidence to support that all of these approaches, 

each with their own strengths and weaknesses, can change sedentary behaviour at work.  

 

Modifications to the environment include swapping traditional seated desks for active 

workstations such as sit-stand desks, treadmill desks, standing only desks, adding portable 

pedal machines, or changing the entire built environment (such as when a whole office 

moves to a new purpose-built, activity-permissive building with standing work options and 

layouts that encourage stair use and general movement). Sitting at work has often been 

described as being performed out of habit (Gardner et al., 2019), and the strength of an 

environmental approach is that it may address these sitting habits via environmental cues. 

This approach is supported by the dual process theory of behaviour that states that behaviour 

is a product of the social and physical environment (Conroy et al., 2013; Owen et al., 2011). 

Moreover, altering the physical setting allows the user to continue working while replacing 

sitting with a different behaviour (standing, walking, or cycling). A criticism of this approach 

is that it only addresses an obvious, visible influence on behaviour, when there may be less 

conspicuous, but equally influential determinants, such as perceived social norms or 

productivity concerns (Hadgraft, Dunstan, et al., 2018). Though research would suggest that 

active workstations do not detrimentally affect productivity (Ojo et al., 2018), office workers 

still report that concerns of this nature are a barrier to reducing sitting at work (Grunseit et 

al., 2013). The worry, therefore, is that by only addressing the environment, sedentary 
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behaviour change is not fully maximised, and the physical environment alone may not sustain 

behaviour change over the long term. 

 

In addressing individual behavioural determinants of workplace sitting, researchers have used 

psychological strategies such as education, awareness, cues and prompts, or motivation of the 

person performing the behaviour. One strength of this approach is that it allows for use of 

established psychological theory whereby models and frameworks have been developed to 

explain how certain variables might act or interact to affect behaviour change. Key theories 

that have been used including social cognitive theory (Bandura, 1989, 2004), the theory of 

planned behaviour (Ajzen, 1985, 1991), transtheoretical or stages of change model 

(Prochaska & Di Clemente, 1982; Prochaska & DiClemente, 1983), self-efficacy theory 

(Bandura, 1977), and the health action process approach (Schwarzer, 2008). These have often 

been employed because of their efficacy in physical activity interventions (Taylor et al., 

2012). There is a lack of information as to how sedentary behaviour change interventions can 

be designed using these separate, but sometimes intersecting, theories. A key criticism of an 

individual psychological approach is that it still does not allow researchers to systematically 

select which is the best theory to change sedentary behaviour within the target context. 

Rather, a theory is chosen because the researcher may specialise in it or because it has 

worked in the past (Hadgraft, Dunstan, et al., 2018). However, what works in one setting and 

population may not work (as well) in another, thus an individual psychological approach 

lacks adaptability. 

 

There is a benefit to manipulating only one level of influence at a time, in that it allows for 

easier evaluations of efficacy. Unquestionably, addressing one level of influence offers a 

simplicity to workplaces and employers who may be wary of implementing a variety of 
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changes all at once, especially if those changes are perceived as potentially disruptive. 

However, the ubiquitous nature of sitting points to the fact that it most likely is affected by 

many levels of influence including social norms, work policies, the environment, and even 

the way individuals think (or do not think) about sitting (Gardner et al., 2019; Owen et al., 

2011). Furthermore, individual-focused psychological approaches alone or in combination 

with environmental changes suffer from two criticisms, namely, they do not address the 

potential for multiple levels of influence on behaviour change, and they may be difficult to 

scale up (Hadgraft, Dunstan, et al., 2018). One thing that complex interventions suffer from 

is a difficulty in teasing out what worked and why (Hadgraft, Dunstan, et al., 2018). Should 

these limitations go ignored, then effectiveness and replicability may be limited. Wider 

systemic change across multiple levels of influence is what is needed to maximally reduce 

sedentary behaviour in a sustainable manner (Owen et al., 2011).  

 

Psychological and environmental interventions that are shown to work in smaller trials, may 

be difficult to scale up. Despite their simplistic nature, both environmental and psychological 

interventions have specific drawbacks limiting their usefulness for larger public health 

initiatives. For environmental approaches, a prominent drawback is cost. For example, it may 

not be financially feasible for all office workplaces to switch to active workstations. 

Perceived cost-effectiveness is also a barrier. Stand More (SMArT) at Work, a recent multi-

component intervention incorporating sit-stand desks, a chair cushion prompt, and behaviour 

change support, found improvements in self-reported measures of sickness presenteeism and 

quality of life, but no change in objective sickness absenteeism over twelve months 

(Edwardson, Yates, et al., 2018). When total intervention costs of SMArT Work were 

evaluated against net productivity gains over twelve months, the return on investment per 

employee (over twelve months) was GBP £256, meaning a £2.56 return for every £1 spent 



 36 

(Munir et al., 2020). The incremental cost-efficacy ratio (ICER), the difference in costs per 

group divided by the difference in their effect (costs per minute reduction in work sitting 

time), of sit-stand desk interventions is currently available from only a handful of studies and 

ranges from ~£5.49 to £8.31 (Gao et al., 2018; Munir et al., 2020). In terms of other benefits 

such as cost versus quality-adjusted life years, one review concluded that sit-stand desks 

(with or without counselling) had an 85.2% probability of being cost-effective in the primary 

prevention of cardiovascular disease (Gao et al., 2019). Comparison of quality-adjusted life 

years in the SMArT Work trial was not possible as it only focused on employer costs (Munir 

et al., 2020). Given the paucity of data on cost-effectiveness, it may be that the upfront 

financial practicalities prevent environmental additions like sit-stand desks from being 

adopted into wider practice.  

 

Psychological approaches to changing sitting behaviour require personalised methods that 

may not be feasible on a large scale. Public health initiatives work to improve population 

health by encouraging behaviour change across a large proportion of the populace. 

Individual-focused approaches are not well suited to this task as they often involve high 

levels of educational content provided at workshops or via counselling (e.g., Verweij et al., 

2012). Provision and/or distribution of resources can also be a challenge for larger scale trials 

targeting individuals, although this is becoming more practical with advances in mobile 

health (mHealth) (Bond et al., 2014). One such example is awareness-raising via reminders 

and/or prompts to break up sitting (sometimes referred to as point-of-choice prompting), 

provided by phone or computer applications (apps) (Dunn et al., 2018). It is only recently that 

this has become a viable option due to the prevalence of smartphones, computers, and 

increased access to the internet (Webb et al., 2010). Though cost-effective and potentially 

scalable, a drawback is that this type of individual approach may not reduce total sitting time 



 37 

to the same extent as environmental and multi-level approaches (Shrestha et al., 2016). 

Evidence points to the suggestion that workplace sitting time is affected via multiple levels of 

influence (e.g., individual, social/organisational, and environmental) (Owen et al., 2011). To 

help workers achieve behavioural sitting targets in line with health advice, it is imperative 

that interventions address the multiple determinants of sedentary behaviour simultaneously 

and effectively. 

 

2.3.1 Determinants of sedentary behaviour 

Determinants of sedentary behaviour can range from the personal (e.g., age, health status) to 

the environmental (e.g., type of work, cultural opportunities and neighbourhood safety), with 

a myriad of mediating factors at play (e.g., socio-economic status) (Chastin, Buck, et al., 

2015). Understanding the reasons and conditions that lead to frequent and extended periods 

of sedentary behaviour is critical if interventions are to be effective (Brug & Chinapaw, 

2015). Personal factors such as age and weight status have been shown to be important 

determinants of youth sedentary behaviour (Stierlin et al., 2015), while age and retirement 

status are determinants among older adults (Chastin, Buck, et al., 2015). In adults 18-65, 

sedentary time correlates with personal characteristics such as age, body mass index, and 

level of physical activity, as well as additional factors like socio-economic status and mood 

(Owen et al., 2011)(O’Donoghue et al., 2016). One of the challenges in identifying 

determinants is the method by which sedentary behaviour data is gathered, starting with how 

it is defined (Brug & Chinapaw, 2015). One limitation in the research is that TV viewing 

and/or screen time is often used as a proxy indicator of sedentary behaviour (Brug & 

Chinapaw, 2015). Furthermore, the lack of motivational and contextual factors identified may 

be due to a lack of qualitative studies that would more readily capture this kind of 

information (Brug & Chinapaw, 2015). For results based largely on cross-sectional studies, 
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such as in the review by O’Donoghue et al. (O’Donoghue et al., 2016), cause and effect 

cannot be definitively determined. Overall, though there is good evidence on socio-

demographic factors (who is sedentary), there is not enough evidence about more remote 

determinants such as the built environment, the social context and economic influences (De 

Craemer et al., 2018). This information has not been routinely collected and therefore 

building a consensus from the literature is challenging (Chastin et al., 2013). For example, it 

has been proposed that future research into sedentary behaviour determinants include 

contextual information relating to purpose (e.g., work versus leisure), whether it is screen-

based, the social and physical environment (e.g., the physical site, the culture), and finally, 

temporal patterns (e.g., when does it occur?) (Chastin et al., 2013). The more the context 

supporting or hindering the behaviour is understood, the better tailored the intervention, and 

the more effective it can be (Michie et al., 2011, 2014).  

 

The three key domains in which sedentary behaviour occurs in the 21st century are in 

transportation, occupation, and recreation (O’Donoghue et al., 2016). The focus of this thesis 

is the sedentary office. In this occupational domain, multiple levels of influence act to 

encourage (or discourage) sedentary behaviour among office workers including individual 

characteristics (e.g., knowledge and skills), social and environmental factors (e.g., seated 

desks), and organisational factors (including work policies). Theoretically-derived 

behavioural diagnoses are now possible alongside evolving behaviour change taxonomies 

(Kok et al., 2016; Michie et al., 2013). It is this interface of sedentary behaviour determinants 

and behaviour change theory that is crucial to designing effective interventions (Chastin et 

al., 2013). 
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2.3.2 How sedentary behaviour determinants interface with behaviour 

change theory 

Recently, a ‘whole systems’ approach has emerged to tackle multiple levels of influence on 

sedentary behaviour across the lifespan, including in institutional/workplace settings (Chastin 

et al., 2016). This approach, known as the Systems of Sedentary behaviours (SOS) 

framework, is based on earlier work around the social ecological model (Sallis et al., 2006, 

2015). The social ecological model takes into account the social, physical, individual and 

policy aspects that act, or interact, to influence behaviour (see Figure 2.2). A strength of a 

systems-based approach is that it places an emphasis on the behaviour setting or context in 

which the behaviour occurs and the interplay of the social, physical, and political 

environment with individual behaviour (Owen et al., 2011). A downfall of this approach is 

that it does not specify how these variables may interact to impact on behaviour (Chastin et 

al., 2016). It works mainly as an umbrella framework under which more specific theory can 

be applied, which can be seen as a strength or a criticism. The strength being that it allows for 

the application of more rigorous psychological theory (Hadgraft, Dunstan, et al., 2018). 

However, the criticism being that there is no systematic guidance on how to select the best 

theory for the target behaviour (Hadgraft, Dunstan, et al., 2018). Both the lack of a 

methodical structure and absence of consistent behaviour change ontology mean that the 

social ecological model remains a deficient model for explaining how and why people 

behave as they do (Hadgraft, Dunstan, et al., 2018; King, 2015). Also, as a complex 

intervention approach, it suffers from difficulties in how to plan, measure and evaluate the 

trial (Hadgraft, Dunstan, et al., 2018). What is needed for effective interventions is a 

framework that recognises the multi-faceted nature of behaviour change, but one that 

provides systematic, theory-based guidance for how to change the target behaviour in its 

context. 
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Figure 2.2. Social ecological model of sedentary behaviour determinants across four 

domains: leisure time, transport, household, and occupation (reproduced from Owen et al., 

2011) 

Structural (whole) systems approaches, like the SOS-framework, seek to absorb the positive 

attributes of the social ecological model, such as its multi-level approach, and improve upon 

its shortcomings (Chastin et al., 2016; Cohen et al., 2000; Trochim et al., 2006). In the social 

ecological model, the rings of influence appear hierarchical and are often interpreted that way 

(see Figure 2.2) whereas a whole systems approach embodies a more dynamic understanding 

of the relationship among influences, advocating the use of qualitative research to uncover 

these dynamics (Chastin et al., 2016). As such, it aligns well with the Medical Research 

Council (MRC) guidance for complex interventions. Gaining a better understanding of the 



 42 

interplay between behavioural determinants is one of the core challenges for a whole systems 

approach.  

 

In addition, the social ecological model is predicated on one ontological perspective, making 

it cumbersome to translate across contexts (Chastin et al., 2016).  The SOS-framework sets 

out to construct a multi-disciplinary understanding of sedentary behaviour that can be better 

translated across contexts (Chastin et al., 2016). But while the SOS-framework is an 

improvement on intervention design approaches in the past, it still makes the assumption that 

humans think and act rationally despite evidence for the Intention-Behaviour gap, where 

individuals fail to act on good intentions (Sheeran, 2002). Thus, a key gap in the research is 

the need for an approach that 1.) provides a comprehensive behavioural diagnosis for the 

target behaviour in its context, 2.) links solutions to established psychological theory, and 3.) 

specifies a transparent development process that supports robust and replicable intervention 

design.  

 

In summary, sedentary workplace interventions have previously targeted the individual 

(Biddle, 2018; Evans et al., 2012; Kozey-Keadle et al., 2012), the environment (Dutta et al., 

2014; Gorman et al., 2013; Graves et al., 2015; John et al., 2011), or some combination of 

individual, environmental, and organisational support (Carr et al., 2013; Danquah et al., 2017; 

Healy et al., 2017; Healy et al., 2013). However, the lack of a common language to describe 

intervention content and delivery modes poses a challenge for replicability purposes (Michie 

et al., 2005, 2013). The Behaviour Change Wheel (BCW; Michie et al., 2011, 2014) was 

developed in response to this problem. It not only provides a framework for intervention 

mapping that links behavioural diagnosis to theory-based solutions, it also describes a common 

language taxonomy of behaviour change techniques (Michie et al., 2013). In brief, the BCW 
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incorporates 19 theories of behaviour change including Social cognitive theory (Bandura, 

1989, 2004), the Theory of Planned Behaviour (Ajzen, 1985, 1991), and the Health Belief 

Model (Rosenstock, 1966). Unlike singular psychological theories which aim to understand 

how people behave (Kok et al., 2004), the BCW goes one step further by understanding 

behaviour change. The BCW has been used successfully in a variety of health behaviour 

change settings including increasing physical activity (Howlett et al., 2017), hearing aid use 

(Barker et al., 2016) and nurse prescribing activity (Chater et al., 2019). However, its use in 

sedentary workplace interventions is limited to a few studies that have published on its various 

components (Dewitt et al., 2019; Edwardson, Biddle, et al., 2018; Edwardson, Yates, et al., 

2018; Gardner et al., 2017; MacDonald et al., 2018; Munir et al., 2018; Ojo, 2020; Ojo, Bailey, 

Brierley, et al., 2019; Ojo, Bailey, Hewson, et al., 2019). The BCW represents a holistic, 

theory-driven approach to intervention design, implementation and evaluation, but further 

trials are required to determine the feasibility of this approach for sedentary workplace 

interventions. The BCW has not been used previously for a sedentary behaviour intervention 

in police staff.  

 

2.4 Behaviour Change Wheel approach 

To go into detail, the Behaviour Change Wheel (BCW; Michie et al., 2011, 2014) is a theory-

based intervention design framework that provides this greater guidance for behaviour 

change. It allows one to first understand the target behaviour in context; second, identify 

intervention options given available resources (functions and policies); and third, identify 

content and modes of delivery. The BCW is visually represented with a circular hub and 

spoke diagram (see Figure 2.3). The inner rim shows the sources responsible for behaviour at 

the BCW’s core – the Capability, Opportunity, Motivation towards behaviour (COM-B) 

model. Depending on the context, the target behaviour can manifest in different ways 
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(Michie et al., 2011, 2014). Applied to the work context, COM-B can be used to understand 

one’s physical and psychological capability for reducing occupational sedentary behaviour, 

appreciating one’s social and physical opportunity for doing so, and acknowledging one’s 

reflective (conscious) and automatic (non-conscious) motivations for change. In Study 3 

(Chapter 6), police staff were interviewed to better understand the COM-B influences on 

their workplace sitting behaviour. 

 

 

Figure 2.3. The Behaviour Change Wheel showing COM-B sources of behaviour, related 

TDF domains  

(Note: the domain, ‘Cognitive and interpersonal skills’, is not part of the TDF), associated 

functions, and policy categories (reproduced from Michie et al., 2014) 
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In the wheel (see Figure 2.3), COM-B sources of behaviour are then linked to psychological 

theory represented by the Theoretical Domains Framework (TDF; Francis et al., 2012; 

Michie et al., 2005). The TDF is an amalgamation of 33 psychological theories of behaviour 

change and is useful in expounding the COM-B elements to gain a more detailed 

understanding of the barriers preventing, and facilitators assisting, someone from changing 

their behaviour (Michie et al., 2005). The TDF is made up of 14 domains linked to COM-B: 

‘Knowledge’, ‘Skills’, ‘Memory, Attention and Decision Processes’, and ‘Behavioural 

Regulation’ (COM-B element: Psychological Capability); ‘Skills’ (Physical Capability); 

‘Social Influences’ (Social Opportunity); ‘Environmental Context and Resources’ (Physical 

Opportunity); ‘Social/Professional Role and Identity’, ‘Beliefs about Capabilities’, 

‘Optimism’, ‘Beliefs about Consequences’, ‘Intentions’, ‘Goals’ (Reflective Motivation); and 

‘Social/Professional Role and Identity’, ‘Optimism’, ‘Reinforcement’, ‘Emotions’ 

(Automatic Motivation) (Cane et al., 2012). Identifying the COM-B and TDF domains is 

useful to intervention designers for making a behavioural diagnosis and tailoring intervention 

content in the later stages of the BCW (Ojo, Bailey, Brierley, et al., 2019).  

 

In the outer layers of the wheel (see Figure 2.3), the COM-B and TDF are linked to nine 

intervention functions and seven policy categories. These functions and policy categories are 

the result of an analysis of 19 commonly used behaviour change frameworks identified in a 

systematic literature review (Michie et al., 2011). Intervention functions or broad categories 

of the means by which behaviour might be changed in an intervention, include: ‘Coercion’ 

(e.g., raising the cost of healthcare insurance for those that sit for too long), ‘Enablement’ 

(e.g., individual counselling), ‘Modelling’ (e.g., having the CEO personally demonstrate and 

endorse sitting reduction in a video message to employees), ‘Training’ (e.g., teaching people 

how to use a treadmill desk), ‘Restrictions’ (e.g., setting workplace break rules), ‘Persuasion’ 
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(e.g., provide intranet adverts showing happy workers breaking up their sitting time and 

enjoying more energy) , ‘Incentivisation’ (e.g., using a competition to reinforce break 

taking), ‘Environmental/social restructuring’ (e.g., setting up walking groups), and 

‘Education’ (e.g., providing information about sitting and health risks) (Michie et al., 2014). 

Policy categories reflect the different ways those in authority can choose to execute the 

intervention including: ‘Regulation’ (e.g., agreeing on principles of healthy sitting habits at 

work), ‘Fiscal measures’ (e.g., providing healthcare insurance discounts for sitting 

reduction), ‘Guidelines’ (e.g., disseminating protocols for safe working), 

‘Environmental/social planning’ (e.g., providing sit-stand desks), 

‘Communication/marketing’ (e.g., social media campaign), ‘Legislation’ (e.g., making work 

breaks mandatory), and ‘Service provision’ (e.g., establishing workplace sitting reduction 

support).  The layers of the BCW serve to form links between the source of the behaviour 

that needs changing and solutions for doing so that are tailored to the setting and context. 

 

The BCW addresses the criticisms of individual psychological approaches in that it takes into 

account multiple levels of influence on behaviour, but unlike the social ecological model, it 

provides mechanistic modelling of how and why behaviour is likely to be influenced through 

behaviour change techniques (BCTs) (Michie et al., 2008, 2013). A catalogue of 93 discrete 

BCTs that have been identified by an expert panel as the irreducible and replicable ‘active 

ingredients’ in behaviour change interventions (Michie et al., 2008, 2013). It includes such 

items as Self-monitoring of behaviour, Social comparison, and Goal setting (behaviour), to 

name just a few. BCTs are then systematically matched to relevant intervention function(s) 

and policy category(ies). For example, the BCT, Information about health consequences, can 

be delivered via an information leaflet (intervention function: ‘Education’) under the policy 

category ‘Communication/ Marketing’. With such specificity in the behavioural diagnosis 
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(using COM-B/TDF) and the resulting solution (the intervention function, policy category 

and BCT), the BCW exceeds the social ecological model by clearly modelling processes and 

outcomes as advocated by the Medical Research Council (MRC) for complex intervention 

development (see Chapter 3, Figure 3.1). Along similar lines, the BCW can be used in the 

design, feasibility/piloting, and evaluation phases of the MRC framework; something that is 

more difficult for the social ecological model which is employed as a ‘guiding framework’ 

rather than ‘explanatory theory’ (Sallis et al., 2015). On the other hand, the BCW is similar to 

the social ecological model when it comes to encouraging multi-disciplinary collaborations 

and sharing of best practice, something which single level (psychological or environmental) 

interventions lack (Hadgraft, Dunstan, et al., 2018).  

 

2.4.1 Strength and Limitations of the Behaviour Change Wheel approach 

The BCW is not without limitations. One major criticism is that at present, the BCW protocol 

is time-consuming (Ojo, Bailey, Brierley, et al., 2019). The process encompasses eight steps 

applied on a case-by-case basis, usually involving stakeholders and mixed method data 

collection. While the social ecological model also places an emphasis on context, the fact that 

it acts as an umbrella framework means it may aid quicker intervention development by 

allowing researchers to choose from previously successful intervention components, even 

though the mechanisms by which they work may not yet be fully understood (Carey et al., 

2018; Michie et al., 2008, 2013). However, given the BCW’s theory-based framework, 

interventions designed with it serve to further test behaviour change theory so that going 

forward, more novel interpretations, iterations, and translations of theory (techniques and 

functions) into context-specific policies and modalities are possible (Rothman, 2004). Other 

frameworks for changing behaviour exist, for example the Multiphase Optimisation STrategy 

(MOST) (Collins, 2018) and Intervention Mapping (Eldredge et al., 2016), but their use in 
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sedentary workplace intervention research is limited to a few studies (Coffeng et al., 2017; 

Danquah et al., 2017; Neuhaus, Healy, Fjeldsoe, et al., 2014; Van Dantzig et al., 2013; 

Verweij et al., 2009). What the three frameworks (BCW, MOST, and Intervention Mapping) 

have in common, is a staged, evidence-based approach for complex intervention design. 

MOST and Intervention Mapping allow the researcher more freedom to determine which 

psychological theory is most suited to the target behaviour, whereas the BCW is guided by 

the COM-B analysis (Michie et al., 2011, 2014). Arguably, this allows for more objectivity 

around the application of psychological theory as designers are guided by the behavioural 

diagnosis. In the short term, the eight-step BCW intervention development process will be 

time consuming for researchers. In the long term, compiling this collective knowledge should 

make it possible to streamline the process so that it is easily translatable into practice across 

varied settings (Dewitt et al., 2019). This would aid wider adoption of the BCW and make it 

practicable for scaling up for public health initiatives. 

 

A criticism of the BCW, and of the social ecological model as well, is that interactions 

between various levels of influence are not well understood. However, the BCW has the 

advantage of the BCT taxonomy (Michie et al., 2008, 2013). Complex interventions can thus 

be ‘coded’ for the BCTs they contain. For example, a sit-stand desk would be coded as the 

BCT, Adding objects to the environment. By coding intervention content this way, the 

effectiveness of BCTs can be compared across studies more consistently, even when delivery 

modes (i.e., how BCTs are delivered to the participant) might differ (Michie et al., 2008, 

2013). For example, a sit-stand desk and a treadmill desk both deliver the same core BCT, 

Adding objects to the environment. In this way, the BCW has the potential to investigate 

behavioural and health effects through BCT analyses (Brierley et al., 2019; Gardner et al., 

2016). There are disagreements in the literature, however, about the procedures used to report 



 49 

on the occurrence and co-occurrence of BCTs, delivery methods, and/or the context (Michie 

et al., 2014; Peters et al., 2015). For example, some analyses report only the prevalence of 

BCTs used in the intervention arm of a trial (Gardner et al., 2016; Martin et al., 2013). This 

can lead to biased interpretations of which BCTs work best, since some BCTs such as 

Providing information on health consequences may be present in both intervention and 

comparison arms if both groups received newsletters, for example (e.g., Lin et al., 2017). 

Thus it is important to consider the presence of ‘active’ control groups in any analyses (see 

Chapter 4 for a discussion on this). 

 

Furthermore, the frequency of BCT occurrence among studies does not take into account the 

clustering of BCTs and how the co-occurrence of certain techniques may relate to 

effectiveness (Peters et al., 2015). Behaviour change may depend heavily on contextual 

factors that are hard to quantify, such as the setting, procedures, materials, delivery mode, 

and dose (Hoffmann et al., 2014). The social ecological model offers no such pathway for a 

deeper understanding of these interactions. Repetition across settings using the social 

ecological model allows researchers to determine where the similarities and differences lie, 

resulting in a somewhat crude library of solutions. Qualitative studies into the participant 

experience can shine light on the interplay between the various social, individual, 

environmental and policy factors, but this again, may be context specific. The BCW has the 

advantage in that there is the potential for investigating BCT interactions in sedentary 

behaviour research similar to previous research in other health behaviour change settings 

(Bird et al., 2013; Dombrowski et al., 2012; Dusseldorp et al., 2014; Greaves et al., 2011; 

Michie et al., 2009; Taylor et al., 2012; Webb et al., 2010). On balance, the BCW is a good 

choice for complex intervention design, in particular those following the MRC framework, 
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because it addresses multiple levels of influence on behaviour via a systematic structure 

based on interdisciplinary behaviour change theory.  

 

There is emerging evidence that the BCW approach is effective in multi-component 

sedentary workplace trials (Dewitt et al., 2019; Edwardson et al., 2018; Ojo, 2020 [doctoral 

thesis]). The Stand More AT (SMArT) Work intervention (involving sit-stand desks, an 

educational seminar and leaflet, a booklet for goal setting, instructions for desk use and 

behavioural advice, prompting software also providing self-monitoring, regular coaching and 

feedback on behaviour, and workplace posters) demonstrated an 83.28 minutes/workday 

reduction in sitting time among National Health Service (NHS) office staff at 12 months 

(Edwardson, Yates, et al., 2018; Munir et al., 2018). Studies with university office workers 

have shown sitting reductions ranging from 30 minutes/workday at eight weeks (Ojo, 2020 

[doctoral thesis]; Ojo, Bailey, Brierley, et al., 2019) up to 110 minutes/workday at 12 weeks 

in the ReSiT (Reducing Sitting Time) study (Dewitt et al., 2019; Gardner et al., 2017). 

However, the way in which researchers have applied the BCW for intervention development 

(including the design, implementation, and evaluation phases) differ considerably among 

studies. All three studies assessed the COM-B needs of employees but in different ways. For 

example, Ojo, Bailey, Hewson et al. (2019) conducted pre-intervention interviews, SMArT 

Work conducted focus groups, and ReSiT asked participants to self-diagnose their own 

COM-B barriers to sitting reduction during an individual, face-to-face counselling session 

(they were asked to select which of three statements were most applicable: ‘I do not feel 

capable of reducing my sitting at work’; ‘I do not feel I have the opportunity to reduce my 

sitting at work’; ‘I do not feel motivated to reduce my sitting at work’.). All three studies 

were tailored using the BCTs identified in their COM-B assessment. Two of the studies  

further refined which BCTs to include using an APEASE assessment (Munir et al., 2018; 



 51 

Ojo, Bailey, Brierley, et al., 2019). Process evaluations were conducted (or are planned) in all 

three studies combining quantitative measures like participation rates and qualitative 

assessments like post-intervention interviews, though a formal framework is not currently 

specified by the BCW. In summary, the BCW has been applied in a variety of ways for 

sedentary workplace interventions but in each example, there has been systematic process 

and documentation of BCT selection and implementation. The BCW, with its pragmatic, 

mixed method approach, has been selected for this thesis because of the need for 

transdisciplinary sedentary workplace interventions that influence multiple levels of 

behaviour (including automatic motivation and habits), coupled with the need for increased 

transparency and rigour in complex intervention design. One goal of this thesis is to provide a 

roadmap for sedentary workplace intervention development. 

 

2.5 Previous systematic reviews on sedentary workplace interventions 

To date, systematic reviews on sedentary workplace interventions have focused on assessing 

behavioural effects. Workplace interventions to reduce daily occupational sitting have been 

successful in changing workers’ behaviour to sit less at work by half an hour to two hours 

(Chu et al., 2016; Shrestha et al., 2016, 2018). The two most effective kinds are multi-

component interventions (ones that incorporate individual, organisational, and environmental 

changes) and environmental interventions that use active workstations (Chu et al., 2016; 

Shrestha et al., 2016, 2018). At present, the evidence quality for environmental effectiveness 

alone remains weak and it is unclear how well sedentary behaviour reduction can be 

sustained over the long term (Neuhaus et al., 2014; Shrestha et al., 2016). The multi-

component approach, however, is likely to demonstrate greater behaviour effects (Neuhaus, 

Healy, Dunstan, Owen, & Eakin, 2014) and is consistent with best practice for complex 

interventions (Medical Research Council, 2000; WHO, 2010) (see Chapter 3). With the aim 
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of any sedentary workplace intervention being to ultimately improve employee health, one 

next step could be to systematically assess the literature for cardiometabolic risk marker 

changes. The most recent systematic review of workplace interventions has been the updated 

Cochrane Review (Shrestha et al., 2018). Though comprising a total of 34 studies (3,397 

participants) and including an array of intervention types from treadmill desks to 

information/counselling interventions, the review did not report on health outcomes. This 

may have been due in part because many of the studies included in the Cochrane Review did 

not collect cardiometabolic risk marker data. In order to ascertain the cardiometabolic risk 

marker effects of sedentary workplace interventions it was deemed necessary to conduct a 

new review specifically on this topic. 

 

2.6 Summary 

In summary, prolonged uninterrupted sedentary behaviour is detrimental for cardiometabolic 

health. Increased total sedentary time and prolonged bouts have been shown to be associated 

with detrimental effects on cardiometabolic risk markers. For adult office workers, a large 

proportion of daily sedentary time occurs at work, offering a pragmatic setting for targeting 

sedentary behaviour reduction. Police staff were identified as an occupational group that 

would likely benefit from a sedentary workplace intervention. The next chapter (Chapter 3) 

presents a roadmap for developing a sedentary workplace intervention aligned with the best 

practice for complex intervention design.
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Chapter 3: Methodology 

3.1 Overview of the chapter 

In the past, workplace interventions have focused on improving health through a variety of 

health behaviours such as physical activity, nutrition, and mindfulness. This thesis focuses on 

interventions to reduce sedentary behaviour at work and providing a roadmap for doing so. In 

targeting prolonged sitting at work, strategies have ranged from individual-focused 

psychological approaches, to environmental alterations, to approaches that address multiple 

levels of influence on behaviour (Sallis et al., 2006, 2015). This thesis uses the Behaviour 

Change Wheel (BCW) framework to guide the design of the A-REST intervention (see 

Chapter 7) applying a pragmatic, mixed-methods approach with both qualitative and 

quantitative data for a comprehensive solution to changing the target behaviour. The full 

methodology here sets out the basis for conducting a systematic review (Chapter 4); 

interviews with former intervention participants (Chapter 5); interviews with stakeholders 

(Chapter 6); the selection of appropriate functions, policies and modalities of delivery 

(Chapter 7); and, finally, a feasibility trial (Chapter 8).  

 

3.2 A roadmap for developing sedentary workplace interventions  

This thesis offers a roadmap for sedentary workplace intervention development. The Medical 

Research Council (MRC) offers a basic guiding framework for complex intervention design 

with an iterative four-stage process including development, feasibility and piloting, 

evaluation, and finally implementation (Campbell et al., 2007a; Craig et al., 2019; MRC, 

2000). The intervention roadmap outlined in this thesis links explicitly to the various stages 

in the MRC design (See Figure 3.1).  
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Figure 3.1. This thesis’ roadmap for intervention development linked to the Medical 

Research Council’s (MRC) iterative model for complex interventions (Campbell et al., 

2007a; Craig et al., 2019; MRC, 2000).  

NOTE: TIDieR = Template for Intervention Description and Replication 

 

Much of the roadmap (Steps 1-3) is concerned with evidence gathering and establishing 

mechanisms of action, and therefore links logically to the first MRC development phase. In 

relation to sedentary behaviour change interventions in the workplace, the development stage 

relates to the part of the process devoted to reviewing the current literature, developing the 

theory, and modelling the processes of behaviour change in context. Intervention 

development has been recognised as a critical stage before feasibility testing in the larger 

scheme of running a fully powered trial  (Campbell et al., 2007a; Craig et al., 2019; MRC, 

2000). The feasibility portion of the roadmap naturally links in with the MRC’s 

MRC Framework

Intervention 
roadmap

Chapter 4 
(Study 1)

Chapter 7
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(Studies 2 & 3)

Chapter 9
Discussion
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feasibility/piloting stage. This represents a chance to trial the intervention, allowing for 

estimates in recruitment, retention, and sample sizes required for fully powered trials during 

the later implementation stage. In the evaluation stage, the intervention is assessed for 

effectiveness, including cost-effectiveness, if appropriate; and for better understanding 

mechanisms of action, that is, how behaviour changes came about. The final stage is 

implementation, whereby a full trial may be executed, or where changes are implemented in 

the workplace while behaviours (and possibly health outcomes) are monitored, ideally with 

long term follow-up. The roadmap in this thesis extends to a discussion around how to refine 

and scale up an intervention such as A-REST (see Chapter 9), and therefore links to both the 

evaluation and implementation stages in the MRC framework. For an in-depth description of 

the Behaviour Change Wheel and how it has been applied in this thesis, see Sections 3.5 and 

3.6, respectively. First, though, the epistemological stance of the thesis is outlined, explaining 

the rationale for a mixed methods approach to sedentary workplace intervention design.   

 

3.3 Epistemological stance 

This doctoral research uses a mixed methods design, involving both quantitative and 

qualitative research methods in a series of studies to develop and test a sedentary workplace 

intervention (Creswell, 2014). The philosophical stance of the researcher plays an important 

part in mixed methods and this researcher takes a pragmatic worldview. Pragmatism is the 

philosophy that though there is an objective reality, there is also subjective experience of that 

reality (Creswell, 2014). This pragmatism can be detected in both the intervention 

development phases (Studies 1, 2, and 3) and in the evaluation of the intervention trial itself. 

In terms of intervention development, there are some things that are not yet understood that 

warrant qualitative investigation, like the specific barriers to reducing sitting for police staff 

(the target population in this thesis). In contrast, investigating the acute effects of breaking up 
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prolonged sitting time on cardiometabolic risk markers in a sedentary workplace intervention 

trial requires a quantitative approach through testing and experimental design (via a repeated 

measures feasibility study). By using a combined approach throughout development and 

implementation, it is possible to gain an enhanced understanding of how to effectively reduce 

occupational sedentary behaviour in the target setting.  

 

In quantitative methods, the researcher is seen as separate from the participants. The method 

is deductive in nature, starting with an initial hypothesis to be supported or not with the 

research (Mertens, 2010). The method for qualitative methods is less distinct and more fluid, 

emanating from an inductive standpoint with an exploratory research question, or at most, a 

vague hypothesis (Creswell, 2014). The researcher is often heavily involved in the process of 

data collection whether that be conducting interviews or co-creating interventions (Creswell, 

2014). The downside is that this interaction may introduce researcher bias into the results, 

whereas as quantitative research adopts an objective perspective (Creswell, 2014, 2018). That 

said, in quantitative investigations, this distance from the data and data sources may not 

translate well to real life (Creswell, 2014). Qualitative research recognises that many realities 

may co-exist and that meaning changes according to context (Creswell, 2014).  

 

Given the complex nature of behaviour change, a straightforward quantitative approach 

would not be sufficient for investigating the phenomenon of workplace sedentary behaviour 

change. For example, though laboratory studies demonstrate that breaking up siting time 

frequently (every 20 minutes) with 2 minutes of light to moderate intensity walking is 

effective at reducing post-prandial glucose (Bailey et al., 2017; Bailey & Locke, 2015; 

Dunstan et al., 2012), imposing such an intervention on employees in a real office setting 

without consulting them first would likely be met with poor compliance. Thus, in the 
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development of this intervention, qualitative and quantitative methods are interdependent, 

helping to balance inherent shortcomings and biases in each method. 

 

Guiding this choice is a pragmatic philosophy towards intervention development. 

Pragmatism centres on the research problem, using all research processes necessary in order 

to best solve it (Creswell, 2018; Rossman & Wilson, 1985, 1994). Pragmatism embraces 

diversity in research methods and philosophies, drawing from quantitative and qualitative 

approaches when deemed appropriate to do so (Creswell, 2018). Other philosophical 

worldviews include transformative, post-positivist, and constructivist philosophy (Creswell, 

2014). The constructivist worldview, usually associated with qualitative methods, seeks to 

understand the meaning individuals assign to phenomena (Creswell, 2014). Participant views 

are paramount, and these guide the research towards elucidating the personal, cultural, and 

historical reasons that interact to produce these views (Creswell, 2018). Essentially, meaning 

is constructed as individuals interact with their surroundings. Chapters 5 and 6 involve a 

constructivist understanding of how sedentary behaviour change is understood in respective 

workplaces, before or after an intervention. Once context is understood and incorporated into 

intervention design, feasibility testing for preliminary effects is warranted using a post-

positivist philosophy (Eldridge et al., 2016). 

 

Post-positivist philosophy is generally associated with quantitative research and the 

traditional scientific investigation of cause and effect (Creswell, 2018). Positivism postulates 

there is an absolute truth, but post-positivism recognises that there may be more than one 

truth to human behaviour (Creswell, 2018; Phillips & Burbules, 2000). Still, observation and 

measurement are central features of this worldview. Theory is tested, either supported or not, 

and revised as a result. In Chapter 8, post-positivist philosophy is evident as behaviour 
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change theory is empirically tested in the feasibility study. The goal being to revise and 

improve upon the intervention in later iterations like a randomised controlled trial (RCT). A 

post-positivist angle is also seen in Chapter 4 with a systematic approach to literature 

reviewing. The narrowness of a post-positivist worldview with its emphasis on positive laws 

and objective theories, has garnered criticism however, and the transformative worldview has 

been one response to this (Cresswell, 2018). 

 

Transformative worldview explores the experiences of those who have been habitually 

marginalised by society (Creswell, 2018; Mertens, 2008). This usually involves the 

investigation of political and social action to address what may be systemic inequalities 

relating to age, gender, socioeconomic status, disability, sexual orientation, among other 

things. Strategies to cope and power relationships are examined within the transformative 

worldview, which is in part a response to post-positivist philosophy (Creswell, 2018). 

Elements of the transformative worldview are present in Chapter 7, for example, when 

consideration was made for developing a low-cost intervention, as more individuals and 

organisations could potentially benefit from it. One of the benefits of conducting post-

intervention interviews as done in Chapters 5 and 8, is that systemic inequalities can be 

brought to light through conversations with participants (Cresswell, 2018). 

 

All in all, a pragmatic stance serves to integrate a variety of worldviews most appropriate to 

the research question at hand. In so doing, a multiphase, mixed methods design is required, 

allowing for thorough understanding of the phenomenon in order to completely answer the 

research question (Creswell, 2014; Rossman & Wilson, 1985, 1994). Designing a complex 

intervention for workplace sedentary behaviour change not only requires a pragmatic 
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approach, but a systematic one so that quantitative and qualitative approaches are applied at 

the right stage, in the right manner, for optimal intervention effectiveness.  

 

 

3.4 Overview of the intervention development process 

Development of the current intervention follows the steps outlined by the Behaviour Change 

Wheel (Michie et al., 2014) (see Figure 3.2). The BCW guides intervention designers to do 

three things: 1.) understand the target behaviour (in this case breaking up and reducing 

prolonged sitting), 2.) identify intervention options (how changes might function and be 

implemented with various policies), and 3.) identify content and implementation options 

(behaviour change techniques and modes of delivery) (Michie et al., 2014).  

 

Figure 3.2. The three stages of the intervention development process according to the 

Behaviour Change Wheel (Michie et al., 2014) 

The three stages are subdivided into eight steps for devising and implementing a tailored 

intervention. The steps are described as follows: 

• Step 1. To begin with, the behavioural problem must be identified in the target 

population, with clear specification of the behaviour to be changed.  
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terms
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functions
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• Step 8. Mode of 
delivery
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• Step 2. Next, a list of potential behaviours to target and intervene on needs to be 

generated and the most appropriate behaviour(s) selected for intervention.  

• Step 3. In this step, specific details surrounding performance of the target behaviour 

are explored in depth using the questions: who does this behaviour; what needs to 

happen in order for this behaviour to change; how is the behaviour performed; and 

where, when, and with whom do participants perform the behaviour (Michie et al., 

2014).  

• Step 4. Speaking with key stakeholders is important for identifying what needs to 

change and understanding the context (Michie et al., 2014).  

• Step 5 & 6. It is important to identify intervention functions and policy categories that 

can be applied successfully in the organisational context.  

• Step 7. Intervention BCTs were next selected to address behavioural determinants 

(identified via the COM-B diagnosis and mapped to the TDF in Study 3) and align 

with appropriate intervention functions and policy categories.  

Step 8. Once prospective BCTs have been identified, it is necessary to select how 

they will be delivered (i.e., the mode of delivery). 

 

The first three studies in this thesis were carried out in order to address all of these steps and 

produce a theoretically driven intervention. The specific results of carrying out Steps 1-8 are 

available in Chapter 7. In brief, interviews with police staff about the specific barriers and 

facilitators to breaking up and reducing sitting in the workplace helped inform Steps 1-4 with 

details about the target behaviour among police office staff (i.e., context) (Study 3, Chapter 

6). Police interviews also helped inform Steps 5-8 where intervention functions, policy 

categories, BCTs and modes of delivery were selected. A systematic review of the evidence 

relating to interventions to reduce sedentary behaviour and improve cardiometabolic risk 
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markers in office workers provided a basis for evidence for Step 7, BCT selection (Study 1, 

Chapter 4; Brierley et al., 2019). Semi-structured interviews on the acceptability and 

practicability of a previous sedentary workplace intervention helped further inform Steps 5-8 

where intervention functions, policy categories, BCTs and modes of delivery were selected 

(Study 2, Chapter 5). In addition, given the real-world and pragmatic nature of this thesis, it 

was also necessary to take into account the affordability, practicability, effectiveness and 

cost-effectiveness, acceptability, side effects/safety, and equity  of the proposed intervention 

using the APEASE criteria which is an element of the BCW (Michie et al., 2014). APEASE 

ensures that the BCTs, intervention functions, policy categories, and modes of delivery are 

appropriate given the context (i.e., setting and population) and thereby more likely to have 

the intended impact (Michie et al., 2014). A description of the full APEASE criteria used to 

screen aspects of the intervention are stated in Table 3.1 (below). In Chapter 7, all 

intervention selections made are traceable back to the information source (i.e., in which study 

they were identified). 
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Table 3.1. APEASE criteria for screening potential intervention functions, policy categories, behaviour change techniques and modes of delivery 

for intervention studies 

Criterion  Description  

Affordability  Interventions often have an implicit or explicit budget. It does not matter how effective, or even cost effective 

it may be if it cannot be afforded. An intervention is affordable if within an acceptable budget it can be 

delivered to, or accessed by, all for whom it could be relevant or of benefit. 

 

Practicability  An intervention is practicable to the extent that it can be delivered as designed through the means intended to 

the target population. For example, an intervention may be effective when delivered by highly trained staff 

with extensive resources but in routine practice this may not be achievable. 

 

Effectiveness and cost-

effectiveness  

Effectiveness refers to the effect size of the intervention in relation to the desired objectives in a real-world 

context. It is distinct from efficacy which refers to the effect size of the intervention when delivered under 

optimal conditions in comparative evaluations. Cost-effectiveness refers to the ratio of effect to cost. If two 

interventions are equally effective, then clearly the most cost-effective should be chosen. If one is more 

effective but less cost-effective than another, other issues such as affordability come to the forefront of the 

decision-making process. 

 

Acceptability  Acceptability refers to the extent to which an intervention is judged to be appropriate by relevant 

stakeholders (public, professional, and political). Acceptability may be different for different stakeholders. 

 

Side effects/safety  An intervention may be effective and practicable but have unwanted side-effects or unintended 

consequences. These need to be considered when deciding whether or not to proceed. 

 

Equity  An important consideration is the extent to which an intervention may reduce or increase the disparities in 

standard of living, wellbeing, or health between different sectors of society. 

NOTE: (table from Barker et al., 2016)
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3.5 The Behaviour Change Wheel – incorporating a mixed methods 

approach 

A mixture of qualitative and quantitative methods was incorporated at various stages of the 

intervention design process. The following describes how the BCW approach has been 

applied in the thesis using this combination of qualitative and quantitative methods in order 

to develop, implement and evaluate a sedentary workplace intervention to reduce prolonged 

sitting and improve cardiometabolic risk markers in police staff. 

 

This doctoral thesis first systematically reviewed the literature on sedentary workplace 

interventions to determine the most frequently used BCTs in effective interventions based on 

whether they were able to improve cardiometabolic risk markers. This provided a set of core 

BCTs to be included in a workplace intervention to reduce sitting and improve health 

cardiometabolic health in police staff. A similar strategy was employed by Dewitt et al. 

(2019) who incorporated BCT findings from their systematic literature review on workplace 

interventions (conducted as part of a sub analysis of sedentary behaviour interventions, in 

general) (Gardner et al., 2016). The feasibility study in this thesis was strengthened by the 

explicit inclusion of BCTs frequently occurring in promising interventions for both behaviour 

and cardiometabolic health outcomes.  

 

Another way in which the BCW was applied was via interviews with participants of a 

sedentary workplace intervention to understand the intervention’s affordability, practicability, 

effectiveness, acceptability, safety, and equity (APEASE; Michie et al., 2014). The goal 

being to incorporate lessons learned about how BCTs were perceived and received (Michie et 

al., 2014). This largely served to refine the choice of modality for more effective BCT 

delivery, helping to answer the questions of what works and why. It also served to elucidate 
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the interrelationships between individual, social, environmental and policy level components. 

For example, how were sit-stand desks used? What were the facilitators of use? What were 

the remaining barriers? the incorporation of the systematic review to determine the most 

frequently used BCTs in effective interventions and interviews with former intervention 

participants provided stronger evidence and justification for the final intervention protocol.  

 

As mentioned before, designers of sedentary workplace interventions in the past have usually 

followed a process of interviewing stakeholders in the workplace setting to gather insights 

into behavioural determinants of sitting (Munir et al., 2018; Ojo, Bailey, Hewson, et al., 

2019). Likewise, this thesis followed the BCW’s eight-step process for identifying the target 

behaviour and potential ways to intervene. Functions, policies, BCTs and delivery modalities 

were identified for the intervention developed in this thesis, which were then refined using 

the APEASE criteria to ensure its affordability, practicability, effectiveness, acceptability, 

safety, and equity (Michie et al., 2014). Additional information from the systematic review 

(Chapter 4) and interviews with former employees (Chapter 5) served to help select the most 

appropriate intervention functions and policy categories for their deliver, BCTs and delivery 

modalities.  

 

As discussed earlier, the MRC framework advocates for feasibility and/or pilot testing of an 

intervention prior to an RCT. A feasibility study provides an opportunity to collect important 

information about participant recruitment, retention, resource use, barriers and facilitators to 

uptake, fidelity, adoption, and preliminary effects (Eldridge, Chan, et al., 2016; Eldridge, 

Lancaster, et al., 2016). This in turn, provides valuable information about how, where, and 

when to deploy resources efficiently in a full-scale RCT. Previous sedentary workplace 

intervention studies lack consistency in reporting feasibility information (Macdonald et al., 
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2018). To address this gap in the current thesis, two frameworks were employed: PRECIS-2 

(PRagmatic Explanatory Continuum Indicator Summary-2; Loudon et al., 2015; Thorpe et 

al., 2009) and RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance; 

Gaglio et al., 2013; Glasgow et al., 1999) (for full details of PRECIS-2 and RE-AIM see 

Chapter 8). Fidelity, according to Bellg et al.’s (2004) 5-point framework, was also 

incorporated into the assessment (see Chapter 8). To the best of the thesis author’s 

knowledge, at the time of writing none of these frameworks had been used before in 

sedentary workplace intervention research. The BCW lends itself to all stages of the 

intervention development process and allows for the incorporation of these evaluative 

frameworks in the transparent development of an effective behaviour change intervention.  

 

3.6 Assessing sedentary behaviour outcomes 

There are a range of methods available for measuring sedentary behaviour. Subjectively, 

sedentary behaviour at work can also be assessed via surveys like the domain specific sitting 

time questionnaire (Marshall et al., 2010) or the Occupational Sitting and Physical Activity 

Questionnaire (OSPAQ; Chau et al., 2012). A key disadvantage of questionnaires is that 

retrospective accounts can lead to recall bias, where poor memory leads to under or 

overreporting of sedentary behaviours (Reilly et al., 2008). Jancey et al. (2014) found that 

compared to device-measured sitting time, participants both under- and overestimated their 

sitting on the OSPAQ by as much as 734 minutes per week. That said, sedentary behaviour 

questionnaires that ask about domain-specific sitting time (e.g., at work, leisure time) and 

activities typically associated with sitting (e.g., commuting, using a computer) have shown 

fairly good validity with device-assessed methods for total sitting time (Marshall et al., 

2010), though questionnaires may be less reliable for estimating breaks in sitting time (Clark 

et al., 2011). 
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Bias leading to systematic error in reporting sedentary behaviour can be corrected for as long 

as the uncertainty can be estimated. However, surveys are not very precise when it comes to 

patterns of sedentary time, which, research has shown, may be important for evaluating 

cardiometabolic risk (Carson et al., 2014). Questionnaires that are less specific, such as the 

International Physical Activity Questionnaire (IPAQ; The IPAQ Group, 2020), which has 

only one question on sitting time (“During the last 7 days, how much time did you spend 

sitting on a week day?”) have been shown to underestimate by more than 50% the regression 

coefficients for insulin and insulin resistance (HOMA-IR) associated with sitting time 

compared to accelerometer-derived sedentary time over the same period (Celis-Morales et 

al., 2012). The benefits, however are that subjective questionnaires are easier, less expensive, 

and more widely administered allowing larger study samples and more cross-study 

comparisons (Hart et al., 2011). It is only from about 2008 onwards, that electronic 

monitoring devices such as the activPAL have exponentially increased in usage in sedentary 

behaviour research (Edwardson et al., 2017). However, it is important to note that with these 

devices, measurement precision is key to avoiding random error.  

 

Developments in device-assessed measurement with accelerometers and inclinometers mean 

that researchers can more accurately capture the timing, frequency and duration of sedentary 

time and bouts (Dunstan et al., 2010). The activPAL3 tri-axial accelerometer (PAL 

Technologies, Glasgow, UK) is typically worn for seven days and can capture information 

pertaining to work averages of total sitting time, standing, sedentary bouts, total time 

accumulated in prolonged sedentary bouts (≥30 minutes, for example), number of sit-stand 

transitions, and number of steps. The activPAL is particularly suited for sedentary behaviour 

measurement because it considers both posture and energy expenditure (by proxy via step 
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counts per minute) in monitoring sedentary behaviour. Devices such as the activPAL reduce 

participant burden by automatically recording behaviour without the need to manually log 

activity. Potential drawbacks are that participants may have concerns that devices are more 

invasive both in a physical sense (the activPAL requires attachment on the thigh, for 

example), but also privacy-wise, with concerns over movement monitoring. It has been 

recommended as best practice that alongside any device-measured monitoring, self-report 

measures should be included if feasible (Healy, Clark, et al., 2011). This allows for a better 

overall picture of the behaviours and domains associated with sedentary time (self-report) as 

well as total sedentary time and how it is accumulated (device-measured assessment) (Healy, 

Clark, et al., 2011; Urda et al., 2017).  

 

Along with accuracy, sensitivity to change is another important consideration when it comes 

to sedentary behaviour monitoring in interventions.  ‘Sensitivity’ in this context denoting the 

ability to detect a true change in an individual’s or group’s measured behaviour beyond that 

of normal variance (Chastin, Winkler, et al., 2015). Device selection needs to take into 

account the intervention design and population being studied which have been found to affect 

this sensitivity to change (Chastin, Winkler, et al., 2015). For assessing single group, within-

subject change, devices like the hip-worn Actigraph (Actigraph, LLC; Pensacola, FL, USA) 

have been found to be more sensitive to total sedentary time change. However, when 

assessing break rate (Lyden et al., 2012) and sit-stand transitions (Chastin, Winkler, et al., 

2015), the ActivPAL has shown greater sensitivity. For workplace-based interventions, both 

devices have been shown to be comparable apart from when large changes were apparent, 

with the Actigraph being more sensitive to this change (Chastin, Winkler, et al., 2015). Given 

the behavioural target of the present intervention is to break up workplace sitting time every 

half hour with 3-minutes of incidental movement, the activPAL would seem more 



 70 

appropriate. Additionally, to help reduce the chance of random error, and thus reduce noise in 

the data, sampling behaviour over multiple days at each timepoint is best practice. Combined 

with excellent validity, the ActivPAL is thus particularly suited to the proposed intervention. 

Additionally, the precision in measurement of bouts and breaks afforded by the ActivPAL 

has implications for estimating cardiometabolic health risks associated with sedentary 

behaviour accumulation (Prince et al., 2019). 

 

3.7 Summary 

In summary, this chapter describes a roadmap for the methodological approach taken to 

develop, implement, and evaluate the feasibility of a sedentary workplace intervention. The 

roadmap aligns with MRC best practice for developing and evaluating complex interventions. 

To begin with, the thesis takes a pragmatic epistemological stance. The BCW was selected 

for its theory-driven approach, and suitability for addressing workplace sedentary behaviour 

change. A mixed methods approach complements the BCW’s three-stage development 

framework. Objectively-gathered sedentary behaviour data through postural accelerometery 

was the preferred method over subjective self-reports which may be prone to response bias 

(Brocklebank et al., 2015). Precise monitoring of total and also patterns of sedentary time is 

key for determining efficacy in behaviour change trials (Engbers & Sattelmair, 2008). In 

review, a mixed methodology was selected starting with a narrative systematic review 

(Chapter 4); qualitative interviews with former intervention participants (Chapter 5); 

qualitative interviews with stakeholders (Chapter 6); the systematic selection of appropriate 

intervention functions, policy categories, BCTs and modalities of delivery (Chapter 7); and 

finally, the conduct of a feasibility trial incorporating quantitative secondary outcome 

assessments (Chapter 8).
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Chapter 4: The effectiveness of sedentary behaviour reduction 

workplace interventions on cardiometabolic risk markers: A 

systematic review (Study 1) 

This chapter has been published as: Brierley, M. L., Chater, A. M., Smith, L. R., & Bailey, D. 

P. (2019). The effectiveness of sedentary behaviour reduction workplace interventions on 

cardiometabolic risk markers: A systematic review. Sports Medicine, 1-29. 

 

4.1 Chapter overview 

Sedentary behaviour is a risk factor for type 2 diabetes and cardiovascular disease (see 

Chapter 2 for a discussion). The aims of this chapter (Study 1) were to systematically review 

the effects of workplace sedentary behaviour reduction interventions on cardiometabolic risk 

markers (primary aim) and identify the active behaviour change techniques (BCTs) by which 

these interventions work (secondary aim). A systematic search of 11 databases for articles 

published up until 12th April 2019 yielded a total of 4255 unique titles with 29 articles being 

identified for inclusion. Interventions were rated as very promising, quite promising, or non-

promising based on their effects on cardiometabolic risk markers compared with baseline 

and/or a control group. Interventions were coded for BCTs used. To assess the relative 

effectiveness of BCTs, a promise ratio was calculated as the frequency of a BCT appearing in 

all promising interventions divided by its frequency of appearance in all non-promising 

interventions. A narrative synthesis included 29 published studies of varying study design 

and comprised of 30 interventions. Risk of bias was high for blinding and allocation 

concealment, moderate for random sequence generation, and low for outcome assessment. 

Nine interventions were very promising, eleven were quite promising, ten were non-
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promising, and ten active control groups did not experience cardiometabolic changes. 

Significant sedentary behaviour reductions were present in all but five studies where 

cardiometabolic risk markers improved. The BCTs of social comparison, problem solving, 

demonstration of the behaviour, goal setting (behaviour), behaviour substitution, and habit 

reversal, demonstrated moderate to high promise ratios. Workplace interventions show 

promise for improving cardiometabolic risk markers. The BCTs with greatest promise of 

cardiometabolic risk marker improvements included social comparison, individual habits, 

and behaviour goals.   

 

4.2 Background 

The nature of work has changed over the last 60 years with an increase in the number of 

sedentary service jobs (now representing 43% of all jobs) and a decrease in the number of 

jobs requiring moderate physical activity (20% of all jobs) (Church et al., 2011). Sedentary 

behaviour is defined as any waking behaviour with an energy expenditure of less than 1.5 

metabolic equivalents (METs) while in a sitting, lying, or reclining position (Tremblay et al., 

2017). A wide body of evidence suggests that sedentary behaviour is an independent risk 

factor for a range of health outcomes such as cardiovascular disease, type 2 diabetes, some 

cancers, and premature mortality (Healy, Matthews, et al., 2011; Owen, Healy, et al., 2010; 

Proper et al., 2011; Wilmot et al., 2012). However, high levels of moderate-intensity physical 

activity (60 minutes/day) may negate the increased mortality risk associated with high levels 

of sitting (Ekelund et al., 2016). Office workers spend upwards of 65% of their working 

hours sedentary (Clemes, O’Connell, et al., 2014a; Clemes, Patel, et al., 2014; Parry & 

Straker, 2013; Thorp et al., 2012) with almost half of this time accrued in prolonged bouts of 

sitting (≥ 20 minutes at a time) (Thorp et al., 2012). The office workplace thus represents a 
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public health opportunity to intervene in a large population who engage in high amounts of 

sitting (Buckley et al., 2015). 

 

Expert statement guidelines have been published recommending that full-time employees 

engage in standing or light intensity activity for half of their work day; that they break up 

their sitting time throughout the day at regular intervals; and that they avoid any prolonged 

static postures (sitting or standing) (Buckley et al., 2015). However, the authors 

acknowledged the limited epidemiological evidence and controlled laboratory trials that the 

recommendations are based on and stress the need for longer term workplace-based efficacy 

trials (Buckley et al., 2015). The guidelines also omit specific information pertaining to the 

cardiometabolic benefits from reducing prolonged sitting, such as the effects on specific 

biomarkers that indicate a person’s risk for developing chronic disease.  

 

Detrimental associations of prolonged device-measured sedentary time have been found with 

waist circumference (Healy, Matthews, et al., 2011; Healy, Wijndaele, et al., 2008), clustered 

metabolic risk score (Healy, Wijndaele, et al., 2008), high density lipoprotein (HDL) 

cholesterol (Healy, Matthews, et al., 2011), triglycerides (Healy, Matthews, et al., 2011), and 

insulin (Healy, Matthews, et al., 2011). Conversely, an increased number of breaks in daily 

sedentary time was favourably associated with body mass index, waist circumference, 

triglycerides and postprandial glucose levels (Healy, Dunstan, et al., 2008; Healy, Matthews, 

et al., 2011). These breaks were brief changes from sedentary to light intensity activity 

lasting longer than one minute and averaging about four minutes each. These associations 

were independent of total daily sedentary time and moderate-to-vigorous physical activity 

(Healy, Dunstan, et al., 2008; Healy, Matthews, et al., 2011). To further support these 

findings, there is experimental evidence to suggest that small reductions in sedentary time 
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(e.g. by 28 minutes) when sitting is interrupted with short frequent bouts of standing, light- or 

moderate-intensity walking improves cardiometabolic risk markers over a single day (Bailey 

et al., 2016, 2017; Bailey & Locke, 2015; Dunstan et al., 2012; Peddie et al., 2013). 

Controlled free-living studies have also demonstrated positive cardiometabolic changes in 

response to reducing daily sitting time over four days (Duvivier et al., 2013, 2017, 2018). 

Longer term interventions that promote reductions in sitting in the workplace by increasing 

standing, light intensity physical activity, or a combination of both can effectively reduce 

sitting time at work (Chu et al., 2016; Shrestha et al., 2016). However, it remains unclear if 

these interventions also improve cardiometabolic risk markers.  

 

Previous reviews of sedentary behaviour reduction workplace interventions have focused on 

behaviour outcomes (i.e. changes in sedentary behaviour) and have not considered the effects 

of such interventions on cardiometabolic risk markers (Chau et al., 2010; Chu et al., 2016; 

Shrestha et al., 2016). Overall, workplace interventions have significantly reduced sitting 

time by 39.6 minutes per 8-hour workday (95% confidence interval [CI]: -51.7 to -27.5) 

according to a pooled meta-analysis of 21 intervention studies (Chu et al., 2016). A variety of 

strategies were deployed in these interventions, but the most effective were single component 

environmental interventions (a pooled reduction of -72.8 minutes/8-hour workday; 95% CI: -

104.9, -40.6) and multi-component interventions that targeted environmental (e.g. sit-stand 

desks), individual (e.g. prompt software) and organisational strategies (e.g. manager emails) 

(-88.8 minutes/8-hour workday; 95% CI: -132.7, -44.0). However, there has been no review 

of the efficacy of specific behaviour change techniques (BCTs) used in sedentary behaviour 

workplace interventions for improving cardiometabolic health, which would help to 

appropriately inform future workplace interventions and policy. 
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The efficacy of sedentary behaviour workplace interventions to improve cardiometabolic risk 

markers is not clear. A systematic review of interventions to reduce sedentary behaviour or 

increase physical activity during productive work in predominantly office-based workers 

reported conflicting or insufficient evidence for an effect of active workstation, stair use or 

personalised behavioural (e.g. goal setting, self-monitoring) interventions on anthropometric, 

lipid and metabolic health profiles (Commissaris et al., 2015).  However, this study 

collectively reviewed interventions that aimed to increase physical activity and/or reduce 

sedentary time and the isolated effects of sedentary behaviour interventions separate from 

those that focused only on physical activity were thus not reported. A systematic review of 

interventions to reduce sedentary time in free-living adults found that physical activity-only 

interventions (n = 16) and lifestyle interventions simultaneously targeting sedentary 

behaviour, physical activity and diet (n = 22) significantly improved cardiometabolic risk 

markers, but that interventions explicitly targeting sedentary behaviour only (n = 3) did not 

report on these outcomes (Martin et al., 2015). At present, no systematic review has 

examined the isolated effects of workplace sedentary behaviour interventions (i.e. not 

including studies that target physical activity only) on cardiometabolic risk markers. This is 

important to understand the potential effectiveness of sedentary behaviour interventions for 

improving the cardiometabolic health of office workers. Furthermore, due to the substantial 

increase in studies evaluating sedentary behaviour reduction interventions in recent years, it 

is appropriate to conduct a systematic review of the effects of sedentary behaviour workplace 

interventions on cardiometabolic health based on the larger evidence base that is now 

available. 

 

The active BCTs by which sedentary behaviour reduction workplace interventions work is 

not fully understood. By elucidating these 'observable, replicable and irreducible 
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components’ of behaviour change (Gardner et al., 2016; Martin et al., 2013) used in such 

interventions, researchers may better understand how interventions influence those 

behavioural outcomes (i.e. sitting), which have the potential to improve employee health. As 

one main goal of reducing sedentary behaviour in the workplace is to reduce an employee’s 

risk of developing chronic disease, it is important to identify the components of behaviour 

change interventions that affect behavioural outcomes in order to elicit cardiometabolic risk 

marker improvements. Michie et al. (Michie et al., 2013) developed a reliable, 

comprehensive and theory-based taxonomy of 93 hierarchically clustered BCTs which 

facilitates examination of behaviour change intervention components. These BCTs may be 

tallied and, through the use of frequency ratios, help identify those which appear more 

frequently in effective versus ineffective interventions (Gardner et al., 2016; Martin et al., 

2013). Gardner et al. (Gardner et al., 2016) used this ratio to identify the most commonly 

used BCTs to reduce sedentary behaviour in adults in various settings, including workplaces. 

Their systematic review identified 26 studies describing 38 sedentary behaviour change 

interventions, which were subsequently categorised as very promising, quite promising, or 

non-promising. In a sub-group analysis of workplace interventions (n = 20) Gardner et al. 

(Gardner et al., 2016) found that the BCTs self-monitoring, restructuring the social 

environment, restructuring the physical environment, and adding objects to the environment 

appeared more frequently in promising interventions. However, the review did not evaluate 

the effects of the interventions or the BCTs within them on health outcomes. The ultimate 

aim of any sedentary behaviour intervention would be to improve health and it is thus 

important that the active intervention ingredients that lead to health improvements are 

identified.  
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Previous systematic reviews have identified  the BCTs (active ingredients) that occur in 

interventions that effectively improve weight and body mass index (Dombrowski et al., 2012; 

Martin et al., 2013). It would be beneficial to use such an approach to identify the BCTs in 

workplace interventions that improve cardiometabolic health via changes in sedentary 

behaviour. Furthermore, the number of BCTs used in an intervention could contribute to 

effectiveness (Michie et al., 2009) and should also be considered. In addition, intervention 

fidelity is important to consider when systematically reviewing evidence in order to provide 

context for the role that certain factors (e.g., study design, training of the provider, delivery 

by the provider, receipt of the intervention, and enactment of the behaviour (Bellg et al., 

2004)) play in intervention effectiveness (Murphy & Gutman, 2012). This information can 

then be used to design evaluations of future interventions and to inform occupational health 

intervention strategies to reduce the risk of cardiometabolic disease. However, there are no 

reviews to date that have conducted such an evaluation in workplace sedentary behaviour 

interventions.  

 

The primary aim of this study was, therefore, to systematically review the effects of 

workplace sedentary behaviour interventions on cardiometabolic risk markers in adult 

employees. A secondary aim was to identify and code the BCTs used in sedentary behaviour 

workplace interventions and establish which BCTs are used in interventions that effectively 

improve cardiometabolic risk markers. This will help inform the development of future 

sedentary behaviour workplace interventions to reduce the risk of cardiometabolic disease. 

 

4.3 Methods 

This review follows the Preferred Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) statement (Moher et al., 2010). The review was prospectively registered 
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on PROSPERO (CRD42017072427) and approved by the University of Bedfordshire 

Institute for Sport and Physical Activity Research Ethics Committee (2018ISPAR006; see 

Appendix 3).  

 

4.3.1 Search procedure 

A systematic search was performed to identify articles published up until 12th April 2019. 

Eleven databases were searched: PubMed, Web of Science, Medline, Cochrane Library, 

CINAHL, ScienceDirect, Directory of Open Access Journals, Scopus, PsycARTICLES, 

PsycINFO, and SPORTDiscus. A search string composed of terms relating to the workplace, 

sedentary behaviour, interventions, and cardiometabolic risk markers was used and adapted 

for the various databases (see Table 4.1) (adapted from Neuhaus et al., 2014). The search was 

limited to peer-reviewed journal articles published in English. There were no restrictions on 

publication date. Eligible articles were identified, and their reference lists were hand searched 

for additional articles to be screened. Previous systematic reviews of sedentary behaviour 

interventions in the workplace (Chau et al., 2010; Chu et al., 2016; Gardner et al., 2016; 

MacEwen et al., 2015; Martin et al., 2015; Neuhaus, Eakin, et al., 2014; Prince et al., 2014; 

Shrestha et al., 2016; Tew et al., 2015; Thorndike, 2011; Torbeyns et al., 2014; Tudor-Locke 

et al., 2013) were also cross-checked for relevant studies.  
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Table 4.1. Search terms for the systematic review  

1. Work setting  2a. Sedentary 

behaviour 

2b. Intervention 3. Cardiometabolic 

risk markers 

Workplace OR 

Worksite OR Work 

place OR Work site 

OR Work location 

OR Work setting 

OR Place of work 

OR Employer* OR 

Employee* OR 

Worker* OR Office 

work* OR Office* 

OR Call centre* OR 

Call center* OR 

Computer use* OR 

Occupation OR 

Job* OR Desk OR 

workstation 

Sedentary behaviour 

OR sedentary 

behavior OR sitting 

OR Low energy 

expenditure OR 

Inactiv* OR 

Standing OR Sit-

stand OR Seated  

 

RCT OR Trial* OR 

Intervention* OR 

Program* OR Study 

OR Studies OR 

Random* 

 

Cardiometabolic OR 

Cardiovascular OR 

Metabolic OR 

metabolic syndrome 

OR Hyperglycaemia 

OR Glycaemia OR 

Hyperglycaemia OR 

Glycemia OR 

Lipid* OR 

cholesterol OR 

Triglyceride* OR 

Triacylglycerol OR 

Lipoprotein* OR 

Insulin OR glucose 

OR Blood 

Pressure OR Intima-

Media Thickness 

OR Flow Mediated 

Dilation OR Waist 

OR Weight OR 

Body mass index 

OR BMI OR Body 

fat OR Body 

composition OR 

Anthropometric OR 

Overweight OR 

Obesity OR Fat 

 

Note: Search terms were combined in the following manner for title and abstract search in 

PubMed and adapted to remaining databases: 1 and (2a and 2b) and 3 [adapted from Neuhaus 

et al. (2014)] 

4.3.1.1 Eligibility criteria 

Studies were identified for inclusion based on the population, intervention, comparator, and 

outcome (PICO) method for eligibility. 
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4.3.1.2 Population 

To be eligible for inclusion, studies had to include only adult participants ≥ 18 years who 

spent the majority of their time in desk-based or seated tasks in the workplace. No restrictions 

were placed on health or fitness status.  

 

4.3.1.3 Intervention or exposure 

Any workplace sedentary behaviour reduction intervention that evaluated effects on at least 

one cardiometabolic risk marker was eligible for inclusion. Studies that were of an acute 

nature (i.e. ≤48 h in duration) were excluded as the outcomes would not be comparable to 

interventions that evaluate chronic effects on cardiometabolic outcomes. If reducing 

sedentary behaviour was not a stated aim of the study (for example, if the study’s focus was 

to reduce physical inactivity), but the nature of the intervention reduced sedentary time (e.g. 

installation of treadmill desks) and it reported on a sedentary behaviour outcome such as total 

sedentary time, sedentary bouts, number of breaks from sedentary time, number of sit-stand 

transitions, then the study was considered eligible for inclusion. Interventions that targeted 

physical activity or multiple behaviours (e.g., sedentary behaviour and physical activity; 

sedentary behaviour, physical activity and diet) were included if at some level they had a 

sedentary behaviour reduction component, or they measured sedentary behaviour outcomes. 

 

4.3.1.4 Comparator 

Any type of study design was considered, and a control comparator was not necessary for 

inclusion in this review. Studies with or without the following controls were considered: no 

treatment control groups, waitlist control, normal practice (passive control), and active 

control (e.g., education handout). Study designs eligible for inclusion were randomised 

controlled trials (with or without cross-over), cluster randomised controlled trials (with or 
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without cross-over), quasi-experimental design, cluster controlled trials, stepped wedge 

designs, pre/post intervention designs, pilot studies, and feasibility and acceptability studies.  

 

4.3.1.5 Outcomes 

To be eligible for inclusion, studies had to report on at least one of the following 

cardiometabolic risk marker outcomes: insulin (fasting, insulin sensitivity, or insulin 

resistance), glucose (fasting, continuous or postprandial), triglycerides, HDL cholesterol, 

low-density lipoprotein (LDL) cholesterol, total cholesterol, blood pressure, intima-media 

thickness, flow mediated dilation, and/or body composition measures (e.g. body mass index, 

percent body fat, percent lean muscle mass, weight, waist circumference, waist-to-hip ratio).  

 

4.3.1.6 Exclusion criteria 

Studies were excluded if they recruited participants  working < 0.5 full-time equivalent 

hours; if it was an intervention for transport workers (Shrestha et al., 2016); if it was a 

physical activity, lifestyle, mindfulness or other intervention with no sedentary behaviour 

reduction component; and if the intervention was not carried out in the workplace. 

Interventions in transport workers were excluded as they present unique barriers to reducing 

sedentary behaviour compared with office workers. This could thus be examined in a 

separate review so occupational health interventions can be more appropriately informed for 

each occupation group. 

 

4.3.2 Screening procedure 

Searches were conducted by MB. Results were downloaded into referencing software 

(Endnote X8, Clarivate Analytics, Philadelphia, PA, USA) where duplicates were 

automatically removed. The remaining results were transferred to a spreadsheet (Microsoft 
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Excel 2010, Microsoft Corporation, Redmond, WA, USA) where additional duplicates were 

removed, and the remainder screened for eligibility by two independent reviewers (MB and 

LS). Titles were screened first, then abstracts, then the full text of remaining articles (Mateen 

et al., 2013). Discrepancies were resolved through discussion between the first and second 

reviewer where possible and further disagreements were resolved by consulting a third 

reviewer (DB).  

 

4.3.3 Data extraction 

Study design, methodological, and interventional characteristics of included studies were 

extracted (see Table 4.2). Cardiometabolic risk marker outcomes and total sedentary time at 

work outcomes (when reported) were also extracted. 

 

Intervention details were entered onto the Template for Intervention Description and 

Replication (TIDieR) (Hoffmann et al., 2014). For the remaining data, an extraction file was 

independently and iteratively (MB) developed for information capture using Microsoft Excel 

software. Where necessary, further information regarding intervention components and 

delivery was obtained from trial registries (12 papers), linked articles (9 papers), and 

supplementary online material (10 papers) (Gardner et al., 2016). Contact was also made with 

three study authors where sex information (Mantzari et al., 2019; Tucker et al., 2016), age 

(Mantzari et al., 2019), and full-time status of participants (Bergman et al., 2018) were not 

fully reported. Data was independently extracted by one reviewer (MB) with a second 

reviewer (LS) independently extracting and coding data for 20% of included studies (n = 6). 

Percentage agreement was 99.9% with disagreement resolved through discussion. 
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Table 4.2. Data extracted from eligible studies 

Characteristics Details 

General 

information 

 

Author names, publication year, funding source, country, linked 

papers, supplementary material, clinical trial registration, conflicts of 

interest 

Population Number of participants, sex, age, health status, attrition rates 

 

Intervention  Study design; intervention aim; theory base; number of intervention 

groups; workplace setting; details of control group; sedentary 

behaviour eligibility criteria; intervention duration; time to longest 

follow-up; materials; procedures; provider information; mode of 

delivery; frequency of sessions, delivery schedule, intensity/dose; 

tailoring; modifications; planned and actual adherence/fidelity 

measures (Hoffmann et al., 2014); payments to participants 

Outcomes Cardiometabolic risk markers and workplace sedentary time 

Risk of bias 

 

Data on randomisation, allocation concealment, blinding (participants 

and personnel), blinding (outcome assessment), incomplete outcome 

data, selection reporting, or other bias 

Results Quantitative data for cardiometabolic risk marker and sedentary time 

outcomes 

 

4.3.4 Risk of bias assessment 

Internal validity of individual studies was assessed using the Tool for Assessing Bias from 

the Cochrane Collaboration (Higgins et al., 2011). Each study was given a rating of ‘high’, 

‘low’ or ‘unclear’ for up to seven items: random sequence generation, allocation 

concealment, blinding of participants and personnel, blinding of outcome assessment, 

incomplete outcome data, selective outcome reporting, and outcome-specific evaluations of 

risk of bias. Two separate researchers completed the risk of bias assessment (MB and LS). 

Percentage agreement and interrater agreement (kappa) (Landis & Koch, 1977) were 

calculated (0 - 0.20 = slight agreement, 0.20 - 0.40 = fair agreement, 0.40 - 0.60 = moderate 

agreement, 0.60 - 0.80 = substantial agreement, and >0.80 = nearly perfect agreement). 
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4.4 Synthesis of data 

There was large heterogeneity across sedentary behaviour workplace interventions employed, 

study designs, and the cardiometabolic risk marker outcomes reported. Thus, a meta-analysis 

was not appropriate and a narrative review and classification system with respect to apparent 

potential to improve cardiometabolic risk was used. 

 

4.4.1 Intervention effects on cardiometabolic risk markers 

In order to facilitate BCT comparison with a past review focusing on the effects of sedentary 

behaviour interventions on sedentary behaviour outcomes (Gardner et al., 2016), 

interventions were categorised as very promising, quite promising or non-promising with 

regards to significant cardiometabolic risk marker improvements. A very promising 

intervention must have reported a significant improvement (p < 0.05) for at least one 

cardiometabolic risk marker compared to baseline and a comparison arm at the last follow-up 

time point, which was post-intervention for all but five studies that reported follow-up time 

points from two weeks post intervention (21-week follow-up) (Puig-Ribera et al., 2015), to 

nine months post-intervention (12-month follow-up) (Healy et al., 2017; Lin et al., 2017), to 

one year post-intervention (18-month follow-up) (Verweij et al., 2012), to 14 months post-

intervention (18-month follow-up) (Zhu et al., 2018). To be classed as quite promising, an 

intervention must have reported significant improvement (p < 0.05) on at least one 

cardiometabolic risk marker compared to baseline or compared to a comparison arm. Non-

promising interventions reported no improvement in any cardiometabolic risk marker 

outcome. As reported by Gardner et al. (Gardner et al., 2016) this classification system 

ensures that interventions showing any promise of changing cardiometabolic risk were coded 

as such, and that interventions demonstrating the strongest evidence of promise were 

distinguished from interventions that showed lesser evidence. 
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In order to determine whether target behaviour played a role in cardiometabolic risk marker 

improvement, a chi-square test of goodness-of-fit was computed (alpha level set at p < 0.05) 

to determine if the prevalence of very, quite or non-promising interventions was dependent 

on the primary behaviour being changed (sedentary behaviour; physical activity; sedentary 

behaviour and physical activity; or sedentary behaviour, physical activity and diet).  

 

4.4.2 Sedentary behaviour outcomes 

Sedentary behaviour outcomes for each study were recorded and presented narratively to 

contextualise the interpretation of cardiometabolic risk marker and BCT outcomes. 

 

4.4.3 Behaviour change techniques 

The BCT taxonomy (v1) (Michie et al., 2013) was used to code the sedentary behaviour 

workplace interventions. The coders (MC and AC) were familiar with the BCT Taxonomy 

and both had been trained through the BCT Taxonomy online training, with the senior coder 

(AC) trained through the original BCT Taxonomy project (C. E. Wood et al., 2014). Both 

coders have been involved in previous systematic reviews applying the BCT Taxonomy 

(Howlett et al., 2019; Martin et al., 2013). All interventions (including active control 

comparison groups receiving BCTs) were independently coded for BCTs by MB and AC 

using the main article for each intervention as well as all related (published) material 

including additional articles describing the same study, protocol papers, clinical trial 

registries, and supplemental material (Gardner et al., 2016; Howlett et al., 2019; Martin et al., 

2013). Percentage agreement and interrater agreement (kappa) (Landis & Koch, 1977) were 

calculated. Disagreements were resolved through discussion between the two coders. Data 

collection methods, which could also have been deemed BCTs (e.g., accelerometers), were 
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coded separately unless they were explicitly reported in the paper to have been used with the 

intention to change behaviour. A total of 30 interventions and ten active controls were coded. 

Inter-rater agreement was 99.6% and inter-rater reliability was very high (kappa = 0.97).  

 

Frequency data for BCTs across all interventions (promising and non-promising) was 

computed. A one-way ANOVA was conducted to compare the number of BCTs used in very 

promising, quite promising, and non-promising interventions (when excluding active controls 

and when including active controls). A t-test was conducted to compare the number of BCTs 

used in all (very and quite) promising interventions versus non-promising interventions 

(when excluding active controls and when including active controls). 

 

4.4.4 Promise ratios 

The promise ratio gives an indication of the contribution of specific BCTs towards 

intervention effectiveness (Gardner et al., 2016; Martin et al., 2013). The promise ratio was 

calculated as the frequency of all (very or quite) promising interventions in which a BCT was 

present divided by the frequency of its appearance in non-promising interventions (active 

controls included). A second ratio was calculated without the BCTs from active controls. A 

promise ratio of ≥ 2.0 was considered to be an effective BCT (Gardner et al., 2016). 

 

4.5 Results  

4.5.1 Article selection 

Database searching returned 5019 results. After removing duplicates and screening for 

inclusion criteria, 69 articles were full-text screened. Twenty-seven articles were identified as 

eligible for inclusion plus two articles identified from hand searches after checking the 
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references of included papers. A total of 29 articles describing 30 interventions were included 

in this review (see Figure 4.1). 
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Figure 4.1. PRISMA flow diagram of the article selection process 
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4.5.2 Study characteristics 

All studies were in office settings such as university offices (n = 9), private companies (n = 

9), public sector offices (n = 4), health care settings (n = 3), a mixture of private and state run 

companies (n=1), a mixture of university and private companies (n=1), a mixture of 

healthcare settings and private companies (n=1), and various unspecified employers (n=1).  

(see Table 4.3). Studies were conducted in 13 different countries: Australia, Canada, 

Denmark, Greenland, Japan, the Netherlands, Singapore, South Africa, Spain, Sweden, 

Taiwan, the UK and the USA. Intervention length varied from two weeks to 13 months 

(mode = 12 weeks). Five studies reported follow-up data ranging from two weeks (Puig-

Ribera et al., 2015), to nine months (Healy et al., 2017; Lin et al., 2017), to one year (Verweij 

et al., 2012), to 14 months post-intervention (Zhu et al., 2018). 
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Table 4.3. Study characteristics, cardiometabolic risk marker results and significant sedentary behaviour outcomes (from baseline to longest 

timepoint reported)  

 

Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Alkhajah et 

al. (2012) 

Australia 

Quasi-experi-

mental 2-arm, 

non-random-

ised design 

29F 3M 

All: 20-65 

I: 33.5 ± 8.7  

C: 39.9 ± 7.2  

Healthy 

I: Sit-stand desks 

 

C: Normal work 

practices 

3 mo  

(no follow-up) 
BMI 

Fat-free mass 

Fat mass 

HC 

HDL  

Plasma glucose 

Total cholesterol 

Trigly-cerides 

WC 

WT 

  

Total workplace sedentary time 

reduction of -137 min/day (95% 

CI: 179, 95) p< 0.001, versus 

comparison group.   

 

-125min/day (95% CI: 150, 99) 

p<0.05, intervention group pre-

post. 

Bergman et 

al. (2018) 

Sweden 

Stratified 

RCT 

44F 36M  

All: NR  

I: 52.4 ± 6.8  

C: 50.3 ± 6.7  

Overweight or 

obese 

I: Treadmill desk 

installed under their 

normal sit-stand 

desk, 4 booster 

emails 

  

C: Normal work 

practices (using a sit-

stand desk) 

13 mo  

(no follow-up) 

↔WT ↔BMI 

↔WC ↔HC ↔SBP 

↔DBP ↔RHR 

↔Fat mass ↔Lean 

mass ↔HbA1c 

↔Fasting glucose 

↔Fasting insulin 

↔Trigly-cerides  

↔Total cholesterol 

The intervention group decreased 

their workplace sitting time [-4 

mins (95% CI: 21,13)] compared 

to control [35 mins (95% CI: 

19,52)], p < 0.0001. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Bouchard et 

al. (2016) 

Canada 

Pre-post 

design 

20F 2M 

All: 51.2 ± 10.4 

I & C: N/A 

Any health status 

I: Shared treadmill 

desk, pedometer 

 

No control group 

3 mo 

(no follow-up) 
BMI 

DBP  

RHR 

SBP  

WT  

20.1% reduction in workday 

sedentary time from baseline, 

[1267 min (95% CI: 1189, 

1286)], to intervention end [1013 

min (95% CI: 908, 1053)]. 

d=2.19, p=0.007, pre-post. 

Carr et al. 

(2013)  

United 

States 

RCT 36F 4M 

All: 44.7 ± 9.6 

I: 42.6 ± 8.9 

C: 47.6 ± 9.9  

Healthy, inactive, 

overweight (must 

be all 3) 

I: Desk pedal device, 

website  

 

C: Waitlist control, 

normal work 

practices 

12 wk 

(no follow-up) 
BMI 

DBP 

HDL 

LDL  

SBP (Intervention 

group pre-post) 

Total cholesterol 

Trigly-cerides 

WC (compared to 

control, but not 

compared to 

baseline) 

WT 

  

Total daily sedentary time 

reduction of −58.7 min/day (95% 

CI: −118.4, 0.99), p<0.01, 

compared to control. 

Carr et al. 

(2016) 

United 

States 

2-group RCT 38F 16M  

All: NR  

I (HP/HP): 45.2 ± 

10.9  

AC (HPO): 45 ± 

10.7  

Healthy, 

overweight/ 

obese 

I: (HP/HP) 

ergonomics 

consultation, 

elliptical pedal 

device, iPod/app, 

emails, GENEactiv 

ankle accelerometer, 

pedal goal sheet 

 

AC: (HPO) 

ergonomics 

consultation, e-mails 

16 wk 

(no follow-up) 
BMI 

DBP 

Fat mass  

Lean mass  

RHR 

SBP 

WC  

WT   

No intervention effect for % of 

work time spent sedentary. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Chia et al. 

(2016) 

Singapore 

2-group 

crossover 

RCT 

11F 10M  

All: 48 ± 12.4  

I (S-C): NR  

C (O-C): NR  

Healthy 

I: Seat-cycle (S-C) 

 

C: Normal work 

conditions with an 

office chair (O-C) 

4 wk 

(no follow-up) 
Body mass 

BMI  

DBP 

RHR 

SBP (Intervention 

group pre-post) 

Waist-to-hip ratio  

Sedentary time not reported as 

outcome. Participants spent on 

average 5.79±1.51 hours sitting 

in the office (0900-1700hrs) and 

used the seat-cycle for an 

average of 22.8 minutes daily at 

work. 

Danquah et 

al. (2017) 

Denmark & 

Green-land 

Cluster RCT 210F 107M  

All: 46 ± 10  

I: 46 ± 10  

C: 45 ± 11  

Healthy 

I: Lecture, workshop, 

emails, text 

messages, high 

meeting tables, 

walking routes 

provided, posters, 

leaflets, webpage, 

postcard and sticky 

notes for goals, 

manager 

ambassadors 

 

C: Normal work 

practices 

3 mo 

(no follow-up) 

↓BF%  

BMI  

WC  

WT  

Fat-free mass 

Fat mass  

  

-48 min/8-h workday (95% CI: -

62, -34), p < 0.001, reduction in  

sedentary time compared to 

control. 

 

Time accumulated in prolonged 

sitting periods was reduced by 16 

min/8-h workday at 3 mo 

(95% CI: -31,-0.66; p = 0.04). 

 

 

Dunning et 

al. (2018) 

South Africa 

Repeated 

measures 

RCT 

12F 9M  

All: 27.5 ± 5.7 

I: NR  

C: NR  

Healthy 

I: Text message 

prompts to interrupt 

sitting  

 

C: Normal work 

practices 

10 wk  

(no follow-up) 

↔WT ↔BMI 

↔BF% ↔SBP 

↔DBP ↔Fasting 

glucose ↔Fasting 

insulin ↔HOMA-IR  

↔Trigly-cerides 

↔Total cholesterol 

↔HDL ↔LDL  

No intervention effect for 

amount of work time spent 

sitting. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Garland et 

al. (2018) 

United 

States 

Cluster RCT 27F 40M 

All: NR 

I: NR  

AC: NR 

Apparently healthy 

I: Education session, 

ergonomics training, 

sit-stand desks  

 

AC: Normal work 

practices and 

education session 

12 mo  

(no follow-up) 

↔BMI The intervention group’s sitting 

time was 16 percent less 

(p<0.05) than baseline at 12 mo, 

but no between group differences 

were found. 

Gorman et 

al. (2013) 

Canada 

Pre-post 

design 

18F 6M  

All: 34.5 ± 8.1  

I & C: N/A  

Any health status 

I: Activity 

permissive building: 

activity-encouraging 

spaces and stairways, 

active commuting 

facilities, sit-stand 

desks (faculty only) 

& café-style meeting 

rooms with standing 

tables, centralised 

supplies/ 

printing, office 

layout to encourage 

stair use  

 

No control group 

4 mo average; 3-

6 mo range 

(no follow-up) 

BF% 

HDL 

Insulin  

Plasma glucose  

Trigly-cerides 

WT 

 

 

No change in sitting time.  

 

 

Graves et al. 

(2015)  

United 

Kingdom 

2-arm, 

parallel 

group, 

individual 

RCT 

37F 10M  

All: 38.6 ± 9.5  

I: 38.8 ± 9.8  

C: 38.4 ± 9.3  

Healthy 

I: Sit-stand desks, 

ecological 

momentary 

assessment diary.  

 

C: Normal work 

practices 

8 wk 

(no follow-up) 
BMI 

Body mass  

cIMT  

DBP  

FMD 

Plasma glucose 

Significant decrease in sitting 

time [−80.2 min/8-h workday 

(95% CI: −129.0, −31.4); p = 

0.002], compared to control.  
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

SBP 

↓Total cholesterol  

Trigly-cerides   
Healy et al. 

(2013) 

Australia 

Conven-ience 

clusters; 2-

arm (non-

randomised) 

24F 19M  

All: 43.2 ± 10.3  

I: 42.4 ± 10.6  

C: 42.9 ± 10.3  

Healthy, 

ambulatory,  

no pre-existing  

musculoskeletal 

disorders 

I: Team champion & 

management support; 

sit-stand 

workstations; health 

coaching, goal 

setting, tracking, 

focus groups 

 

C: Normal work 

practices 

4 wk 

(no follow-up) 
DBP 

Fat-free mass  

Fat mass 

HC 

HDL 

Insulin 

LDL 

↓Plasma glucose 

(Intervention group 

pre-post) 

SBP 

Total cholesterol 

Trigly-cerides  

WC 

WT   

Intervention group significantly 

reduced workplace sitting time 

compared to control [−125 (95% 

CI: −161, −89) min/8-h workday; 

p < 0.001].  

 

Reduction in prolonged sitting 

time compared to control [−73 

(95% CI: −108, −40) min/8-h 

workday; p < 0.001]. 

Healy et al. 

(2017) 

Australia 

2-arm cluster 

RCT 

158F 73M  

All: 45.6 ± 9.4  

I: 44.6 ± 9.1  

AC: 47 ± 9.7  

Healthy, 

obese/over-weight,  

self-report 

diagnosed diabetes 

(11.7%) 

I: Team champion & 

management support; 

sit-stand 

workstations; health 

coaching, goal 

setting, tracking, 

focus groups 

 

AC: Normal work 

practices but 

received written 

feedback on activity 

& biomarkers at 3 & 

12 mo.  

3 mo 

(12 mo) 
BF% 

BMI 

↓Clustered CM risk 

score  

DBP 

Fat-free mass  

Fat mass 

HC 

HDL 

 HOMA2-%B  

↓HOMA2-%S  

Insulin 

LDL 

↓Plasma glucose  

SBP 

Total cholesterol  

Trigly-cerides  

WC 

Significant reduction in sitting 

time [-99.1 min/ 8-hr workday 

(95% CI: -116.3, -81.8); p < 

0.001] compared to control.  

 

 

Participants sat for significantly 

shorter periods at a time than 

controls [-4.4 min/8-hr workday 

(95% CI: -7.0, -1.8); p < 0.001]. 

 

Prolonged sitting time at work 

was lower compared to controls 

[-72.6 min/8-hr workday (95% 

CI: -93.8, -51.4); p < 0.001]. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

WT  

 

 

NOTE: Long-term 

significant 

intervention effects 

were due to control 

group worsening. 

John et al. 

(2011) 

United 

States 

Pre-post 

design 

7F 5M  

All: 46.2 ± 9.2  

I & C: N/A 

Overweight/ 

obese 

I: Treadmill 

workstation 

 

No control group 

9 mo 

(no follow-up) 
BF% 

BMI 

DBP 

Fat-free mass  

Fat mass 

↓HbA1c  

↓HC 

HDL 

Insulin 

LDL 

Plasma glucose 

RHR 

SBP 

Total cholesterol 

Trigly-cerides 

Truncal fat mass 

VLDL 

↓WC 

WT  

Significant decrease in median 

time spent sedentary 

(sitting/lying) over the entire day 

[1238 (interquartile range: 128) 

min/day to 1150 (interquartile 

range: 87) min/day, p < 0.05], 

pre-post.  

 

 

Koepp et al. 

(2013) 

United 

States 

Prospect-ive 

trial, 

pre-post 

design 

25F 11M  

All: 42 ± 9.9  

I & C: N/A  

Any health status 

I: Sit-stand 

individual treadmill 

desk 

 

12 mo 

(no follow-up) 
BF% 

BMI 

DBP 

HbA1c 

Significant decrease in daily 

sedentary time by -43 (SD: 67) 

min/day (p < 0.001) from 

baseline to 12 mo; p < 0.001.  
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

No control group ↓HDL 

Insulin 

Fat mass  

Fat-free mass 

LDL  

Plasma glucose 

↓SBP 

Total cholesterol 

Trigly-cerides  

↓WC 

↓WT 

Lin et al. 

(2017) 

Taiwan 

Quasi-experi-

mental 

pretest-

posttest 

compar-ison 

group design 

52F 47M  

All: 49.5 ± NR  

I: 52.1 ± 6.57  

AC: 46.8 ± 9.75  

Any health status 

I: Focus group, 

research liaisons, 

competitive teams, 

education via 

monthly management 

support emails, 

remuneration for 

participation, 

pedometer challenge, 

environmental 

prompts, 

motivational tools, 

walking route & 

resources 

 

AC: Normal work 

practices and 

monthly newsletters 

12 wk 

(12 mo) 
BMI 

DBP 

HDL 

↓Insulin 

LDL 

Plasma glucose 

SBP 

Total cholesterol 

Trigly-cer-ides  

↓WC 

↓WT  

  

For OSPAQ outcomes, no 

differences were observed 

between the two groups at 

follow-up.  

 

The intervention 

group showed significant 

improvements in occupational 

sitting from baseline [7.79 

hours/day (standard error: 6.70)] 

to 12 months [7.41 hours/day 

(standard error: 6.70)], p < 0.041. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

MacEwen et 

al. (2017) 

Canada 

RCT 23F 5M  

All: NR  

I: 43.2 ± 9.7, C: 

48.9 ± 11.4, 

Workers with 

abdominal obesity, 

excluding those on 

glucose-lowering 

medication 

I: Sit-stand desks  

 

C: Normal work 

practices  

3 mo (no follow-

up) 

↔WT ↔BMI 

↔WC ↔BF% 

↔SBP ↔DBP 

↔Trigly-cerides 

↔Total cholesterol 

↔LDL ↔Non-LDL 

↔HDL ↔LDL/ 

HDL  

↔Fasting glucose 

↔HbA1c 

Intervention group reduced 

workday sitting time (344 ± 107 

to 186 ± 101 min/day) and 

increased workday standing time 

(154 ± 108 to 301 ± 101 

min/day) (all p < .05) compared 

to control. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Mailey et al. 

(2016)  

United 

States 

Parallel group 

random-ised 

trial 

49F 0M  

All: 38.71 ± 8.19  

I1 (SB): 38.50 ± 

8.67  

I2 (LB): 38.92 ± 

7.88  

Healthy, 

overweight/obese 

I1: SB coaching 

phone call, list of 

computer/ 

apps to break 

sedentary time, 

orientation session, 

planning worksheet, 

emails, break log 

 

I2: LB coaching 

phone call, list of 

computer/ 

apps to break 

sedentary time, 

orientation session, 

planning worksheet, 

emails, break log 

8 wk 

(no follow-up) 
BMI 

DBP 

↓Plasma glucose (SB 

group compared to 

baseline) 

SBP 

Total cholesterol 

Triglycer-ides  

WC 

WT  

 

Significant group by time 

interaction for average minutes 

of sedentary time during the 

workday [p = 0.05, η2 = 0.11]. 

Sedentary time during the 

workday decreased significantly 

in the SB group (−35.6 min, d = 

−0.75, p = 0.03) but did not 

change in the LB group (+4.5 

min, d = 0.12).  
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Mains-

bridge et al. 

(2014) 

Australia 

RCT 24F 5M  

All: NR  

I: 36.73 ± 12.38  

AC: 42.28 ± 9.59  

Healthy 

I: Education session, 

Exertime, phone 

interviews 

 

AC: Education 

session, normal work 

practices 

13 wk 

(no follow-up) 
DBP 

↓MAP  

SBP  

Sitting time not measured as an 

outcome. Intervention 

participants broke up their 

workplace sitting on average 

6.28±3.59 times per day. 

 

Mains-

bridge et al. 

(2018) 

Australia 

Interrupted 

time series 

cohort 

195F 33M  

All: N/A  

I: 45.1 ± 10.5  

C: N/A  

No health 

restrictions 

(included those 

with clinically 

elevated blood 

pressure) 

I: Education session,  

e-health software 

(Exertime) to 

interrupt sitting with 

non-exercise physical 

activity, data 

collection reminder 

emails every 13 

weeks    

 

No control group 

12 mo (no 

follow-up) 

↔WT ↔BMI 

↔SBP ↓DBP ↓MAP 

Sitting time not measured as an 

outcome. Intervention 

participants broke up their 

workplace sitting on average 

5.5±2.0 times/workday in the 

first 3 months which decreased to 

4.2±2.5 times per day by month 

12 (P<0.05 for all time points 

compared with 3 months). 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Malaeb et al. 

(2019) 

United 

States 

Prospective 

cohort within-

subjects 

crossover 

design 

17F 2M  

All: 47.2 

I(PROMPT):NR 

C(CON):NR 

Apparently healthy 

(controlled chronic 

illness allowed) 

I: Treadmill desk  

 

C: Normal work 

conditions  

2 wk (no follow-

up) 

↔WT ↔BMI  

↓Fat mass ↑Lean 

mass ↔BF%  

Sitting time not measured as an 

outcome. Participants had to 

achieve ≥1,500 minutes of 

treadmill usage per 2-week 

period (i.e., 2.5 hours/working 

day) by self-report to be included 

in final analysis. 

Mantzari et 

al. (2019) 

United 

Kingdom 

Feasibility 

RCT 

11F 9M  

All:40.6 ± 13.3  

I:39.6 ± 16.1, 

AC:41.6 ± 10.6 

Apparently healthy 

I: Sit-stand desks, 

demonstration, 

leaflet  

 

AC: Usual routine, 

verbal information 

on health 

consequences, tips to 

reduce prolonged 

sitting 

3 mo (no follow-

up) 

↔SBP ↔DBP 

↔RHR ↔WC 

↔HC  

↔WT ↔BMI 

↔BF% ↔HbA1c 

↔Total cholesterol 

↔HDL ↔LDL 

↔Trigly-cerides 

NOTE: Blood-

related outcomes 

were assessed in 10 

participants in total 

(5 in the intervention 

and 5 in the control 

group). 

Reduced sitting time at work [-

94 min/8-h workday (95% CI: 

−170.7, −17.7)] compared to 

control. 

Maylor et al. 

(2018) 

United 

Kingdom 

Two-arm 

cluster RCT 

51F 38M  

I: All: 43.4 ± 2.5  

I: 43.0 ± 3.7  

C: 43.7 ± 4.0 

Apparently healthy 

I: Educational 

Presentation and 

Brainstorming 

Session; step 

challenge; Health 

Check Report and 

Individual Meetings; 

goodie bag with 

leaflet, facts sheet, 

information card, 

sticky notes 

reminders, prompt 

card; computer 

prompts, weekly 5-

10min telephone 

8 wk (no follow-

up) 

↔WT ↔BMI ↓WC 

↔BF% ↑Fat-free 

mass  

↓SBP ↔DBP ↓MAP 

↔Total cholesterol 

↔HDL ↔Total 

cholesterol/HDL 

Reduction in workplace 

prolonged sitting time (-39 

min/shift) at follow-up in favour 

of the intervention group 

(P<0.001). No change in total 

workplace sitting time.  
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

support, work 

environment 

modifications (e.g. 

move bins further 

away)  

 

C: Normal work 

routine 

Miyachi et 

al. (2015) 

Japan 

Random-ised 

crossover trial 

22F 10M  

All: 44.2 ± 8.6  

I (Group A): 44.4 

± 6.9 

I (Group B): 44.0 ± 

10.2  

Any health status  

I: Standing hot desks, 

diary log of standing 

work (groups A & B) 

6 wk 

(no follow-up) 
BMI 

↓WC  

WT 

Sitting time not measured as an 

outcome. Group A and B 

replaced occupational sitting 

with standing 9.9 ± 0.9 and 9.6 ± 

1.7 hrs/week, respectively. 

Puig-Ribera 

et al. (2015) 

Spain 

Cluster, 

quasi-experi-

mental 

pretest-

posttest 

compar-ison 

group design 

171F 93M  

All: 42 ± 10  

I: NR  

C: NR  

Healthy but  

low-moderate PA 

levels (0 to 3,000 

MET·min·wk-1) 

I: Walk at Work 

automated internet-

delivered 

intervention 

pedometer, paper 

diary 

 

C: Normal work 

practices 

19 wk (8 wk 

ramping phase, 

9-19 main-

tenance phase) 

(21 wk) 

BMI 

DBP WC  

WT 

SBP  

A significant 2 (group) × 2 

(programme phases) interaction 

was found for self-reported 

occupational sitting (p = 0.046) 

(including follow-up). 

Significant differences between 

groups were found for changes in 

self-reported occupational 

sitting time [-22 (SD: 11) 

min/day; p < 0.005] with 

occupational sitting time 

decreasing from 446.4 (SD: 

126.7) min/day to 422.9 (SD: 

123.4) min/day at the 

maintenance phase. There was no 

difference in sitting time between 

intervention and control groups 

at two months follow-up.  
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Schuna et al. 

(Schuna et 

al., 2014) 

United 

States 

2-arm RCT  40F 1M  

All: 40.1 ± 10.1  

I: 40.0 ± 9.5  

C: 40.3 ± 10.9 

Overweight/ 

obese workers but 

otherwise 

apparently healthy 

I: Treadmill 

workstation, 

electronic survey to 

record use/speed, 

behavioural support 

strategies (email, 

phone, face-to-face) 

 

C: Normal work 

practices 

3 mo 

(no follow-up) 
BF% 

BMI 

Body mass   

Compared to the control group, 

the intervention group decreased 

sedentary time (-3.6 min/h, p = 

0.047) during working hours. 

The intervention group reduced 

sedentary time by -2.4 min/h 

(95% CI: -5.0, 0.2) compared to 

baseline (p value not reported), 

with no decrease in control group 

sedentary time. 

Tucker et al. 

(2016) 

United 

States 

Repeated 

measures 

design  

40F 0M  

All: NR  

I (ET): 43.0 ± 12.4  

I (DT): 42.2 ± 12.0 

Apparently healthy 

(controlled chronic 

illness allowed) 

I: Participants 

selected from a menu 

of options to reduce 

sedentary time at 

work by 30mins/day: 

treadmill 

workstation, Wii 

video game system, 

'WellMe in 3' video 

clips (showing 3min 

exercises), stair 

climbing, walking 

meetings. two-way 

text messages 

(1-2/day) (ET and 

DT groups). 

6 mo  

(no follow-up) 
BF% 

↓BMI 

Fat mass  

↓Total lean mass  

↓WT  

 

 

NOTE: Results are 

for combined ET & 

DT results at 6 mo 

compared to baseline 

Percentage time in sedentary 

activity decreased by - 3.3% 

(SD: 4.6, p < 0.01) for the early 

texting group. No changes for the 

delayed texting group. When the 

groups were combined, 

percentage time change in 

sedentary activity from baseline 

(90.4% ± 5.2) to 6 mo (88.0% ± 

6.6) was significant (p = 0.01).  

 

NOTE: It was not stated whether 

sedentary activity measures were 

for at work times only or the 

entire day. 
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Study 

Country 

Study design Participants 

(n/sex); age (y) 

[mean ± SD, or 

range]; group; 

health status 

Intervention Active interven-

tion duration 

(longest follow-

up) 

Cardio-metabolic 

risk marker effects  

Sedentary behaviour effects 

Verweij et 

al. (2012) 

Netherlands 

RCT parallel 

group, single 

blinded  

193F 330M  

All: 47 ± 8  

I: 46 ± 8  

AC: 48 ± 9  

Healthy, 

obese/over-weight, 

does not meet PA 

guidelines (had to 

meet all 3 

conditions) 

I: Motivational 

interviewing, toolkit 

(measuring tape, 

pedometer, leaflets 

on physical activity 

and nutrition, 

behaviour diary), 

obesogenic 

environment 

checklist 

 

AC: Care as usual; 

health risk appraisal, 

anthropometric 

measurements, health 

advice. 

6 mo 

(18 mo) 
BMI 

DBP 

SBP 

Total cholesterol 

WC 

WT  

The intervention had a 

significant effect on self-reported 

sedentary behaviour weekday 

work days compared to control 

[β: -28 min/day (95% Cl: -2, -

54), p < 0.05. NOTE: The 

occupational sitting 

questionnaire used had not yet 

been tested for validity. 

Zhu et al. 

(2018) 

United 

States 

Two-arm, 

natural 

experiment 

(non RCT) 

27F 9M  

All: 39.1 ± 11.3  I: 

41.3 ± 11.6  AC: 

34.8 ± 9.9 

Apparently healthy 

I: Personal sit-stand 

workstations, 

common area 

treadmill desks, 

initial management 

email letter of 

support, flyers,  

weekly 'stand & 

move' e-newsletters 

for 4 months.  

 

AC: weekly 'energize 

your workday' e-

newsletters for 4 

months. 

4 mo  

(18 mo) 

↓WT ↓Insulin ↓total 

cholesterol ↓LDL 

↔HDL ↔BMI 

↔SBP ↔DBP 

↔Plasma glucose 

↔Trigly-cerides 

Total sitting time reduced 

52.6±68.3 min/8-h workday; d = 

-0.77), total standing time 

increased (17.7±54.8 min/8-h 

workday, d = 0.32), prolonged 

sitting (≥30 min/8 h workday) 

reduced (data NR) compared to 

control. 
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Abbreviations: AC = active control group, AUC =area under the curve, BF% = body fat percentage, BMI = body mass index, C = control group, 

CI = confidence interval, cIMT =carotid intima-media thickness, CM = cardiometabolic, DBP = diastolic blood pressure, DT = delayed texting, 

ET = early texting, F = female, FMD = flow mediated dilation, HbA1c = glycosylated haemoglobin, HC = hip circumference, HDL = high 

density lipoprotein cholesterol, HOMA2 = homeostatic modelling assessment version 2 (-%B for insulin output and -%S for insulin sensitivity), 

HP/HP = health protection/health promotion, HPO = health protection only, I = intervention group, LB = long break, LDL = low density 

lipoprotein cholesterol, M = male, MAP = mean arterial pressure, MET = metabolic equivalent of task, MIN = minutes, N/A = not applicable, 

NR = not reported, O-C = office chair, OSPAQ = Occupational Sitting and Physical Activity Questionnaire (Chau, Der Ploeg Van, et al., 2012), 

PA = physical activity, RCT = randomised controlled trial, RHR = resting heart rate, SB = short break, SBP = systolic blood pressure, S-C = 

seat-cycle, VLDL = very low density lipoprotein cholesterol, WC = waist circumference, WT = weight,  no change, ↓ significant decrease,  

significant increase
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4.5.3 Sample characteristics 

A total of 2,544 participants were included with the median number of participants across 

studies being 40 (interquartile range = 28, range 12-523) (see Table 4.3). Women (n = 1,611) 

represented 63% of participants. For the majority of studies, an apparently healthy population 

was recruited. A third of studies (n = 9) specifically recruited overweight/obese participants. 

Reported occupations of participants included: clerical work, customer service, 

administrative work, IT help-desk work, knowledge-based work, and screen-based work 

(Pronk et al., 2012). 

 

Fifteen studies reported explicit sedentary behaviour inclusion criteria for participants, which 

included definitions of sedentary behaviour at work being based on physical activity levels 

(<3,000 MET minutes/week (Puig-Ribera et al., 2015)), job role ("office workers with 

sedentary occupations that involve sitting most of the time" (Lin et al., 2017)), self-reported 

daily sitting (“self-reported sitting ≥75% of workday” (Carr, Leonhard, et al., 2016)), and 

environmentally-defined behaviour (office workers “who used a nonadjustable work surface 

and desktop computer " (Alkhajah et al., 2012)).  

 

4.5.4 Methodological characteristics 

Interventions targeted a range of levels from the socio-ecological model (Sallis et al., 1998), 

which includes addressing behaviour change at the individual, organisational or 

environmental level (see Table 4.3). Nearly half of included interventions (n = 14) targeted 

two or more levels (Bergman et al., 2018; Bouchard et al., 2016; Carr, Leonhard, et al., 2016; 

Garland et al., 2018; Gorman et al., 2013; Healy et al., 2017; Lin et al., 2017; Mailey et al., 

2016; Mantzari et al., 2019; Maylor et al., 2018; Puig-Ribera et al., 2015; Tucker et al., 2016; 
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Verweij et al., 2012; Zhu et al., 2018). Twenty-four interventions (Alkhajah et al., 2012; 

Bergman et al., 2018; Bouchard et al., 2016; Carr et al., 2013; Carr, Leonhard, et al., 2016; 

Chia et al., 2016; Danquah et al., 2017; Garland et al., 2018; Gorman et al., 2013; Graves et 

al., 2015; Healy et al., 2013, 2017; John et al., 2011; Koepp et al., 2013; Lin et al., 2017; 

MacEwen et al., 2017; Mailey et al., 2016; Malaeb et al., 2019; Mantzari et al., 2019; Maylor 

et al., 2018; Schuna et al., 2014; Tucker et al., 2016; Verweij et al., 2012; Zhu et al., 2018) 

incorporated some element of environmental change (e.g., active workstations, activity-

permissive buildings). Eighteen interventions (Bergman et al., 2018; Bouchard et al., 2016; 

Carr, Leonhard, et al., 2016; Dunning et al., 2018; Garland et al., 2018; Gorman et al., 2013; 

Healy et al., 2017; Lin et al., 2017; Mailey et al., 2016; Mainsbridge et al., 2018, 2014; 

Mantzari et al., 2019; Maylor et al., 2018; Miyachi et al., 2015; Puig-Ribera et al., 2015; 

Tucker et al., 2016; Verweij et al., 2012; Zhu et al., 2018) had an individual/educational 

element (e.g., newsletters, behavioural support strategies) and seven interventions (Bergman 

et al., 2018; Bouchard et al., 2016; Healy et al., 2017; Lin et al., 2017; Mailey et al., 2016; 

Puig-Ribera et al., 2015; Zhu et al., 2018) contained an organisational/social element (e.g., 

team champions, management support). A theoretical framework was explicitly stated in 

33% of interventions (n = 10) (Appendix 4) (or see Electronic Supplementary Table S1 in 

Brierley et al., 2019) (Bergman et al., 2018; Bouchard et al., 2016; Carr, Swift, et al., 2016; 

Dunning et al., 2018; Gorman et al., 2013; Healy et al., 2017; Lin et al., 2017; Mailey et al., 

2016; Maylor et al., 2018; Verweij et al., 2012).  

 

According to their stated aim, interventions reported targeting one or more health behaviours 

including sedentary behaviour (Alkhajah et al., 2012; Bouchard et al., 2016; Carr et al., 2013; 

Chia et al., 2016; Danquah et al., 2017; Dunning et al., 2018; Garland et al., 2018; Gorman et 

al., 2013; Graves et al., 2015; Healy et al., 2017, 2013; MacEwen et al., 2017; Mailey et al., 
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2016; Mantzari et al., 2019; Maylor et al., 2018; Zhu et al., 2018); physical activity (Carr, 

Leonhard, et al., 2016; Malaeb et al., 2019; Tucker et al., 2016); sedentary behaviour and 

physical activity (John et al., 2011; Koepp et al., 2013; Lin et al., 2017; Mainsbridge et al., 

2014, 2018; Miyachi et al., 2015; Puig-Ribera et al., 2015; Schuna et al., 2014); or sedentary 

behaviour, physical activity and diet (Bergman et al., 2018; Verweij et al., 2012).  

 

4.5.5 Fidelity 

Fidelity to the intervention was not consistently planned across interventions with only 43% 

reporting it (n = 13 of 30) (Appendix 4) (or see item 11 in Electronic Supplementary Table 

S1 in Brierley et al., 2019). Most treatment groups (80%, n = 24) provided intervention 

tailoring (Appendix 4) (or see item 9 in Electronic Supplementary Table S1 in Brierley et al., 

2019). Common adaptations were counselling topics, use of personalised goal setting, self-

selected activities, self-determined frequency of engagement, and personalised 

communications. Though fidelity assessments may have been planned, only 37% of 

interventions (n = 11) reported on them (Appendix 4) (or see item 12 in Electronic 

Supplementary Table S1 in Brierley et al., 2019). 

 

4.5.6 Risk of bias 

Risk of bias for individual studies is presented in Table 4.4. Percentage agreement between 

reviewers (MB, LS) was 90% (kappa = 0.73). Over two thirds of studies (69%, n = 20) were 

at low risk for random sequence generation bias, although nearly half (41%, n = 12) did not 

have allocation concealment (i.e. researchers were not blinded to group allocation). The 

majority of studies (72%, n = 21) were at high risk of performance bias. Cardiometabolic risk 

marker outcome bias was assessed as mostly low risk (93% of studies, n = 27) since they 

were objective measures and lack of blinding is unlikely to have biased results. Two thirds of 
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studies (67%, n = 20) were assessed as low risk of bias for incomplete outcome data. The 

remaining third of studies (34%, n = 10) were assessed as high risk of bias for incomplete 

outcome data due to withdrawals and dropouts. Reporting bias was low risk as all studies 

(100%, n = 29) reported on findings stated in their methodologies or provided details on 

where to find related published material elsewhere. 

 

In general, because of the naturalistic settings in which these studies took place, the overall 

risk of bias among individual studies was moderate (see Table 4.4). Despite the use of cluster 

randomisation techniques and allocation blinding, baseline imbalances were a high source of 

bias in five studies (Alkhajah et al., 2012; Dunning et al., 2018; Garland et al., 2018; Mailey 

et al., 2016; Tucker et al., 2016). Contamination during the intervention due to spillover 

effects may have biased findings in six studies (Chia et al., 2016; Danquah et al., 2017; 

Garland et al., 2018; Graves et al., 2015; Healy et al., 2013; Mainsbridge et al., 2014). 

External validity was assessed as high risk in four studies (Carr et al., 2013; Gorman et al., 

2013; Puig-Ribera et al., 2015; Zhu et al., 2018), largely because these involved university 

faculty and staff educated to a high degree level, thereby limiting the application of findings 

to the population at large. Effect of season was stated as a potential confounder in Gorman et 

al. (Gorman et al., 2013) and Koepp et al. (Koepp et al., 2013). Other issues such as funding 

source (e.g., Miyachi et al. (Miyachi et al., 2015), which was partly funded by the 

participating organisation) and fluctuating adherence levels during the active intervention 

(Mainsbridge et al., 2018; Schuna et al., 2014) may have biased results. 
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Table 4.4. Risk of bias assessment of individual studies. 

Study 

Random 

sequence 

Allocation 

concealment 

Blinding of 

participants 

Blinding 

of 

outcomes 

Incomplete 

outcome 

data 

Selective 

reporting Other 

Alkhajah et al. (2012)  High High Unclear Unclear Low Low High 

Bergman et al. (2018) Low Low High Low Low Low High 

Bouchard et al. (2016)  High High High Low High Low High 

Carr et al. (2013) Low Low Low Low Low Low High 

Carr et al. (2016) Low Low High Low Low Low N/A 

Chia et al. (2016) Low Unclear High Low Low Low High 

Danquah et al. (2017) Low Low High High High Low High 

Dunning et al. (2018) Low Unclear Unclear Low Low Low High 

Garland et al. (2018) Low High Unclear Low High Low High 

Gorman et al. (2013) Low Low High Low Low Low High 

Graves et al. (2015) Low High High Low High Low High 

Healy et al. (2013) High High High Low Low Low High 

Healy et al. (2017) Low Low Low Low Low Low N/A 

John et al. (2011) High Low High Low Low Low N/A 

Koepp et al. (2013) Unclear High High Low Low Low Unclear 

Lin et al. (2017) High High High Low Low Low N/A 

MacEwen et al. (2017) Low Unclear Unclear Low Low Low N/A 

Mailey et al. (2016) Low Low High Low High Low High 

Mainsbridge et al. (2014) Low Low High Low Low Low Low 

Mainsbridge et al. (2018) High High High Low High Low High 

Malaeb et al. (2019) Unclear Unclear Unclear Low Low Low N/A 

Mantzari et al. (2019) Low Low High Low Low Low N/A 

Maylor et al. (2018) Low Low High Low Low Low N/A 

Miyachi et al. (2015) Low Low High Low Low Low High 

Puig-Ribera et al. (2015) Low High Low Low High Low High 

Schuna et al. (2014) Low High High Low High Low High 

Tucker et al. (2016) Low High High Low High Low High 

Verweij et al. (2012) Low Low High Low High Low Low 

Zhu et al. (2018) High High High Low Low Low N/A 

Percent "High" 27% 43% 73% 3% 33% 0% 85% 

Percent "Low" 67% 43% 10% 93% 67% 100% 10% 

Percent "Unclear" 7% 13% 17% 3% 0% 0% 5% 

Percent “N/A” -- -- -- -- -- -- 33% 

 

NOTE: High = high risk of bias; Low = low risk of bias; Unclear = not possible to rate risk of 

bias; N/A = risk of bias rating not applicable. 
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4.5.7 Intervention effects on cardiometabolic risk markers 

Twenty interventions (67%) significantly improved at least one cardiometabolic risk marker 

compared to a comparison arm or baseline. Significant cardiometabolic risk marker effects 

varied widely across studies (Figure 4.2). 
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Figure 4.2. Cardiometabolic risk markers and sedentary behaviour outcome summary for each study.  

Note: grey = non-significant reported outcome measure and black = a significant (p < 0.05) intervention improvement.  
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NOTE: Mailey et al. (2016) describes two interventions: (a) short breaks in sedentary time and (b) long breaks. BF% = body fat percentage, 

BMI = body mass index, BP = blood pressure, cIMT =carotid intima-media thickness, CM risk score = clustered cardiometabolic risk score, 

FFM = fat-free mass, FMD = flow mediated dilation, HC = hip circumference, HR = heart rate, HbA1c = glycosylated haemoglobin, HDL = 

high density lipoprotein cholesterol, HOMA2 = homeostatic modelling assessment version 2 (-%B for insulin output and -%S for insulin 

sensitivity), LDL = low density lipoprotein cholesterol, MAP = mean arterial pressure, PP glucose = postprandial glucose, SB = sedentary 

behaviour, WC = waist circumference, WT = weight, VLDL = very low density lipoprotein cholesterol 
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Seven interventions reported reduced blood pressure (Bouchard et al., 2016; Carr et al., 2013; 

Chia et al., 2016; Koepp et al., 2013; Lin et al., 2017; Mainsbridge et al., 2018; Maylor et al., 

2018) and three reduced mean arterial pressure (Mainsbridge et al., 2014, 2018; Maylor et al., 

2018). No interventions reported improvements in flow mediated dilation or carotid intima-

media thickness. Six interventions reported improved blood glucose levels: three improved 

fasting glucose [Mantzari et al., 2019;, Mailey et al., 2016 (short breaks intervention), 

Bouchard et al., 2016], two improved fasting insulin (Lin et al., 2018; Zhu et al., 2018), one 

improved glycosylated haemoglobin (HbA1c) (John et al., 2011), and one improved 

homeostatic modelling assessment version 2 for insulin sensitivity (HOMA2-%S) (Healy et 

al., 2017). No interventions improved HOMA2-%B for insulin output or insulin resistance 

(HOMA-IR). For lipid levels, one intervention improved LDL cholesterol (Zhu et al., 2018), 

two interventions increased high density lipoprotein (HDL) cholesterol (Alkhajah et al., 

2012; Koepp et al., 2013), but no interventions reduced total cholesterol, very low density 

lipoprotein cholesterol, non-LDL, triglycerides, or ratios of LDL/HDL nor total 

cholesterol/HDL. One intervention reported an improved clustered cardiometabolic risk score 

(Healy et al., 2017). Eleven interventions reported improved body composition outcomes, 

which included four interventions that decreased weight/body mass (Koepp et al., 2013; Lin 

et al., 2017; Tucker et al., 2016; Zhu et al., 2018), one intervention that reduced body mass 

index (Tucker et al., 2016), seven interventions that reduced waist circumference (Carr et al., 

2013; John et al., 2011; Koepp et al., 2013; Lin et al., 2017; Maylor et al., 2018; Miyachi et 

al., 2015; Puig-Ribera et al., 2015), one intervention that reduced hip circumference (John et 

al., 2011), four interventions that increased fat-free mass/total lean mass (Danquah et al., 

2017; Malaeb et al., 2019; Maylor et al., 2018; Tucker et al., 2016), one intervention that 

reduced body fat percentage (Danquah et al., 2017), and one intervention that reduced total 
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fat mass (Malaeb et al., 2019). No interventions decreased truncal fat mass or waist-to-hip 

ratio. 

 

4.5.8 Cardiometabolic risk marker outcomes by promise category 

The prevalence of very, quite and non-promising interventions did not differ dependent on 

the primary target behaviour. 

 

4.5.8.1 Very promising interventions 

There were nine very promising interventions (Alkhajah et al., 2012; Danquah et al., 2017; 

Graves et al., 2015; Lin et al., 2017; Mainsbridge et al., 2014; Malaeb et al., 2019; Maylor et 

al., 2018; Puig-Ribera et al., 2015; Zhu et al., 2018) with significant cardiometabolic risk 

marker improvements compared to both baseline and a comparison arm (see Figure 4.2).  

 

4.5.8.2 Quite promising interventions 

Eleven quite promising interventions (Bouchard et al., 2016; Carr et al., 2013; Chia et al., 

2016; Healy et al., 2013, 2017; John et al., 2011; Koepp et al., 2013; Mailey et al., 2016; 

Mainsbridge et al., 2018; Miyachi et al., 2015; Tucker et al., 2016) were associated with 

significant cardiometabolic risk marker improvements compared to baseline or a comparison 

arm (see Figure 4.2). 

 

4.5.8.3 Non-promising interventions 

Ten non-promising interventions (Bergman et al., 2018; Carr, Leonhard, et al., 2016; 

Dunning et al., 2018; Garland et al., 2018; Gorman et al., 2013; MacEwen et al., 2017; 

Mailey et al., 2016; Mantzari et al., 2019; Schuna et al., 2014; Verweij et al., 2012) did not 

result in improvements in cardiometabolic risk markers. 
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4.5.8.4 Active controls 

Of the ten active control conditions (Bergman et al., 2018; Carr, Leonhard, et al., 2016; 

Garland et al., 2018; Healy et al., 2017; Lin et al., 2017; Mainsbridge et al., 2014; Mantzari et 

al., 2019; Puig-Ribera et al., 2015; Verweij et al., 2012; Zhu et al., 2018), none reported any 

improvement in cardiometabolic risk markers; however, Healy et al. (Healy et al., 2017) 

found that the (active) control group experienced a significant worsening of clustered 

cardiometabolic risk scores, fasting glucose levels, and HOMA2-%S levels compared to 

baseline.  

 

4.5.9 Sedentary behaviour outcomes 

Of the 20 interventions which showed an improvement in at least one cardiometabolic risk 

marker (Alkhajah et al., 2012; Bouchard et al., 2016; Carr et al., 2013; Chia et al., 2016; 

Danquah et al., 2017; Graves et al., 2015; Healy et al., 2013, 2017; John et al., 2011; Koepp 

et al., 2013; Lin et al., 2017; Mailey et al., 2016; Mainsbridge et al., 2014, 2018; Malaeb et 

al., 2019; Maylor et al., 2018; Miyachi et al., 2015; Puig-Ribera et al., 2015; Tucker et al., 

2016; Zhu et al., 2018), fifteen (75%) also reported significantly reducing (p < 0.05) 

sedentary behaviour (Alkhajah et al., 2012; Bouchard et al., 2016; Carr et al., 2013; Danquah 

et al., 2017; Graves et al., 2015; Healy et al., 2013, 2017; John et al., 2011; Koepp et al., 

2013; Lin et al., 2017; Mailey et al., 2016; Maylor et al., 2018; Puig-Ribera et al., 2015; 

Tucker et al., 2016; Zhu et al., 2018). The remaining five did not report on sedentary 

behaviour change.  

 

Of the ten interventions which showed no improvements for cardiometabolic risk markers 

(Bergman et al., 2018; Carr, Leonhard, et al., 2016; Dunning et al., 2018; Garland et al., 
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2018; Gorman et al., 2013; MacEwen et al., 2017; Mailey et al., 2016; Mantzari et al., 2019; 

Schuna et al., 2014; Verweij et al., 2012), six interventions significantly reduced sedentary 

behaviour (Bergman et al., 2018; Garland et al., 2018; MacEwen et al., 2017; Mantzari et al., 

2019; Schuna et al., 2014; Verweij et al., 2012). The remaining four interventions (Carr, 

Leonhard, et al., 2016; Dunning et al., 2018; Gorman et al., 2013; Mailey et al., 2016) did not 

observe a change in sedentary behaviour. Of the ten active control conditions (Bergman et 

al., 2018; Carr, Leonhard, et al., 2016; Garland et al., 2018; Healy et al., 2017; Lin et al., 

2017; Mainsbridge et al., 2014; Mantzari et al., 2019; Puig-Ribera et al., 2015; Verweij et al., 

2012; Zhu et al., 2018), none had sedentary behaviour changes.  

 

4.5.10 Behaviour change techniques 

4.5.10.1 All interventions 

A total of 35 BCTs were present across the 30 interventions and ten active control conditions, 

not including data collection BCTs (see Table 4.5) (also see Electronic Supplementary Tables 

S2 and S3 in Brierley et al., 2019). Very promising interventions used an average of 12.1 ± 

4.6 BCTs, quite promising interventions used 13.2 ± 7.4 BCTs, non-promising interventions 

used 12.1 ± 6.5 BCTs, and active controls used 4.3 ± 3.4 BCTs. There was no difference 

between the number of BCTs used in non-promising (excluding active controls), quite 

promising and very promising interventions. There was also no difference in BCTs when 

active controls and non-promising interventions were combined (9.7 ± 7.2) versus quite 

promising and very promising interventions.  
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Table 4.5. Mean number of behaviour change techniques present in very, quite and non-

promising interventions and active control groups.  

 

Intervention efficacy 

Mean 

number of 

BCTs 

Standard 

deviation 

All promising (n=20) 12.7 6.1 

Very promising (n=9) 12.1 4.6 

Quite promising (n=11) 13.2 7.4 

All non-promising (n=20) 9.7 7.2 

Non-promising (n=10) 12.1 6.5 

Active controls (n=10) 4.3 3.4 

All (n=40) 10.5 6.6 

 

NOTE: No differences were observed for all promising versus non-promising (with and 

without active controls). BCTs = behaviour change techniques. 
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There was no difference in the number of BCTs used in all promising (very and quite; 12.7 ± 

6.1 BCTs) versus non-promising interventions (excluding active controls), nor in all 

promising versus non-promising interventions plus active controls. Across all interventions 

(not including active controls) the BCTs of habit formation and behavioural 

practice/rehearsal appeared most frequently in 26 interventions each (87% of all 

interventions). Twenty-four interventions (80%) featured restructuring the physical 

environment, 23 interventions (77%) featured behaviour substitution and habit reversal, 22 

interventions (73%) featured goal setting and instructions on how to perform the behaviour, 

20 interventions (67%) featured adding objects to the environment, and 18 interventions 

(60%) featured action planning and prompts/cues.  

 

4.5.10.2 Promising interventions  

There were eleven BCTs unique to all (very and quite) promising interventions: social 

support (practical), behavioural experiments, information about others' approval, remove 

aversive stimulus, generalisation of target behaviour, social incentive, restructuring the social 

environment, material incentive (behaviour), remove punishment, focus on past success, and 

identification of self as role model (See Table 4.6). 
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Table 4.6. Frequency of behaviour change techniques in very, quite and non-promising 

interventions (with and without active controls).  

 Promising 

 

Non-promising    

Behaviour change 

technique 

Very 

(n=9) 

Quite 

(n=11) 

All 

(n=20) 

 

Non 

(n=10) 

Active 

Control 

(n=10) 

All 

Non 

(n=20)  

Freq-

uency 

Ratio 

Ratio 

without 

Active 

Control 

Social  

comparison 3 3 6  1 0 1  6.0 6.0 

Problem  

solving 4 4 8  3 0 3  2.7 2.7 

Demonstration of 

the behaviour 1 4 5  2 0 2  2.5 2.5 

Goal  

setting 7 9 16  6 1 7  2.3 2.7 

Behaviour 

substitution 7 9 16  7 1 8  2.0 2.3 

Habit  

reversal 7 9 16  7 1 8  2.0 2.3 

Social support 

(practical) 0 1 1  0 0 0  N/A N/A 

Behavioural 

experiments 0 1 1  0 0 0  N/A N/A 

Information about 

others' approval 1 2 3  0 0 0  N/A N/A 

Remove aversive 

stimulus 1 0 1  0 0 0  N/A N/A 

Generalisation of 

target behaviour 1 2 3  0 0 0  N/A N/A 

Material incentive 

(behaviour) 1 0 1  0 0 0  N/A N/A 

Social  

incentive 0 2 2  0 0 0  N/A N/A 

Restructuring the 

social environment 1 2 3  0 0 0  N/A N/A 

Identification of 

self as role model 0 2 2  0 0 0  N/A N/A 
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Remove 

punishment 0 1 1  0 0 0  N/A N/A 

Focus on past 

success 1 0 1  0 0 0  N/A N/A 

NOTE: N/A = Not applicable. Categories or techniques with a promise ratio of 2.0 or above 

and that appeared in at least two interventions are reported here (Gardner et al., 2016). 

Techniques unique to all promising interventions only are also shown below but promise 

ratios have not been calculated. (Details are available for remaining categories/techniques in 

Appendix 5 and Appendix 6) (or see  Electronic Supplementary Tables S2 and S3 in Brierley 

et al., 2019.) 

 

4.5.10.3 Non-promising interventions 

The following six BCTs were unique to non-promising interventions: self-monitoring of 

outcomes of behaviour, salience of consequences, pros and cons, self-reward, 

framing/reframing, and verbal persuasion about capability (Appendix 5) (or see Electronic 

Supplementary Table S2 in Brierley et al., 2019). 

 

4.5.10.4 Unintended behaviour change techniques (used for data collection) 

The results for unintentional BCTs coded from the data collection methodology are presented 

in Table 4.7. Monitoring of behaviour without feedback (sitting), monitoring of outcomes of 

behaviour without feedback (e.g., calories, weight, etc.), and biofeedback were present in 

86% of interventions as this was used to gain data for the main outcomes of interest. Also 

commonly present (59% of interventions) was self-monitoring of behaviour, while only 17% 

of interventions involved participants self-monitoring outcomes of behaviour as part of data 

collection procedures. Feedback on behaviour (28%) and feedback on outcomes of behaviour 

(24%) were present in about a third of interventions. 
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Table 4.7. Unintentional behaviour change techniques coded from data collection methods 

and percent appearance throughout all interventions. 

 

Behaviour change  

techniques 

Frequency 

(n=30) 

% 

Appearance 

Monitoring of behaviour 

by others without feedback 25 86% 

Feedback 

on behaviour 8 28% 

Self-monitoring 

of behaviour 17 59% 

Self-monitoring of outcomes 

of behaviour 5 17% 

Monitoring of outcome(s) 

of behaviour without feedback 25 86% 

Bio- 

feedback 25 86% 

Feedback on outcome(s) 

of behaviour 7 24% 

 

4.5.11 Promise ratios 

The following BCTs held the highest promise ratios: social comparison (promise ratio = 6.0), 

problem solving (2.7), demonstration of the behaviour (2.5), goal setting (2.3), behaviour 

substitution (2.0), and habit reversal (2.0). These promise ratios remained robust even when 

excluding active controls (see Table 4.6), although eleven additional BCTs emerged with 

moderate ratios (2.5-2.0): information about health consequences, monitoring of behaviour 

by others without feedback, habit formation, behavioural practice/rehearsal, self-monitoring 

of behaviour, restructuring the physical environment, action planning, feedback on 

outcome(s) of behaviour, prompts/cues, feedback on behaviour, and social support 

(unspecified).   

 



 122 

4.6 Discussion 

The main findings of this review were that, in general, sedentary behaviour workplace 

interventions showed promise for improving cardiometabolic risk markers, although there 

was no consistency in which cardiometabolic risk markers showed improvement across 

interventions. Significant sedentary behaviour improvements were present in all studies 

where cardiometabolic risk markers improved apart from five studies where sedentary time 

was not measured as an outcome. This is in line with previous reviews (Chu et al., 2016; 

Shrestha et al., 2016), which have shown that sedentary behaviour workplace interventions 

are able to significantly reduce sedentary behaviour. The present review adds to the literature 

by identifying that reductions in sedentary behaviour in office workers have promise for 

improving cardiometabolic health.  

 

The minimum change in sedentary behaviour to yield cardiometabolic benefits is unknown 

(Manini et al., 2015) and a dose-response relationship is yet to be established (Maylor et al., 

2018). Frequency, duration and intensity of breaks in sedentary time may be important 

factors in addition to reductions in the total volume of sedentary time. Interventions that 

replace sedentary time with passive standing, a predominantly static activity requiring ≤ 2.0 

METs (Tremblay et al., 2017), may require greater volumes of standing or longer 

intervention timeframes before cardiometabolic benefits are realised (Healy et al., 2017), 

whereas replacing sedentary time with similar volumes of light or moderate activity may 

result in greater benefits (del Pozo-Cruz et al., 2018; Healy et al., 2015). In the present 

review, it was not possible to evaluate how cardiometabolic risk markers responded 

according to the sedentary behaviour intervention dose as the description of the interventions 

was not sufficiently detailed or consistent across studies. For example, there was a lack of 

detail and consistency for describing the frequency of contact with the research team and 
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health coaches, the frequency and duration of breaks from sitting when using prompt 

software, and recommendations for how frequent and for what duration active workstations 

should be used. Further studies are required to identify if a dose-response relationship exists 

between sedentary behaviour and cardiometabolic risk changes and the role of frequency, 

intensity, mode and duration of activity used to replace sedentary time in determining health 

outcome changes. Future studies should also ensure that the dose of the intervention is 

sufficiently described to enable evaluation of intervention dose in the context of 

cardiometabolic health changes. 

 

Sedentary behaviour workplace intervention effects on cardiometabolic health may take 

longer than the frequently employed 12-week intervention length seen in this review to elicit 

detectable chronic changes in cardiometabolic risk markers. This may be due to differences 

in the specific measures taken and the type of measure (e.g. fasting or postprandial) (Maylor 

et al., 2018). In the present review, blood glucose, insulin, and lipid profiles were measured 

in the fasted state. Short term (up to one day) laboratory-based trials have consistently 

reported attenuations in postprandial glucose, insulin and triglycerides in response to 

breaking up prolonged sitting (Chastin et al., 2018). It is therefore of interest to examine long 

term adaptations to postprandial outcomes in response to sedentary behaviour interventions 

as these outcomes may be more sensitive to changes in sedentary behaviour. 

 

In the present review, the BCTs concerning habits, goal setting, and social support were 

present more often in promising interventions than non-promising interventions. Specifically, 

social comparison, problem solving, demonstration of the behaviour, goal setting 

(behaviour), behaviour substitution, and habit reversal, were more than twice as likely to be 

present in promising than non-promising interventions. Supporting the notion of sitting as 
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habit, the BCTs of habit substitution and habit reversal demonstrated moderate promise 

ratios. Previous investigations (MacDonald et al., 2018; Nooijen, Kallings, et al., 2018) into 

employee perceptions of sedentary behaviour in the workplace have shown that sitting is 

often performed out of habit. Thus, it makes sense that techniques to establish new sitting 

reduction habits are a prominent feature of promising sedentary workplace interventions. 

Behavioural habits also have cultural significance (Such & Mutrie, 2017) as they shape 

expectations around shared workplace norms (Cole et al., 2015; MacDonald et al., 2018; 

Waters et al., 2016). Consistent with our findings, automatic motivation may be best 

influenced through environmental strategies and prompts to break up and reduce sitting time 

by substituting and reversing prolonged sitting habits (Michie et al., 2014). These findings 

may thus help to inform the design of interventions to reduce sedentary behaviour and 

improve cardiometabolic health in office workers. 

 

BCTs addressing the social context may also be supportive of cardiometabolic health 

improvement in sedentary behaviour workplace interventions. Unique to promising 

interventions only (and appearing in two or more interventions) were: information about 

others' approval, social incentive, restructuring the social environment, identification of self 

as role model, and generalisation of the target behaviour. This, along with social comparison, 

which was six times more likely to be present in a promising versus a non-promising 

intervention, indicates that support from workplace colleagues, managers, and the 

organisation, may be beneficial for improving cardiometabolic risk markers in sedentary 

workplace interventions. Social support in various forms thus appear to be important for 

changes to sedentary behaviour in the workplace and multi-component interventions should 

consider including these aforementioned BCTs.  
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This review identified that unintentional BCTs may have been administered through data 

collection methods. However, it is important to note that both the control and intervention 

groups in each study underwent the same procedures for data collection, thereby receiving 

the same unintentional BCTs. As most data collection results were not provided to the 

participants (only 28% and 24% of interventions received feedback on behaviour or feedback 

on outcomes of behaviour, respectively) it is assumed that data collection methods were 

implemented to observe and record behaviour, and not intended to change behaviour. That 

said, there is evidence to suggest that measurement effects on sedentary behaviour can occur. 

In a study of 153 participants aged 40-75 years, cardiovascular assessments and the 

International Physical Activity Questionnaire administered at regular time points over 12 

months rendered behaviour changes negligible between a letter-based tailored counselling 

intervention and a no-treatment control group (Voigt et al., 2018). There was, however, a 

significant decrease in sedentary time across both intervention and control groups from 

months six to 12, suggesting that data collection methods may result from repeated 

assessments. Importantly, none of the control groups in this review improved any 

cardiometabolic risk markers or sedentary time outcomes, which indicates that data collection 

methods did not influence behaviour or outcomes of behaviour.  It remains possible that 

intervention effects may be underestimated if data collection methods introduce systemic bias 

to the study design or that, conversely, effects may be overestimated due to the addition of 

unintentional BCTs (Voigt et al., 2018). This may explain inconsistencies in cardiometabolic 

changes in response to sedentary behaviour interventions. 

 

Another factor that may explain inconsistencies in cardiometabolic risk markers affected by 

interventions was sample size. Only two of the included studies (Healy et al., 2017; Verweij 

et al., 2012) were adequately powered a priori to detect cardiometabolic risk marker changes, 
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which were generally secondary outcomes. Healy et al. (Healy et al., 2017) initially reported 

in their protocol paper (Dunstan et al., 2013) that their anticipated sample size would allow 

detection of minimum differences of interest in a range of risk markers. However, after study 

completion the actual sample size restricted adequate power to cholesterol and body 

composition measures only. Verweij et al. (Verweij et al., 2013) reported an a priori design to 

detect change in waist circumference at longest follow-up timepoint (18 months). Both Healy 

et al. (Healy et al., 2017) and Chia et al. (Chia et al., 2016) reported post-hoc power 

calculations indicating that adequate power was reached for specific risk markers, although 

the thresholds for adequate power were not consistent between the two studies and the 

minimum detectable differences were not reported by Chia et al. (Chia et al., 2016). Although 

lack of power is a limitation of nearly all of the studies included in the current review, the 

significant cardiometabolic changes observed in many of the studies with relatively small 

sample sizes is noteworthy, given that changes in a larger number of outcomes may be 

detected with larger sample sizes. Future studies should therefore ensure that sample sizes are 

sufficiently powered to detect cardiometabolic risk marker changes in response to sedentary 

behaviour interventions.  

 

Participants in the included studies were apparently healthy but were often overweight and/or 

physically inactive. Inactive and highly sedentary workers are a group who may benefit 

greatly from reducing sedentary time (Ekelund et al., 2016; Honda et al., 2014). Dempsey et 

al. (Dempsey et al., 2016) in their review of the experimental evidence for breaking up or 

replacing sitting suggested that those with poor metabolic health, such as those with obesity 

or type 2 diabetes, experience greater glycaemic improvements than healthy individuals. 

However, studies have yet to determine the population groups that may benefit most from 
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workplace interventions and this should be investigated to help target public health and 

workplace policy more appropriately.  

 

4.6.1 Limitations at study and outcome level 

In order to gather as much information as possible on cardiometabolic risk marker responses, 

there were no inclusion restrictions on study design, which means there may be an increased 

risk of bias. Eighteen studies had a randomised design element, but the remaining eleven 

studies were comprised of pilot interventions, quasi-experimental designs, convenience 

sampling, naturalistic design, and pre-post testing. Six of the nine very promising 

interventions were randomised controlled trials (RCTs), four of the eleven quite promising 

interventions were RCTs, and nine of the ten non-promising interventions were RCTs. In 

comparison, Chu et al. (Chu et al., 2016) found consistent evidence for improved behavioural 

outcomes (workplace sitting reduction) in their systematic review of RCTs. This would 

suggest that intervention effectiveness may be related to study design, however, there may be 

additional factors to consider for cardiometabolic risk marker change. This review has 

assessed one such study design factor, intervention behaviour change components, as set out 

in the BCT taxonomy (Michie et al., 2013). It is recommended that future interventions are 

evaluated in RCT designs to provide stronger conclusions with regards to the effectiveness of 

sedentary behaviour workplace interventions for improving cardiometabolic health. 

 

Methodological quality was moderate overall with a high risk of bias regarding allocation 

concealment, performance bias, and small sample sizes. A lack of randomised controlled 

trials as well as concealment and blinding are well-known issues in the field of sedentary 

behaviour intervention research (Chu et al., 2016; Shrestha et al., 2016). In workplace 

interventions it is not often practical to blind participants and personnel to treatment group 
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because behaviour change interventions rely on knowledge and understanding by the 

participant and some intervention techniques like motivational counselling make it 

impossible to blind personnel delivering the sessions. If these issues continue to persist in 

sedentary behaviour studies, then intervention reporting frameworks such as TIDieR would at 

least allow for greater transparency in delivery mode and methods, as well as content 

(Hoffmann et al., 2014).  

 

Conflicting operational definitions concerning participant inclusion criteria were apparent in 

the included studies, with sedentary behaviour levels and full-time status being two of the 

most inconsistently defined terms. There was a lack of consistency with regard to sedentary 

behaviour eligibility criteria. This might lead to the underestimation of intervention 

effectiveness since those with the most sedentary time are more likely to gain the most 

benefit from reducing their sitting time. The way full-time status was operationally defined 

was likewise inconsistent. This was described either in percentage work hours, full-time 

equivalent hours worked, or simply as full-time employees. For those studies with specific 

criteria such as ≥ 0.6 full-time equivalent work hours (e.g., Healy et al. (Healy et al., 2017)), 

some had low inclusion thresholds or may have only specified part-time hours as exclusion 

criteria. No mention of these issues has been included in past sedentary behaviour workplace 

intervention reviews (Chau et al., 2010; Chu et al., 2016; Shrestha et al., 2016). These 

variations lead to increased heterogeneity of the results and caution must be thus exercised 

when generalising the findings of this review.  

 

4.6.2 Limitations at review level 

A decision was made to include all workplace interventions regardless of primary behaviour 

aim (e.g., sedentary behaviour-only; physical activity-only; joint sedentary behaviour and 
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physical activity; or sedentary behaviour, physical activity and diet) in anticipation of there 

being few sedentary behaviour-only interventions reporting cardiometabolic risk marker 

outcomes (Martin et al., 2015). Previous reviews have highlighted that being clear about the 

target behaviour for participants, subsequent messages, and supporting BCTs, impacts on 

intervention effectiveness (Martin et al., 2015). However, this review found that interventions 

with a sedentary behaviour-only focus were no more promising for cardiometabolic risk 

marker improvement than those with a joint sedentary behaviour and physical activity focus.  

For the 17 interventions in this review that had sedentary behaviour-only as the stated target 

behaviour, 65% (n = 11) improved at least one cardiometabolic risk marker. Of these, eight 

were RCTs. It may be that targeting sedentary behaviour is related to improved 

cardiometabolic risk profiles and researchers should thus be clear and explicit about the 

behaviour to be changed when designing and reporting interventions in order to further 

evaluate the evidence base.  

 

A potential limitation of all reviews in this field is the possibility of publication bias. Nine 

out of the 10 non-promising interventions in this review were RCTs, which might suggest 

that non-promising interventions found in non-randomised controlled trials have not been 

published. The Open Science Movement (UNESCO, 2017) is a global strategy targeted at 

making all scientific research data accessible to all, which will help to reduce the occurrence 

of publication bias. There was large heterogeneity with respect to sedentary behaviour 

interventions employed and cardiometabolic outcomes measured in this review. These 

limitations should be addressed in future RCTs to permit meta-analyses that would allow 

definitive conclusions to be drawn on sedentary behaviour intervention effectiveness.  
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Another potential limitation of this review is the crude approach to examining the 

contribution of BCTs to intervention effectiveness via a “promise ratio”. A meta-regression 

approach (Michie et al., 2009) to determine associations between BCTs and effective 

interventions could be preferred but this was not possible in the current review due to the 

inconsistency in outcome measures reported across studies. Coding for the BCTs in 

promising interventions identified several issues that limit the generalisability of the findings. 

It was only possible to code for items if they were described by the authors. This may lead to 

the inadvertent omission of techniques that are not fully described. It has been suggested that 

authors and journals offer supplemental materials such as intervention manuals (Lorencatto et 

al., 2013) or TIDieR supplements (Hoffmann et al., 2017) in order to provide precise, 

accurate reporting of intervention content. This would improve the replicability of each 

intervention and the generalisability of the findings. Finally, a limitation of the BCT 

taxonomy is that it risks not extracting important contextual information. For example, social 

comparison, when attention is drawn to others’ performance to allow comparison with the 

person’s own performance, may refer to competition or more of a group learning 

environment, and labelling all instances under one heading may actually lead to less clarity 

about the intervention components. Therefore, it is important that researchers report on 

contextual information alongside the named BCTs to give greater understanding of what 

works and why.  

 

4.6.3 Strengths 

This study has several strengths, including a thorough search strategy and adherence to 

Cochrane (Higgins et al., 2011) and PRISMA guidelines (Moher et al., 2010) for the 

reporting of systematic reviews. The study was strengthened by having two independent 

reviewers at all stages of the review process, including screening and study selection, data 
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extraction, risk of bias assessment and BCT coding. This review has explored a topical issue 

(sedentary behaviour) identified by the World Health Organization (WHO, 2018b) as a 

distinct and growing concern that would benefit from a systems-based approach as part of a 

global action plan for policymakers. 

 

Another strength of this review was that in addressing the issue of incomplete BCT coding, 

coding was combined from all related (published) material including the main article, 

additional articles describing the same study, protocol papers, clinical trial registries, and 

supplementary material (Gardner et al., 2016; Howlett et al., 2019; Martin et al., 2015). It 

was thus possible to capture information such as email newsletter content that would 

otherwise have been missed.  Furthermore, by coding active control conditions and including 

them in promise ratio analyses (Gardner et al., 2016; Martin et al., 2015), it is more certain 

that the promising BCTs that emerged were indeed associated with intervention effects. 

 

4.7 Conclusions 

The majority of workplace sedentary behaviour reduction interventions reviewed 

demonstrated a significant improvement for at least one cardiometabolic risk marker. 

However, inherent bias in study designs means that it was not possible to draw strong 

conclusions. Future studies of workplace sedentary behaviour interventions should employ an 

RCT design, ensure sample sizes are sufficiently powered to detect change in 

cardiometabolic risk markers, and include longer follow-ups to assess long-term adaptations. 

In addition, improved intervention reporting through the use of TIDieR would strengthen the 

evidence base in this field. For stakeholders of sedentary workplace interventions, this review 

has positive implications for cardiometabolic health in adult office workers. The BCTs of 

social comparison, problem solving, demonstration of the behaviour, goal setting 
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(behaviour), behaviour substitution, and habit reversal, appeared more frequently throughout 

promising interventions and should be considered for future intervention development. 
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Chapter 5: Evaluating a multi-component intervention to reduce 

and break up office workers’ sitting with sit-stand desks using the 

APEASE criteria (Study 2) 

 

This chapter has been submitted for publication as: Brierley, M. L., Smith, L. R., Bailey, D. 

P., Ojo, S. O., Hewson, D. J., & Chater, A. M. (Submitted June 2020). Evaluating a multi-

component intervention to reduce and break up office workers’ sitting with sit-stand desks 

using the APEASE criteria. Journal of Behavioral Medicine. 

 

5.1 Chapter overview 

Office workers engage in high amounts of workplace and daily sitting time. Sitting is 

adversely associated with chronic disease risk, such as type 2 diabetes and cardiovascular 

disease. To date, formal assessment of sedentary workplace interventions using the 

Acceptability, Practicability, Effectiveness/cost-effectives, Affordability, Side effects/safety, 

and Equity (APEASE) has not been undertaken. The aim of the study was to assess the 

feasibility of a theory-based, multi-component intervention involving a sit-stand desk using 

the APEASE criteria. Thirteen participants (8 female, mean age 38±10 years) from the 

treatment arm of a sedentary workplace intervention took part in semi-structured interviews. 

Initially, inductive codes were assigned to data items and then deductive coding was applied 

using APEASE as a framework. The intervention was highly acceptable, practicable, safe to 

deploy, and helped workers reduce workplace sitting time, though individual preferences and 

workload mediated engagement. Affordability of sit-stand desks and Equity were potential 

issues. Additional techniques like behavioural self-monitoring and/or non-specific rewards, 
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and more personalised components would help office workers achieve reductions in 

workplace sitting in line with recommendations. 

 

5.2 Introduction 

Engaging in large amounts of sedentary time is associated with increased risk of developing 

type 2 diabetes, cardiovascular disease, some cancers and premature death (Bailey et al., 

2019; Chau et al., 2013; van der Ploeg, 2012; Wilmot et al., 2012). Engaging in at least 60-75 

minutes of moderate physical activity per day may be needed to offset the adverse health 

effects of excessive sitting time (Ekelund et al., 2016). In the workplace, sedentary behaviour 

has been operationally defined as prolonged sitting (Buckley et al., 2015), which is defined as 

any sitting bout lasting more than 30 minutes (Henson et al., 2016). Office workers typically 

sit for the majority of their workday (Clemes, O’Connell, et al., 2014b; Parry & Straker, 

2013; Thorp et al., 2012). The ability to reach a large number of people in a setting that is 

synonymous with prolonged sitting presents an opportunity to improve public health via 

workplace interventions (Buckley et al., 2015). However, their success depends on how much 

and to what extent workers adopt sitting time recommendations. Interventions to reduce 

prolonged workplace sitting can help, but there may be remaining barriers. Understanding 

how and why intervention resources are accessed can uncover these barriers (and facilitators) 

leading to more effective interventions in future. 

 

Qualitative studies on single-component sit-stand desk interventions show positive overall 

acceptability and feasibility (Chau et al., 2014; Dutta et al., 2015; Grunseit et al., 2013; 

Wilkerson et al., 2019). This is also the case for dual-component interventions that pair sit-

stand desks with an initial educational/training session (Dewitt et al., 2019; Garland et al., 

2018; Leavy & Jancey, 2016) or ongoing motivational support (e-newsletters) (Zhu et al., 
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2018). With regards to multi-component interventions, less is known about the participant 

experience. Hadgraft et al. (2017) found that an intervention using a combination of sit-stand 

desks, one-to-one health coaching, and organisational level support was perceived as 

positively impacting participant health and well-being with few negative effects on 

productivity. Participants also perceived a shift towards a standing work culture (Hadgraft et 

al., 2017). However, despite having sit-stand desks and additional support, sitting and 

standing were often task and situation dependent, and workstation design could be a barrier 

to use (Hadgraft et al., 2017).  

 

Current recommendations suggest initially replacing 2 hours of a typically seated 8-hour 

workday with standing or light activity in addition to frequent posture changes (Buckley et 

al., 2015). In the past, workers using sit-stand desks have typically experienced reductions of 

30 – 120 minutes in workday sedentary time in the short term (3 months or less) (Chu et al., 

2016; Shrestha et al., 2016, 2018). Longer term changes are less well known, but a recent 

review found two sit-stand desk studies with longer term follow-ups between 3 – 12 months 

had an average reduction of 57 minutes per workday (Shrestha et al., 2018). Furthermore, 

sedentary workplace interventions show promise for improving health outcomes (Brierley et 

al., 2019). Understanding the participant experience will help researchers to curate and 

design resources to help participants reach recommended behavioural targets for health with 

sustainability in mind. 

 

The Behaviour Change Wheel (BCW: Michie et al., 2011; 2014) provides a framework to 

assess and address stakeholder needs for effective behaviour change interventions. The BCW 

incorporates the Behaviour Change Technique Taxonomy v1, a theory-based taxonomy of 93 

individual techniques for behaviour change (Michie et al., 2013). The BCW also incorporates 
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the APEASE criteria to assess Acceptability, Practicability, Effectiveness/cost-effectiveness, 

Affordability, Side effects/safety, and Equity, iteratively in all stages of intervention design 

(Michie et al., 2014). In the initial stages of intervention development, APEASE aids 

researchers to systematically make decisions about which behaviour change techniques 

(BCTs) to include (Munir et al., 2018; Ojo, Bailey, Brierley, et al., 2019). In the later stages, 

APEASE can help assess fidelity, whether BCTs were delivered and received as intended.  

Evaluating fidelity helps researchers understand how particular BCTs contribute to 

intervention effectiveness. 

 

The primary aim of this study was to use the APEASE criteria to assess the impact of a multi-

component sedentary behaviour workplace intervention involving sit-stand desks (Ojo, 2020; 

Ojo, Bailey, Brierley, et al., 2019). More specifically, this study aimed to gather employee 

insights on the use of intervention resources, facilitators and barriers to participation, fidelity, 

and perceived impact of the intervention on physical, social, and psychological outcomes as 

evaluated via the APEASE criteria. The evaluation will help inform future intervention 

design.  

 

5.3 Methods 

5.3.1 Study setting and design 

This qualitative study consisted of semi-structured interviews with intervention participants 

from a pilot cluster-randomised controlled trial developed using the BCW, described in full 

elsewhere (Ojo, 2020; Ojo, Bailey, Brierley, et al., 2019). The present study follows the 

Consolidated Criteria for REporting Qualitative studies (COREQ) (Tong et al., 2018), a 32-

item checklist for interviews and focus groups (see Appendix 11). Ethical approval was 
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granted from the University of Bedfordshire Institute for Sport and Physical Activity 

Research Ethics Committee (2018ISPAR014; see Appendix 9). 

 

 Employees from two workplaces (a university and a council office in the east of England) 

were recruited between April 2018 to May 2018. Fourteen offices/clusters (averaging three 

people each) were randomly assigned via software to the intervention or control group by a 

researcher not involved in the study. Participants were provided an information sheet and 

written informed consent was provided prior to study commencement (Appendix 7 and 

Appendix 8). The intervention study was prospectively registered on ClinicalTrials.Gov 

(NCT03560544) and had received ethics approval from the University of Bedfordshire 

Institute for Health Research Ethics Committee (lHREC836).  

5.3.2 Intervention 

During the eight-week intervention, workers participated together in clusters of two to three 

people (BCT: Restructuring the social environment). Intervention participants’ regular desks 

were equipped with height-adjustable workstations to allow them to change posture while 

working (Behavioural practice/rehearsal, Restructuring the physical environment, Adding 

object to the environment). A 5-10 minute information session was held to show participants 

how to use the desks (Demonstration of the behaviour), to hand out education leaflets with 

evidence-based workplace sitting recommendations and tips for achieving guidelines 

(Instruction on how to perform the behaviour, Credible source), and to provide information 

about health and emotional consequences (Information about health consequences, 

Information about emotional consequences). Participants were verbally instructed to create 

action plans for gradually increasing their sitting reduction over the eight weeks (Problem 

solving, Action planning, Graded tasks) as well as to set bi-weekly sitting reduction goals 

[Goal setting (behaviour)]. Prompting software was installed on individual computers to 
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remind participants to frequently change between sitting, standing, and taking short breaks 

(stepping) in line with their goals (Prompts/cues). Bi-weekly emails were sent via line-

managers reiterating participants’ stated goals [Social support (unspecified)]. Relative to 

controls, sitting time decreased (-53 minutes; 95% confidence interval [CI]: -99 to -6), 

standing time increased (53 minutes; 95% CI: 11 to 94), and percentage of time spent in 

sitting bouts < 30 minutes decreased (-49 minutes; 95% CI: -75 to -22) significantly (Ojo, 

2020). 

 

5.3.3 Materials 

5.3.3.1 Demographic survey 

All participants completed an online demographic survey (Qualtrics Inc., Seattle, WA, USA) 

reporting age, sex, job type (‘I manage others’/’I do not manage others’), length of tenure 

with the organisation, hours worked per week, education level, marital status, exercise habits, 

health status, smoking status, and alcohol consumption. 

 

5.3.3.2 Interview schedule 

Semi-structured interview questions were prepared that asked participants on their use of 

intervention resources, facilitators and barriers to participation, and perceived impacts of the 

intervention on physical, social, and psychological outcomes (see Appendix 10). The 

interview schedule was modelled on Hadgraft et al.’s (2017) study on employee perceptions 

of a multi-component intervention involving the use of a sit-stand desk. Additional questions 

were adapted from prior qualitative studies on sit-stand desk use (Chau et al., 2014; Grunseit, 

Chau, van der Ploeg, & Bauman, 2013) and walking programme engagement (Mitchell et al., 

2018). The questions were pilot tested on an individual not involved in the intervention who 

partly works from a standing only desk. Questions were then reordered for clarity and 
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technical jargon replaced with layperson terminology for ease of understanding (for example, 

‘sedentary behaviour’ was replaced with ‘sitting’).  

 

5.3.4 Procedure 

Twenty-two desk-based university and local-authority employees from the East of England 

assigned to the treatment arm of the intervention were contacted via email to participate. A 

total of 13 participants were interviewed, all having met the eligibility criteria for the 

intervention study: aged 18-65 years, working ≥ 0.6 full-time equivalent hours,  self-

reporting at least 5.5 hours of workplace sitting per 8-hour workday, ambulatory, and not 

pregnant (Ojo, 2020; Ojo, Bailey, Brierley, et al., 2019).  

 

The interviews were performed by the lead researcher (MB) and lasted on average 

32.79±5.59 minutes. Interviews were audio-recorded in person (using a Tascam DR-05 

dictaphone, TEAC Corporation, Montebello, CA, USA) during work time at the participants’ 

place of employment in one-to-one settings. No participants requested to review a copy of 

their transcript prior to analysis; an option which was available to all. Conversations were 

transcribed verbatim by MB using Express Scribe software (NCH Software, Inc., Canberra, 

Australia) and an Infinity IN-USB-2 foot pedal (AltoEdge Pty Ltd., Colorado, USA). 

Transcripts were de-identified and anonymised prior to analysis. Field notes and reflections 

post-interview were also recorded by hand.  

 

5.4 Analysis 

Participant characteristics were analysed in Excel (version 16, Microsoft Corporation, 

Albuquerque, NM, USA).  
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Qualitative data was analysed using NVivo software (version 11, QSR International Pty Ltd, 

Melbourne, Australia). Transcripts were coded line by line. Preliminary code names were 

assigned to data items and iteratively developed throughout the coding process by MB. An 

expert in qualitative research (AC) checked and discussed all transcripts for preliminary code 

names and helped to deductively assign them to the APEASE framework (Michie et al., 

2011; 2013), again through an iterative process. The wider research team comprising 

backgrounds in physical activity pedagogy (LS) and physiology (DB) discussed and refined 

final interpretations (Keyworth, Hart, Thoong, Ferguson, & Tully, 2017). Selected quotations 

from participant responses were used to illustrate key concepts (identified by pseudonym). 

 

5.4.1 Data saturation 

The APEASE framework helped provide an objective means of structuring responses and 

monitoring data saturation. Data saturation was confirmed after discussion and agreement 

with a second researcher (AC) that no new information could be identified either directly 

from the responses (Guest, Bunce, & Johnson, 2016) or further interpreted in the form of 

aggregate themes from the analysis (Guest et al., 2016). No new information was identified 

in the final analysis, and, therefore, it was not necessary to seek additional interviews (Brod, 

Tesler, & Christensen, 2009; Rubin & Rubin, 2011).  

 

5.5 Results 

5.5.1 Participants 

The sample was 62% female (n=8), average age 38±10 years, with the majority having a 

university or higher degree (n=11, 85%). Just over half of the sample was married/civil status 

or cohabiting (n=7, 54%). Sixty-two percent of participants were managers (n=8) and 

average length of tenure at the organisation was 7±7 years. Participants worked an average of 
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34±9 hours per week. Just over half of the sample (n=7, 54%) reported not meeting the 

recommended 150 minutes of moderate to vigorous physical activity per week (Davies et al., 

2019). The sample was fairly healthy with most self-rating their overall health as good, very 

good or excellent (n=9, 69%), most had never smoked tobacco (n=11, 85%), and 92% (n=12) 

reported alcohol use within recommended UK guidelines (≤14 units per week) (UK Chief 

Medical Officers, 2016).  

 

5.5.2 APEASE framework 

Data is presented using the framework subheadings of the APEASE criteria, namely: 

Acceptability, Practicability, Effectiveness/cost-effectives, Affordability, Side effects/safety, 

and Equity, relating to Ojo et al.’s (2020; see also Ojo et al., 2019) sedentary behaviour 

intervention for office workers.  

5.5.2.1 APEASE: Acceptability 

The intervention was well-tailored to the specific workplace. Overall, participants felt the 

intervention was highly acceptable and the length (eight weeks) was appropriate for getting 

used to standing and gradually increasing use of their sit-stand desk: 

 “It was a good experience.” (P3) 

“I found it to be perfectly fine. I think it was enough of a timeframe to get us 

used to standing and increasing.” (P1) 

“The eight weeks just made it more automatic I think.” (P5) 

However, the hot summer weather sometimes made standing uncomfortable:  

“Maybe the fact that it was in summer? At some point it was just really hot, 

and I don’t think any of us were able to stand during that period.” (P10) 
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Though acceptable, there were suggestions for making the intervention even more so:  

 “I think it’s putting all the tools and packaging it all together in a nice 

package.” (P2)  

“I’m keen to continue to stand more during my day, not just at my desk, with 

thinking about how I can incorporate standing during meetings and other 

elements of my work.” (P4) 

There were a few concerns that attempts to reduce siting time added to one’s work and 

cognitive load: 

“Standing for eight hours a day doesn’t sound like an achievement, sounds 

like part of work.” (P1)  

“There’s one more thing to manage and think about.” (P3) 

The desk was deemed to be acceptable, with participants expressing a desire to keep it.  

Moreover, they showed surprise at how much they liked using it and the freedom that it gave: 

“I love it, the desk, I found it, I got on with it really well. I didn’t find it a 

hindrance at all.” (P12)  

“I'm happy with them, I’d like to keep it.” (P7) 

“I have enjoyed using the desk more than I thought I would, and I would be 

very sad to see that go.” (P13) 

“I think just having that freedom to be able to stand or sit has been really 

nice.” (P8) 

A few participants reported dancing at their sit-stand desks: 
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“I would have my headphones on and I’ll ((laughs)) sometimes be dancing 

at my desk, which was quite cool.” (P7) 

“It was nice to actually stand and move and, you know, hop from foot to foot 

or dance.” (P1) 

While the intervention was delivered as planned, components of it like the computer prompts, 

emails and education session/materials may not have been received as intended. The 

computer prompting software had mixed acceptability. For some, the prompt was helpful 

because of its simple instructions: 

“Stand up, sit down, take a five-minute break, take a short walk. So that 

actually instead acted as a, almost as an incentive to do more exercise, in a 

sense ((laughs)).” (P11) 

“It’s like a personal trainer really, isn’t it?” (P2) 

Overall, participants felt the prompt was acceptable as an awareness tool, but was easy to 

ignore:  

“It didn’t irritate me. It was fine.” (P12)  

“If I get carried away with the emails or with phone calls, the prompt was 

very helpful in that sense.” (P11)  

“Yes, so I would just cancel it [the prompt] and then it would, kind of like, 

another thing would get in the way, and I’d kind of, I’d just keep going as I 

was.” (P8) 

“So, although it prompted me to stand some of the time I didn’t because I 

was in the middle of doing something and I was engrossed in doing it.” (P5) 
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“I became a little bit blasé about the app, you know? It would ping up and 

I’d just ignore it and yeah, yeah, desensitised.” (P5) 

It was suggested that more invasive prompts would have been acceptable: 

“Maybe a little snippet video of some little exercises […] a little window 

pop-up. ‘Cos that would irritate you and you would have to do it to stop it.” 

(P5) 

“Especially for rest breaks you need a more direct intervention, like you 

can’t use anything, so it forces you away from the desk.” (P9) 

Shorter breaks away from the desk prompted by the computer software were more acceptable 

to participants. The prompts had to be re-activated each day from an internet browser, a task 

which some found overly cumbersome, forcing them to resort to other techniques to help 

them remember to stand:  

“The shorter breaks were the easiest.” (P8) 

"Because the break would be a break away from the screen, it would be 

difficult, unless I'm either walking to a meeting or maybe doing some phone 

calls on my work phone. So, some work, yes, but it was difficult because 

you’re not directly a part of the computer.” (P11) 

 “It was just too confusing to work out something that would work – having 

to reset them [the computer prompt break times]. And it was just, it just 

became too much of an issue. So that’s why I broke it down into chunks 

throughout the day, knowing that I’d be standing for a couple of hours and 

then sitting for an hour or so, you know?” (P1) 
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Although delivered as intended, there were indications that the education component (where 

they received brief one-to-one guidance, advice and an information leaflet) was not received 

as intended. Participants did not recall much but those that did found the format acceptable, 

though they offered suggestions for improvements:  

“It was absolutely fine, yeah. I mean we got a handout and then we went 

through it with [the study lead], as well. He went through the whole thing 

with us, so that was useful as well, 'cos he got to explain a lot of what wasn’t 

clear.” (P10) 

“I can recall [the study lead] coming in and having a chat about sedentary 

behaviour and gave us a sheet. […] I think that could have been managed a 

bit more, you know? What the perceived benefits might be? Why it’s 

important to actually stick to the recommendations throughout the 

programme. And perhaps we might not have been quite as click-happy as we 

were. So, it might have motivated people to participate a little more… fully.” 

(P5) 

 

“I guess if there’s some sort of demonstration and maybe some sort of short 

film about it?” (P3)  

Email content was also not clearly remembered, but the fact they were sent by line managers 

was memorable and viewed favourably: 

“I honestly don’t remember what the emails were.” (P10) 
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“I liked the approach because it was as though, because it’s coming from 

your manager, it’s more, it feels as though it’s been approved or 

authorised.” (P11) 

5.5.2.2 APEASE: Practicability 

Participants talked about the practical elements of using the intervention to gradually reduce 

their sitting time over the eight weeks and take frequent breaks from sitting.  They were able 

to follow the instructions clearly, and there were few practical limitations. However, attempts 

to reach the behavioural target (to replace 2-4 hours of sitting with standing and frequent 

posture changes) varied from person to person, and fluctuated over the course of the study: 

“I don’t think I dropped off at all in terms of the way we were instructed. 

[…] Had these sort of step increases in the amount of time we were standing, 

to not attempt to stand for long periods in the first couple of weeks, but then 

to gradually increase that. So, it just felt that by the end of it, I felt like I was 

standing at almost every opportunity to stand, I suppose.” (P4) 

“I think I did better in the first week. I was more consistent because I used 

the Pomodoro [computer prompt] thing and then it became a bit more 

inconsistent. But I can’t say because sometimes I stood up for a bit longer, 

so it’s a bit of a blur.” (P3)  

Being away from the desk (e.g., at meetings) was the most common reason for not practically 

being able to engage with the intervention:  

“I don’t spend a lot of my day at my desk, so, I was quite limited in the 

amount of time I could spend standing.” (P4)  
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“It’s fine having a desk intervention but actually how effective is it if you’re 

only there for like an hour or two hours out of your day? When you’ve got so 

many meetings?” (P7) 

Others described a sense of relapse when the novelty factor wore off and practically it was 

more difficult to engage in the intervention when work pressures increased: 

“People were interested in the desk initially but […] it faded very quickly. 

Very quickly.” (P6)  

“This is the busiest time of the year so the old habits ((laughs)) kind of creep 

back in.” (P3)  

 

 

Participants negatively perceived the loss of desk space when changing desk height (the desk 

was stationed on top of their normal seated desk) and reported, practically, that the mousepad 

area could be improved. Still, they would prefer this desk to no desk:  

“I’d find it kind of a bit interruptive of the flow of whatever I was doing to 

then have to move the desk down, sit down, slightly change the layout of the 

desk.” (P8)  

“Quite a small restrictive area for the mouse.” (P4)  

“When you’re sitting down or standing up you have to use your mouse at a 

funny angle, at a different angle. But maybe it’s just the layout of the desk.” 

(P12) 

 “It [the sit-stand desk] doesn’t feel as elegant as the whole desks that rise.” 

(P4) 
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“Because it’s a U-shape, the space that you get is limited. But I’d rather 

have a standing desk that was of a lower cost, than no standing desk at all 

and more space at my desk.” (P7) 

 

The raised desk was a physical barrier to informal conversations with colleagues within the 

office, which was perceived by some as a hindrance to collaboration and by others as a way 

to eliminate unwanted distractions. There were mixed feelings about the increased visibility 

of the computer screen while standing:  

“If you’re trying to look at somebody over my screen and talk to them at the 

same time, I couldn’t see them.” (P1) 

“If I'm kind of sat down there’s a lot kind of in my eye line in terms of 

perhaps people turning round, people asking questions etc. Whereas where I 

was stood up there wasn’t that kind of a, in my eye line, and it was just kind 

of like the screen to focus on. So I just found I could concentrate on it better 

and, kind of, less distractions.” (P8) 

“I think because it raised my desk, my computer screen was like visible for 

everybody else, I think it could, because of my position in the office. So that 

kinda wasn’t too great.” (P10) 

“No, I didn’t take much notice of that ((laughs)).” (P12) 

Participants found the physical mechanics of adjusting the desk height practicable but that 

overcoming the mental hurdle was less so: 

“It took seconds and then you’re in a new position.” (P12) 

“It is just the initial, yeah, lifting it up and getting going.” (P6)  
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Prompts were perceived as a useful practical aspect of the intervention, reminding 

participants when they lost track of time spent sitting. However, work completion often took 

priority. The prompt that was delivered through the computer was easy to use. However, they 

did have to set the prompt each day, which was seen as a limitation:   

“If it didn’t have the prompts I’d forget because the tasks that I'm doing, I'm 

involved in, and the time goes.” (P12) 

“So, although it [the computer prompt] prompted me to stand some of the 

time I didn’t because I was in the middle of doing something and I was 

engrossed in doing it.” (P5) 

“When I initially started, I found that if I wasn’t using Chrome [web 

browser], I wouldn’t get the prompt. So, I’d remember, let’s say maybe at 

ten thirty that ‘Oh, I haven’t actually started!’.” (P11) 

Although, the prompts encouraged use of the desk that was time-dependent, participants also 

expressed individual preferences for performing certain tasks while sitting or standing: 

“If I need to do physical paperwork, it’s sitting down then. It was very 

awkward to do that while standing.” (P1) 

“If I'm answering emails or if I'm taking phone calls then it was easier to 

stand.” (P11) 

“Sometimes it’s a little easier to sit while I was typing. […] If you’re doing 

more sort of mouse work, it’s easier when you’re standing up.” (P2) 

“I quite enjoyed typing standing up.” (P3) 
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“Bits of work that require a lot of intellectual effort, sometimes sitting helps. 

Standing is my natural in terms of quick tasks, emails, even talking on the 

phone.” (P4) 

“We all joked about there was certain things you couldn’t do standing up. 

Like someone, ‘I can’t do maths standing up,’ or someone said, ‘I can’t 

make phone calls, I have to sit down for that’ you know? It was sort of, 

everyone was different.” (P7) 

5.5.2.3 APEASE: Effectiveness/cost-effectiveness 

A range of positive impacts of the intervention were reported including musculoskeletal 

health, fatigue, and concentration benefits. Participants realised that there were other ways of 

working that did not involve sitting down:  

“I found it quite beneficial especially for my back and shoulders. I found that 

standing up every so often did make a difference.” (P11) 

“You find yourself drifting off and staring into space and it’s less likely when 

you’re standing.” (P5)  

“It made me feel more awake at the end of the day so… because I wasn’t 

sitting in my chair for a long time.” (P13) 

“It’s just not necessary to sit down so much and it’s not healthy. […] In our 

job especially, if it’s about building relationships, a lot of these things you 

don’t need to be at the desk, you can go away. So, if I'm speaking with a 

student, I don’t have to sit at the desk, or yeah, there’s just different ways of 

doing things.” (P3) 
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Participants felt more relaxed and perceived that they moved more at their desk when 

standing: 

“I just felt more relaxed. More, you know, more active.” (P1) 

“Standing up, I think you do find yourself moving. Just doing just a little bit 

more stretching.” (P6) 

Physically switching between sitting and standing helped participants to mentally switch 

gears: 

“I felt less tired, felt more able to… and almost, sometimes, just having that 

switch would be helpful as well. Just switching gears from standing and 

sitting. And change of task would help.” (P4) 

“I felt more productive at work while I was part of that study. While 

standing I felt, like you just, like being able to focus more.” (P1) 

 

Participants described the formation of new daily routines around sitting and standing: 

“I have somehow embedded it into my daily routine.” (P11).  

“I tend now to stand most of the time and then if I get tired, I’ll sit down for 

a while so that it’s flipped ‘round.” (P5)  

“I just purely, trying to do it in the same amount of time at a time. So, if I 

was standing for two hours then I know I have to sit for an hour, then stand 

for two hours and break it up knowing that it was the lunch in the middle as 

well. And so, I just followed that same pattern.” (P1)  
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Participants were optimistic that a healthy working environment could result in increased 

productivity and fewer sick days:  

“If you can show productivity goes up, then it’s worth investing that money 

yeah. So, and it’s a win-win then 'cos obviously you can, obviously 

encourage, promote the healthy thing within the office as well […] I think it 

creates a positive environment within the office.” (P2) 

“My feeling would be there would be less injuries less time off from back, 

you know, back pain, less sick days. It’s that type of thing. Because you know 

if you’re not sitting correctly, standing correctly, there’s more chance that 

you’re gonna sustain injury, back injury, strain. Whereas if you got an 

option to change your position… Perhaps you could analyse the number of 

sick days taken off or not? That type of thing.” (P5) 

Social influences were strongly perceived to affect decisions to sit or stand. Participants felt 

supported by their colleagues doing the intervention and by the organisation as a whole, 

which enhanced its effectiveness:  

“It helped that everybody else was… a few more people were doing it, as 

well, so. It’s quite good to get everybody in the office involved and actually 

doing it.” (P10) 

“Colleagues [not in the study] were supportive, they were asking about it.” 

(P3) 

“I think definitely people were more interested in what was going on, were 

interested in the idea of standing more at work and kind of being encouraged 

to do it.” (P8) 



 153 

 

However, day-to-day decisions to stand were strongly influenced by social norms and not 

wanting to feel self-conscious. That said, having an office partner participating led to 

supportive comments and facilitation of the behaviour:  

“There is the consciousness of every half an hour leaving your desk.” (P6) 

“If I was doing a particular thing with a particular client and it would be 

inappropriate to stand.” (P5) 

 

“Sometimes you’re aware you’re not doing as much work as you should be 

and when you’re stood up its like ‘Oh wait, everybody can see I'm not 

working.’.” (P10) 

“We would joke about ‘How many times have you stood today?’ and ‘Have 

you put your Pomodoro [prompt] on?’.” (P5) 

“If he [colleague] was standing up, I kind of thought, ‘Oh, I’ll stand up 

too.’” (P6). 

Because participation was voluntary, most people were intrinsically self-motivated, though 

external motivation via competition was a suggestion:  

“I loved it. It’s my bag anyway. It’s what I'm interested in.” (P5).  

“I’m quite active anyway, and really enjoyed the opportunity to be more 

active at work rather than just sitting all day.” (P7)  

“Make it a competition or something. Whoever’s stood up the longest gets a 

little something at the end.” (P10) 



 154 

 

5.5.2.4 APEASE: Affordability 

The cost of the desk was an obvious affordability issue. Most participants said they would 

definitely keep their sit-stand desk if they were purchased by the organisation. However, 

participants felt that employers would need an incentive such as improved productivity to 

motivate them to invest in sit-stand desks: 

“It’s purely about cost. Having the right equipment.” (P4).  

“It’d be nice to keep the desks, think if the department would actually get 

some standing desks for everybody, it would be quite beneficial.” (P10)  

“If you could associate productivity going up then employers are more in 

line to actually invest in those [sit-stand desks].” (P2) 

 

5.5.2.5 APEASE: Side effects/safety 

Back pain resulting from trying to stand for 2-4 hours was occasionally reported. Participants 

thus adjusted their standing time to manage this:  

“The initial few weeks were fine. It was in the latter I think, the latter two 

weeks, for the time standing was longer I found that aggravating the base of 

my back a bit. Not to an extent I… just that I knew, you know, I’d… the 

shorter periods of time, more frequently worked better, I felt.” (P12) 

 “Start off with an hour a day and start over the week start increasing it. 

‘Cos if somebody jumps in straight away, they’ll probably be wrecked at the 

end of it.” (P2) 
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This was tempered somewhat by several participants reporting that instructions to gradually 

build up standing time was helpful: 

“It was a gradual process. So, you just start increasing the amount of time 

you’re actually standing. So, it’s, I guess, as a seamless motion through the 

eight weeks, as such, by the time you get to the eight [weeks].” (P2) 

“I think it was enough of a timeframe to get us used to standing and 

increasing it.” (P1) 

 

Moderate to vigorous physical activity may have been negatively impacted: 

“Normally I’d go up and down the stairs. So maybe that means my physical 

activity is reduced because I’m not going up and down the stairs anymore, 

so that might be an unintended effect from the study.” (P7) 

 

5.5.2.6 APEASE: Equity 

There was some indication of the negative potential for creating a 'haves' versus 'have nots' 

work environment: 

“Fundamentally, 'cos they [non-participating colleagues in the office] didn’t 

have the equipment available to them they couldn’t actually do much at their 

workstation.” (P8) 

“I think potentially the negative would be if, for example, you had someone 

in the office who suffered from back problems, etc., and couldn’t stand and 

everyone else could, it might create almost like an isolation effect on 

people.” (P8) 
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Balance of power may have affected decisions to stand. Self-consciousness about standing 

may have been minimal while using one’s personal sit-stand desk, but there were other work 

situations where doing so would be perceived as challenging authority: 

“Nobody was thinking differently about people who were standing. There 

was no stigma, or, you know, nobody felt they were exposed.” (P4) 

“It’s definitely changed my behaviour within the office, and if I didn’t have a 

standing desk, I think I would still be more conscious about moving.” (P13) 

“It [the meeting] would have been standing, well if he [my manager] was 

standing, yeah. Otherwise it was the fact that I have to stand, and he’s sat 

down and you can’t just sort of lean over him. So it’s like, OK, I’ll sit down 

for this and I’ll make the time up later.” (P10) 

Participants suggested testimonials would aid recruitment of those most sedentary:  

“I’m certainly not fit but I don’t know […] case studies with people that 

thought that and tried it and actually, ‘OK, […] right, I thought the same as 

you, and I didn’t think I could do it. But this is what I did, and it was absolutely 

fine.’.” (P13) 

 

5.6 Discussion 

Assessed via the APEASE criteria (Michie et al., 2014), the intervention was found to be 

highly acceptable to participants (Acceptability). The intervention and BCTs used were well-

tailored to the specific workplace and delivered as planned (fidelity).  Full engagement with 

all aspects of the intervention over the eight-week intervention period varied with individual 

preferences and workload (Practicability). The intervention had positive impacts on 
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musculoskeletal health, fatigue and concentration levels, and sitting habits 

(Effectiveness/cost-effectiveness). Cost of the desk was cited as a barrier to uptake and 

management buy-in (Affordability). The potential to aggravate back pain was the most 

commonly cited side effect of the intervention (Safety/side effects). Due to the expensive 

nature of the intervention, there was the potential to create a ‘haves versus have-nots’ 

situation where only those who can afford the desks have the opportunity to receive the 

health benefits.  However, the intervention may help sedentary workers stand and move more 

thereby reducing the ‘fitness gap’ (Equity).   

 

Effectiveness of an intervention is largely dependent on whether it is delivered and received 

as designed via the means intended (Bellg et al., 2004). Participants confirmed that computer 

prompts (BCT: prompts/cues), for example, were largely delivered as intended (fidelity) and 

useful for generating an awareness of their sedentary behaviour at work. It has been put 

forward that the first step in sedentary behaviour change may be to bring sitting into 

conscious awareness (Gardener et al., 2019). Though delivered as intended, participants 

talked about clicking away the computer prompt during high workloads, affecting fidelity. 

Furthermore, participants in the study described falling back on old habits of sitting when 

work demands increased, and that this fluctuated over time. Workloads are commonly cited 

in the literature as a barrier to sitting reduction during interventions (Chau et al., 2014; 

Dewitt et al., 2019; Hadgraft, Brakenridge, et al., 2018; Mackenzie et al., 2015). Sitting is 

generally perceived as a necessary means for completing one’s work therefore inadvertently 

reinforcing it (Gardner et al., 2019). Participants suggested the use of more invasive and 

engaging computer prompts to overcome the competing motivation to sit. Such prompts have 

been used in other studies successfully reducing mean arterial pressure, a proxy indicator of 

sedentary behaviour change (Mainsbridge et al., 2018; Mainsbridge et al., 2014; Pedersen et 
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al., 2014). Exertime®, for example, is a computer programme that locks the user out of their 

computer screen every 45 minutes with instructions to complete for 1-2 minutes of light 

activity like standing, walking, stretching or office exercises like chair squats (Mainsbridge et 

al., 2018; Mainsbridge et al., 2014; Pedersen et al., 2014). As change in sedentary time was 

not assessed for significance nor were sit-stand desks used in these studies, it is difficult to 

determine whether this kind of prompt would be effective for reducing sitting in multi-

component sit-stand desk interventions. Future research should look at ways interventions 

can motivate participants to overcome the competing attraction of work task completion, 

potentially via behavioural self-monitoring and/or non-specific rewards in addition to 

prompts and cues. 

 

Participants expressed individual preferences for completing certain tasks standing or sitting, 

meaning that there were still some barriers for reducing sitting time. Some of these tasks 

were of the manual sort (e.g., typing or using the mouse), and others were of the intellectual 

sort (e.g., reading and comprehension). The physical act of typing, for example, was 

perceived as easier to complete sitting down for some participants. This may be because it 

currently requires manual input from a keyboard and sitting provides better ergonomic 

support for the arm and wrist. Certainly, this was the case for mouse pad when standing as 

participants overwhelmingly described having to position their wrist at a ‘funny angle’. To 

increase the effectiveness of sedentary workplace interventions, addressing the remaining 

barriers to sitting less is key. Future studies should consider human-machine interface 

technologies (e.g., dictation software, trackpads) that would lessen the burden of manual 

input issues like typing and mouse use, which would in turn help those individuals who find 

this a barrier to achieving sitting time recommendations.  
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The intervention was well-tailored and practical for delivery in the workplace (Ojo, Bailey, 

Brierley, et al., 2019; Ojo, Bailey, Hewson, et al., 2019), but individual preferences impacted 

how participants engaged with the intervention. Previous research attests to the fact that 

people have different preferences for standing at sit-stand desks, breaking up sitting time, 

receiving feedback on behaviour, and how they ‘routinise’ their day (Dewitt et al., 2019). 

Multi-component interventions offer a way to address multiple levels of influence on 

behaviour by providing a variety of targeted BCTs, but they may not all be received as 

intended (Bellg et al., 2004; Murphy & Gutman, 2012). In the present study, for example, bi-

weekly emails [BCT: Social support (unspecified)] and education materials (Instruction on 

how to perform the behaviour, Credible source, Information about health and emotional 

consequences), though acceptable, were not well recalled. One explanation is that the 

majority of participants did not require these BCTs in order to perform the behaviour. One 

sit-stand desk intervention saw large standing time improvements (3 hours and 14 minutes) 

when participants were allowed to self-diagnose via the COM-B and receive tailored BCT 

advice to match (Dewitt et al., 2019). There are difficulties with this approach in that workers 

may receive additional and/or differing BCTs. This might be tempered somewhat by having a 

set of core BCTs all participants receive. The benefits of personalisation may outweigh the 

negatives, namely increased engagement with intervention components and ultimately, 

improved sitting reductions. Future interventions should include intervention components 

that allow for a more personalised approach to behaviour change while maintaining a core set 

of BCTs that all participants receive.  

 

From a cost-effectiveness standpoint, it is unclear how important environmental alterations 

are to achieving behaviour change and, ultimately, improved health outcomes. In the current 

study, sit-stand desks were highly acceptable in part because they gave users the freedom to 
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choose their working posture, and practicable because participants could actively work from 

them. Sit-stand desks have been identified as a key driver of behaviour change (e.g., Hadgraft 

et al., 2017). Indeed, sedentary time is largely replaced by standing in multi-component 

interventions incorporating sit-stand desks (Dewitt et al., 2019; Garland et al., 2018; Hadgraft 

et al., 2017; Leavy & Jancey, 2016; Zhu et al., 2018). The sit-stand desk BCTs used here, 

Adding objects to the environment and Restructuring the physical environment, frequently 

appear in promising interventions to reduce workplace sedentary behaviour (Gardner et al., 

2016) and improve cardiometabolic outcomes (Brierley et al., 2019). However, active 

workstations feature in the majority of sedentary workplace intervention systematic reviews 

(Brierley et al., 2019; Chau et al., 2010; Gardner et al., 2016; Shrestha et al., 2018) and thus 

frequencies reported might be down to overrepresentation. Participants reported that they 

would like to keep the sit-stand desks if their organisation purchased them, but participants 

expressed no intentions to privately purchase one themselves. Participants felt that 

management were unlikely to buy-in to sit-stand desks without demonstrated productivity 

benefits. Going forward, intervention research should identify the most cost-effective 

solutions to reducing workplace sitting time, with or without the use of sit-stand desks.  

 

5.6.1 Strengths and limitations 

Interviews were conducted with a highly educated, predominantly female, university staff 

sample which may limit the generalisability of the findings. However, the results provide a 

useful comparison with other post-intervention qualitative studies with similar demographics 

(Chau et al., 2014; Dewitt et al., 2019; Hadgraft, Brakenridge, et al., 2018; Mackenzie et al., 

2015). A strength of this study was a systematic approach using the APEASE criteria to 

understand intervention feasibility. Qualitative studies of sedentary behaviour in the past 

have largely used thematic analysis (Dewitt et al., 2019; Mackenzie et al., 2015; Zhu et al., 
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2018) or grounded theory (Grunseit et al., 2013) for understanding engagement with 

intervention resources. Inductive thematic analysis allows for a rich, detailed, and nuanced 

presentation of information (Braun & Clarke, 2006; Nowell et al., 2017). However, the 

process may not be as transparent in terms of assumptions made during analysis and how the 

analysis was carried out (Nowell et al., 2017). The present study applied initial codes to data 

items and then overlaid a deductive framework to aid transparency and rigor to the feasibility 

analysis. 

 

The scope of this study did not extend to examining the influence of the intervention on other 

health-related behaviour change besides the target behaviour, workplace sitting. During 

interviews there were indications that the intervention may have unintentionally motivated 

some participants to self-monitor their weight and change their nutrition and exercise 

behaviours. This would have implications for intervention health outcomes (like weight or 

blood pressure, for example) which could be confounded by participants changing multiple 

health-related behaviours at once. Research is needed to determine if sitting reduction 

interventions do invoke additional health-related behaviour change, and if so, what type(s) 

and how.  

 

5.7 Conclusions 

This theory-derived, multi-component, sit-stand desk intervention was highly acceptable to 

office workers, safe to deploy, and useful in reducing and breaking up sedentary time at 

work. Prompting software and sit-stand desks were effective at reducing sitting time, but 

additional BCTs like behavioural self-monitoring and/or non-specific rewards, for example, 

may be needed to induce and motivate participants to achieve sitting reduction levels in line 

with public health targets. Employees reported positive impacts of reducing sitting on 
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concentration levels and they appreciated having the choice to work sitting or standing at 

will. Affordability remains an issue with management buy-in likely to be tempered by 

perceived cost-effectiveness. Research is needed into how human-machine interface 

technologies might support further sitting reduction efforts. Making traditionally manual 

tasks like data entry less physically dependent on the keyboard and mouse would, by 

extension, remove the need to sit at a desk. Personal preference played a substantial role in 

how participants engaged with intervention components, demonstrating a need for more 

personalised approaches to sedentary behaviour interventions while maintaining fidelity to a 

core set of intervention BCTs. As a means of evaluating participant interviews from 

sedentary workplace interventions for acceptability and practicability, APEASE was a 

structured and insightful approach.
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Chapter 6: Perceived barriers and facilitators to reducing 

prolonged sitting in police staff: A qualitative analysis using the 

Theoretical Domains Framework and COM-B model (Study 3) 

 

This chapter has been submitted for publication as: Brierley, M. L., Smith, L. R., Bailey, D. 

P., Every, S. A., Staines, T. A., & Chater, A. M. (Submitted June 2020). Perceived barriers 

and facilitators to reducing prolonged sitting in police staff: A qualitative analysis using the 

Theoretical Domains Framework and COM-B model. Journal of Behavioral Medicine. 

 

6.1 Chapter overview 

Workplace interventions have shown promise for reducing sitting, but the majority have not 

been informed by theory. This study aimed to assess barriers and facilitators to reducing 

sitting time in non-operational, desk-based police staff. Ten police staff [eight female; 

39.5±11.5 years] took part in semi-structured interviews. Seven themes were identified 

inductively: 1) ‘Work tasks are seated’, 2) ‘Social norm is to sit’, 3) ‘Ability to regulate 

behaviour’, 4) ‘Knowledge of health risks’, 5) ‘Organisational support’, 6) ‘Impact on 

productivity’, and 7) ‘Autonomous behaviour’. These themes were then mapped deductively 

to the Capability, Opportunity, Motivation, Behaviour (COM-B) model and linked to the 

Theoretical Domains Framework (TDF). Capability related to knowledge of health risks and 

behavioural regulation, Opportunity related to norms around sitting and organisational 

support, and Motivation related to perceived outcomes and autonomy. Awareness of 

behaviour and health impacts; social and physical support to sit less; and habit formation; 

should be included in workplace interventions with police staff. 
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6.2 Introduction 

High amounts of sedentary behaviour are associated with poor health outcomes such as 

increased risk of cardiovascular disease, obesity, type 2 diabetes, some cancers, and 

premature death (Bailey et al., 2012; Chau et al., 2013; van der Ploeg, 2012; Wilmot et al., 

2012).  Furthermore, sitting for prolonged unbroken periods is unfavourably associated with 

cardiometabolic health, independent of total sitting time (Bellettiere et al., 2017). Regularly 

breaking up sitting time with standing or light activity improves cardiometabolic risk markers 

over a single day (Bailey et al., 2016, 2017; Bailey & Locke, 2015; Brocklebank et al., 2017; 

Dunstan et al., 2012; Maylor et al., 2019). Sedentary behaviour in the workplace can be 

operationally defined as prolonged sitting, with office workers sitting for 65-75% of their 

work hours, half of which is accumulated in unbroken bouts (Clemes, O’Connell, et al., 

2014a; Kazi et al., 2014; Thorp et al., 2012). Experts recommend that full-time, desk-based 

workers progressively replace half of their working day (four hours) with standing and light 

intensity activity (e.g., light walking), as well as engage in regular breaks from static seated 

or static standing work in order reduce the risk of developing these chronic diseases (Buckley 

et al., 2015). To reduce workplace sedentary behaviour, it is important to understand the 

theoretical underpinnings of behaviour change and how interventions might address these 

effectively (Cane et al., 2012; Michie et al, 2014).   

 

For a behaviour change intervention to have the greatest chance of success, it is crucial that 

the context in which the behaviour occurs is understood (Michie et al., 2014). Behavioural 

determinants can be derived from barriers and facilitators using the Capability, Opportunity, 

Motivation, Behaviour (COM-B; Michie et al., 2011, 2014) model from the Behaviour 

Change Wheel (BCW; Michie et al., 2011, 2014). The Theoretical Domains Framework 
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(TDF; Francis et al., 2012; Michie et al., 2005) can also be applied to further elucidate the 

psychological determinants of behaviour. These models allow for easier translation of theory 

into practice and have been used successfully in the past in the development of sedentary 

behaviour interventions (Dewitt et al., 2019; Munir et al., 2018; Ojo, Bailey, Brierley, et al., 

2019). From an efficacy standpoint, the intervention should be tailored to the target 

population and setting.  

 

Non-operational, desk-based police staff may have perceptions of barriers and facilitators to 

reducing prolonged sitting that differ from workers in other office settings such as retail, call 

centres, health, and information technology (Hadgraft et al., 2016). In a study of 5,527 British 

police force employees, at least 30% reported having mainly office-based duties, with 36% 

having mainly mobile roles, and 34% unclassified or missing (Gibson et al., 2017). The 

disciplined nature of the organisation and unique work tasks around public safety and solving 

crime, may lead to unique barriers and facilitators for police staff.  The aim of this study was 

to assess the perceived barriers and facilitators of reducing prolonged sitting at work in police 

staff. Insights and analyses using the TDF and COM-B model will provide a clear evidence 

base from which future interventions for police staff may be informed.  

 

6.3 Method 

6.3.1 Design 

This study employed a qualitative design to allow for in-depth, one-to-one insight into the 

phenomenon of workplace sitting. Semi-structured interviews allowed for the collection of 

unbiased information as opposed to focus groups, for example, where there may be the 

potential for certain individuals to pressure, influence or silence others into group thinking 

(Dimitroff, Schmidt, & Bond, 2005).  This study is reported in line with the COnsolidated 
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Criteria for REporting Qualitative studies (COREQ; Tong et al., 2018) (see COREQ checklist 

for this study in Appendix 16). Ethical approval was received from the University of 

Bedfordshire Institute for Sport and Physical Activity Research Ethics Committee 

(2018ISPAR014; see Appendix 15).  

 

6.3.2 Recruitment 

This study is part of a larger project of studies conducted with a regional police force in the 

United Kingdom [the Police Health and Wellbeing (PHeW) project]. A convenience sample 

of police staff at Bedfordshire Police were recruited between October 2018 – April 2019 

(Appendix 14). Invitation emails were sent by a researcher (JY) involved in the wider project 

to all participants who had recently taken part in a PHeW health and fitness assessment 

(Appendix 18). Interested individuals could click on a link in the email that took them to a 

secure website (Qualtrics Inc., Seattle, WA, USA) where the participant information sheet 

was provided (Appendix 13). After providing informed consent (Appendix 12), participants 

were contacted by the lead researcher (MB) for interview. There was no relationship between 

the potential participants and lead researcher prior to the study. It was disclosed during 

interviews that the researcher was designing an intervention for police staff. 

 

6.3.3 Eligibility criteria 

To be eligible, participants were required to be over 18 years old, work more than 0.6 full-

time equivalent hours, spend the majority of the workday seated, not currently pregnant, and 

able to walk. Participants had to have a desk-based role as defined by police human 

resources, not have taken part in a sedentary workplace intervention before, and not have had 

personal access to a height-adjustable workstation surface.  
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6.3.4 Materials 

6.3.4.1 Demographic survey 

All participants completed a 12-item online survey (Qualtrics Inc.) to provide demographic 

data including: job role, time in service, hours worked per week, age, gender, education, 

marital status, physical activity habits, medical conditions, perceived health, smoking status, 

and alcohol consumption. Age, gender, education, and physical activity questions were 

selected based on Bauman et al.’s (2011) epidemiological study of demographic correlates 

for whole day sitting time. Alcohol consumption items were worded according to National 

Institutes of Health guidelines (National Institute on Alcohol Abuse and Alcoholism, 2003). 

 

6.3.4.2 Interview schedule 

A semi-structured interview schedule was used based on prior work (Hadgraft et al., 2016; 

Ojo, Bailey, Hewson, et al., 2019; Waters et al., 2016) that was iteratively developed 

(Castillo-Montoya, 2016) to assess participants’ knowledge of the health risks of sedentary 

behaviour health effects, perceived barriers and facilitators for reducing sitting at work, and 

perceived impacts of reducing sitting time on productivity and work performance (Appendix 

17). The schedule was designed to facilitate a 25-50 minutes interview. Questions were 

initially pilot tested on two individuals with desk-based job roles (not involved with the 

study) and subsequently modified for clarity e.g. changing the wording from sedentary 

behaviour to sitting for ease of understanding.  

 

6.3.5 Procedure 

Interviews were conducted between November 2018 – April 2019. The organisation provided 

consent for access to staff for interviews during work hours at police headquarters. Informed 

consent was obtained from participants prior to interviews and data collection. All interviews 
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were conducted by a MB (a PhD candidate under the supervision of LS, DB and AC). A 

Tascam DR-05 dictaphone (TEAC Corporation, Montebello, CA, USA) was used to record 

all interviews. Interviews were transcribed verbatim by MB, TS and SE using Express Scribe 

software (NCH Software, Inc., Canberra, Australia) and an Infinity IN-USB-2 foot pedal 

(AltoEdge Pty Ltd., Colorado, USA). Transcripts were de-identified and anonymised prior to 

analysis.  Field notes were taken during the interviews with additional reflections recorded 

immediately afterwards as part of the reflective process (Braun & Clarke, 2006).  While an 

estimated sample size of 13 staff was made based on Francis et al. (Francis et al., 2010),  data 

saturation was agreed to have been met at 10 interviews after data immersion and regular 

discussions between MB and AC.  Interviews lasted an average of 46±11 minutes. 

 

6.4 Analysis 

Descriptive statistics are reported as means and standard deviations or 

percentages/frequencies. Interview data was analysed using NVivo 11.4.3 (QSR International 

Pty Ltd., Melbourne, Australia) using first an inductive approach, follow by a deductive 

mapping exercise to link to the TDF that could then be mapped to the COM-B. Inductively, 

unique themes were identified through the iterative process using thematic analysis (Braun & 

Clarke, 2006). Preliminary code names were assigned to descriptive code items and 

iteratively developed throughout the coding process by MB. Descriptive codes were then 

grouped into themes and iteratively refined. Preliminary code names and themes were 

checked for agreement by AC. Final themes were discussed and confirmed, initially with AC 

and then with the wider research team in order to reduce bias in interpretation of the findings 

(Keyworth, Hart, Thoong, Ferguson, & Tully, 2017). Twenty percent of transcripts (n=2) 

were blindly coded (by AC) using a final themes codebook (decided after four iterations). 

Inter-rater reliability before discussion and final agreement was good (91.7%). Identified 
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themes were then deductively mapped to the TDF and COM-B models by MB and checked 

by AC (Cane et al., 2012; Michie et al., 2014). Quotations from participant responses 

(identified by pseudonym, sex, and manager/non-manager status) were selected to illustrate 

key themes in the final results.  

 

6.5 Results 

6.5.1 Participants 

Participant characteristics are shown in Table 6.1. Participants represented a variety of 

different departments across the Force defined by human resources as non-operational and 

desk-based including: finance (n = 2), intelligence (n = 2), analytical services (n = 2), 

corporate (n = 1), management (n = 1), Force control room (n = 1), and victim services (n = 

1). 

 

The majority of participants (n=8) reported contracted working hours of 7.5 h/day, Monday-

Friday, with start times between 07:30-09:30. Flexible working hours were reported by six 

participants, meaning they could leave early on one day and make up the time later in the 

week. One participant described a shift work pattern consisting of 3 weeks of early shifts 

(8:00-16:00) followed by 1 week of late shifts (12:00-20:00). Another participant described 

working 12-hour shifts. 
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Table 6.1. Demographic characteristics of interviewed police staff (n=10) 

Characteristic Mean % or SD 

Sex (female) 8 80% 

Age (years) 39.5 11.5 

Years in service 10.4 8.2 

Hours worked per week 37.3 2.9 

   

Managerial duties   

Manage others 6 60% 

Do not manage others 4 40% 

Rank   

Non-ranked 8 80% 

Police Constable/Sergeant 2 20% 

Highest Education   

A levels or equivalent 3 30% 

University 6 60% 

Postgraduate qualifications 1 10% 

Married/civil status/cohabitation   

No 3 30% 

Yes 7 70% 

Exercise habits   

Never exercise 2 20% 

Less than 150 minutes/week 4 40% 

Equal to 150 minutes/week 2 20% 

More than 150 minutes/week 2 20% 

Health status   

Excellent 0 0% 

Very good 2 20% 

Good 5 50% 

Fair 3 30% 

Medical conditions   

High cholesterol 2 20% 

None 8 80% 

Smoking status   

Ex-smoker 1 10% 

Current smoker 3 30% 

Never smoked 6 60% 

Typical alcohol consumption   

Never drink 2 20% 

14 units or less 6 60% 

More than 14 units 2 20% 
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6.5.2 Themes 

Seven themes were inductively identified as barriers to breaking up and reducing prolonged 

sitting at work: 1) ‘Work tasks are seated’, 2) ‘Social norm is to sit’, 3) ‘Ability to regulate 

behaviour’, 4) ‘Knowledge of health risks’, 5) ‘Organisational support’, 6) ‘Impact on 

productivity’, and 7) ‘Autonomous behaviour’. These themes were then deductively mapped 

to theoretical constructs from the TDF. The COM-B model was then linked to these domains 

(Cane et al., 2012). Eventually, the findings from the COM-B/TDF can be used to inform a 

sedentary workplace intervention in police staff (see Figure 6.1).  
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Figure 6.1. Inductive themes identified from interviews with police staff mapped to COM-B 

and the TDF [figure adapted from Ojo, Bailey, Hewson & Chater, (2019)] 
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Inductive themes are presented in bold underline, with the TDF domains in bold and the 

COM-B constructs shown in [brackets]. Illustrative participant quotes are provided under 

each theme. 

 

1.  Work tasks are seated 

Environmental context and resources [Physical opportunity] 

Police staff unanimously described performing work tasks that tied them to the desk. 

Participants described the realities of police work being more desk-based than field-based 

these days. Overwhelmingly, this was due to the fact that most work was on the computer, 

although not everyone felt static during the day.  

“The minority roles in the police are putting on a uniform and rushing around 

in blue lights. That’s what I used to do, but that’s the minority. The rest is 

behind-the-scenes places like what you can see here in offices, and that’s sat 

down doing work.” (P5, male, non-manager) 

 “I think it’s all dependent on what needs to be done… look… you know, and 

obviously it needs to be done on the computers. So that keeps you at your 

desk.” (P7, female, manager) 

Participants described typical office set ups: 

“…no like standing desk options or anything like that.” (P1, female, non-

manager) 

“Sometimes you can be in [meeting] rooms and they’re rammed. So if you 

were standing you might be blocking someone else’s view or like it’s difficult 

to get out or it’s not physically possible.” (P8, female, manager) 
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However, standing workstations were observed in at least one shared space: 

“The whole thing [forensic room with standing options] is virtually brand 

new. It’s been in the last year or two it’s been built.” (P5, male, non-manager) 

Participants described having nearby toilets, meeting rooms, and kitchen facilities for making 

coffee and tea. However, the close proximity of these (generally within or just next to the 

office room), was sometimes positively perceived as an excuse for a short break, and 

sometimes perceived as a lost opportunity for incorporating more movement during the 

workday.  

“In our office we’ve got a kettle in the room, so we don’t tend to have tea 

breaks or anything. We’ll just get up and make a drink, which again, it’s not 

far from my desk so I do get up, but like from here to you ((gestures across 

booth)) ((laughs)) to the kettle make a cup of tea and then sit back down 

again.” (P8, female, manager) 

“The toilets are not far but you do have to do a bit of a walk to get to them. So 

that’s good in a way because it just gives you that little break sometimes that 

you need.” (P1, female, non-manager) 

Necessary security clearance led to micro breaks away from the desk in order to greet 

visitors, however, access restrictions may contribute to reduced movement overall. In a 

similar vein, participants talked about digital security clearance and sluggish software that 

kept them waiting, and therefore sitting, for longer.  

“‘Cos our office is a secure office, every time someone rings or knocks on the 

door, because I’m closest, I have to get up and get it. Which does help with 
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the standing ‘cos some days - other than going to the toilet - that’s probably 

the only time I get up ((laughs)).” (P8, female, manager) 

“This new computer system… that they’ve brought in, it has a massive impact 

on how we do our day-to-day business because it’s made it more drawn out.” 

(P18, male, manager) 

However, participants were wary of the potential cost implications to the Force: 

“We’re trying to save money so I couldn’t see that being an option at this 

moment in time.” (P7, female, manager) 

2. Social norm is to sit  

Social influences [Social opportunity] 

Office culture was perceived as synonymous with sitting due to social norms. Participants 

reported working through lunch at their seated desk because that is what they saw everyone 

else doing. 

“Like, the managers especially, they’re predominately just sitting most of the 

day. […] I think maybe just the work they do. They have a lot of work to do so 

maybe they’re just trying to crack on with it.” (P3, female, non-manager) 

 “I have people under me, and they see me eating my lunch at my desk, so yeah 

I think there needs to be a bit of a cultural shift on that one.” (P2, female, 

manager) 

The influence of others during meetings also presented a barrier to behaviour change. 

Participants who attended meetings reported that sometimes there had been good intentions 

in the past to incorporate standing or breaks. However, at some point there had been a 
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breakdown in routine, like when a supervisor left, or a once-short meeting lasted longer than 

anticipated.  

“…you’d feel a little bit self-conscious, just kind of standing. Like drawing 

attention to yourself.” (P8, female, manager) 

“Our initial head of service who’s now left and he was quite rigid in the way 

he wanted things. So he wanted it to be like a standing fifteen minute daily 

meeting and since he’s left that has now reduced to twice a week and a handful 

of people will stand, but most people just sit ‘cos sometimes it can go on for a 

while. If you are standing, you’d eventually get a chair and sit down.” (P3, 

female, non-manager) 

Participants talked about the social awkwardness of standing in meetings and not being able 

to stand or move unless given permission. When asked who should initiate or be in charge of 

breaks from sitting during meetings (and work in general), participants felt that it should be 

down to the chair of the meeting or someone in authority. 

“No, not really. Unless they say, ‘Oh, we’ll take a leg stretch,’ which is a quick 

trip to the ladies and back again.” (P2, female, manager) 

“Maybe the chair [of the meeting]? Or someone like that that’s, you know...” 

(P8, female, manager) 

3. Ability to regulate behaviour 

Intentions [Reflective motivation], Goals [Reflective Motivation], Beliefs about 

consequences [Reflective motivation], Beliefs about capabilities [Reflective motivation], 

Optimism [automatic and reflective motivation] 
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Participants often expressed reasons to change their behaviour and belief in their capabilities. 

They described times in their workday for breaks away from the desk, but they were also able 

to identify missed opportunities for reduced sitting.  

 “I just try and, you know, remind myself to get up. And I think fortunately I 

do sort of tend to get quite thirsty so I do tend to naturally want to drink at 

least probably once an hour […] I'm getting up and, you know, even if it’s just 

walking out to the kitchen to get a coffee or a water.” (P7, female, manager) 

“I think in our office, I think we do understand. And I do stand up and walk 

over to the window, have a look out and then put the kettle on and… But it’s 

only a minute, two minutes. It’s not for any great amount of time and we do 

have room in our office to walk up and down a little bit, which we do quite 

frequently.” (P2, female, manager) 

However, not all employees felt the same way about changing their sitting behaviour, 

sometimes admitting, ‘what’s the point?’ They felt like it would be too much effort and/or 

not make any difference to their physical, mental or social wellbeing to get up versus stay 

sitting. 

 “I think I tend to get lazy […] I just sometimes feel like ‘oh, like, what’s the 

point?’ like ‘I might as well stay sitting here.’ My colleagues would be like, 

‘oh, you know, do you want to come down?’ And I’d be like, ‘can’t be 

bothered’. So yeah, just sometimes doesn’t feel like there’s any point.” (P3, 

female, non-manager) 

There was some ambivalence about changing sedentary behaviour at work and much of that 

was down to ingrained habits. One participant expressed preference for daily on-site exercise 

class provision as a means to reduce sitting time. Having a reason to be away from the desk 
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at a predictable time each day would establish a routine that would benefit the person as well 

as establish reasonable work expectations. 

“I think it would just take a bit if time to get into like a new routine, I suppose. 

'Cos obviously, when you’ve been doing something for so long you just have 

to break that habit, don’t you?” (P3, female, non-manager) 

“It’s easier because it becomes part of your routine then, and it’s easier to fit 

it in because everyone knows ‘oh where’s [participant’s name]?’ ‘Oh, she’s 

doing her Pilates. She’ll be back in an hour or whatever.’ It would just be 

easier.” (P14, female, manager) 

 

4. Knowledge of health risks 

Knowledge [Psychological capability]; Memory, Attention & Decision Processes 

[Psychological capability]; Behavioural regulation [Psychological capability] 

The overall knowledge of health risks was largely limited to long term musculoskeletal issues 

(e.g., overuse injuries, back pain). Few participants mentioned the impacts of prolonged 

sitting on cardiometabolic health and when prompted, could not recall much information 

apart from weight gain.  

“Anyone who comes straight outta university now, straight into an office job, 

they come into our office, they’re gonna be sat and they’re gonna have the 

complications with the skeletal earlier than I have done.” (P2, female, 

manager) 
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“If you’re sitting for long periods of time you’re not moving, you’re not using 

any energy, or producing… Like your metabolism’s not working and stuff like 

that, so I don’t know if it does?” (P11, female, non-manager) 

Some participants had knowledge of the potential benefits for wellbeing and work 

performance (i.e., concentration and energy levels), but often described having trouble 

remembering to get up. 

“Sometimes it, the time, just honestly, the time just goes, and you don’t know 

that you’ve been sat there for a whole hour and a half.” (P11, female, non-

manager) 

“I have to sort of try and remember to get up every hour or so to walk around. 

That’s what one thing I'm guilty of. Sometimes I sit here without moving for a 

long time.” (P7, female, manager) 

5. Organisational support  

Social influences [Social opportunity] 

Participants were positive regarding how the Force looks after employees who require 

changes to their way of working, but they also perceived that this was of very individual and 

reactive nature rather than preventative. Pathways of access to occupational health, identified 

by participants as a potential information source for sitting recommendations, were not 

consistent across departments and proved to be a barrier for some individuals.  

“I’ve seen one person on our corridor who has one [a sit-stand desk], but I 

think he was involved in some sort of on-duty accident so I s'pose the Force 

feels that they need to do that.” (P2, female, manager) 
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“Anyone can request a workstation assessment. […] To be honest, the 

[person] that used to do it has just left, so I don’t really know who it is. So 

maybe it would help if we knew who the people were, 'cos I’d have to go 

searching for someone at the moment, I think. But there are people around.” 

(P2, female, manager) 

It was acknowledged that the Force had provided information about prolonged sitting and 

suggestions of how to reduce it, however, participants felt a lack of organisational and 

occupational support for following the advice (i.e. lip service). Group initiatives were a 

suggested solution. 

 “It says [reading a nearby A4 wall poster], ‘vary your activity to reduce 

fatigue, get a drink, talk on the phone with a colleague, stretch, and take a 

short walk for a few minutes every hour.’ See, that’s there. But who does it?” 

(P2, female, manager) 

 “I think if you did it like as a whole group… like as a group… to make 

everyone else aware of it, you know, I'm sure that it would help everybody.” 

(P11, female, non-manager) 

6. Impact on Productivity  

Beliefs about consequences [Reflective motivation], Intentions [Reflective motivation], 

Goals [Reflective motivation], Reinforcement [Automatic motivation], Professional/social 

role and identity [Reflective and automatic motivation] 

Participants expressed productivity concerns when it came to adding objects like seat cycles 

or treadmill desks because of fears that the physical effort might be distracting for work 

completion.  
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“Maybe it would be hard to work, and think, like, ‘keep cycling’ kind-of-

thing.” (P1, female, non-manager) 

Sit-stand desks were perceived favourably as one could continue working but in a different 

(static) posture.  

“I feel like it [a sit-stand desk] could maybe boost my productivity because 

it’s a change in like the way I’m working, if that makes sense? So, it’s not like 

a change in the environment but it is… stimulate me a bit more so […] I can’t 

really say but I think it might have a positive impact.” (P3, female, non-

manager) 

Breaking up sitting time during the day was perceived as a useful break from 

prolonged concentration with the potential to improve productivity and 

wellbeing. 

 “I don’t think anyone thinks that there’s any lack of productivity and possibly, 

if we think about being more productive, if we have a break, I don’t think that 

would come into it. I think it probably would be as productive if not more 

productive and also benefits, well, it’s a positive all around. It’s a win-win 

situation, isn’t it, that you know employees might feel less stressed.” (P2, 

female, manager) 

However, in spite of the acknowledged benefits of breaking up sitting time, participants 

described ‘engrossing’ work tasks as a barrier. Participants worried that they would fall into 

usual habits to complete work on time partly because they had never been taught or shown 

another way of working, and partly because of a shared mentality of ‘get your head down and 

get on with it’.  
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“I think it’s because the work’s more intense here and you have to concentrate 

a lot more because you are producing factual figures you know, for the public 

to see. So, it is really important that you actually get everything right. So, I 

think that’s why we tend not to move, 'cos you get engrossed in a piece of 

work.” (P11, female, non-manager) 

“I used to get out of work thinking, ‘I’ve done a really good day’s work’. But 

now we’ve got so much on that we’re firefighting and you just say, ‘I’ll do a 

little bit of that and then I’ll do a little bit of that, then I’ll keep that at bay’. 

So we do tend to… It’s not as satisfying as it used to be.” (P2, female, 

manager)  

Part of the difficulty in estimating the impact of sitting reduction on work output was that 

productivity as a concept was hard to define for participants.  

“Ours is a difficult one because there’s so many meetings and some days you 

can do, but I think generally, having done what I need to do, I would have 

liked not having any complaints.” (P8, female, manager) 

Regardless of the department, police staff talked about urgent work tasks. Custody cases, for 

example, require that an arrested individual be charged with evidence within 24-hours or be 

released. Freedom of information requests impose a sense of constraint on how employees 

manage their time. Force control room employees handle 999 emergency calls, and Crime 

Bureau makes decisions based on real-time intelligence. Kidnapping and missing persons 

cases are a feature of police work and due to their time sensitive nature take precedence over 

other priorities (work, health, or otherwise).  

“Sometimes we have jobs on where we have people in custody and we, as you 

know, you get like the twenty-four hours. So everyone’s trying to work gather 



 183 

evidence and it all gets pretty crazy.  It’s like, yeah, fast paced.” (P1, female, 

non-manager) 

“For police environments full stop, whether it’s CID or whether it’s in here 

or in the child abuse team, it’s ninety percent of the time, well I suppose if we 

had the will power to listen to the thing [a break timer] we'd be alright doing 

it, but there’s always going to be that one time out of ten when we’re in the 

middle of an urgent case with a child at risk and it comes up and we’re gonna 

remove it.” (P5, male, non-manager) 

“Freedom of information requests, they have a deadline 'cos they’ve got to get 

back.” (P2, female, manager) 

7. Autonomous behaviour 

Beliefs about consequences [Reflective motivation]; Intentions [Reflective motivation]; 

Reinforcement [Automatic motivation]; Optimism [Reflective motivation] 

Participants perceived that by virtue of them being trusted to manage their own workload, 

they were likewise trusted to manage their own breaks from sitting.  

“We’re not monitored for breaks and stuff like that, you know. We’re trusted 

to take whatever, and we don’t like have a clock in system or anything like 

that.” (P11, female, non-manager) 

“Because of our role we’re very much, kind of, self-managed.” (P8, female, 

manager) 

Participants were unsure about whether breaking up and/or reducing their sitting time would 

be acceptable to management. This was largely due to concerns that individuals might abuse 

the system by taking excessive breaks if sitting reduction was encouraged.  
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“It comes back to the lovely people who abuse the situation. Just use it to get 

out of doing work you know which would be down to individual local 

supervisors to make sure that that doesn’t happen.” (P2, female, manager) 

“I want don’t want people to think that I'm taking the mickey and having an 

extra break that they're not having.” (P11, female, non-manager) 

“It’s assuring the workforce that the managers are ok with this.” (P2, female, 

manager) 

When asked if they felt they could reduce their sitting time participants were often optimistic: 

 “I think that if it was what I wanted to do then I’d just do it whatever and I 

wouldn’t worry so much.” (P4, female, manager) 

Participants generally perceived healthy sitting behaviours to be a responsibility shared 

jointly by the individual and the organisation, with slightly more onus on the individual.  

“I think ultimately you are responsible for yourself  because you know, for 

example, if you if I hadn’t told anyone about my back problem I’d you know I 

can’t blame the organisation for my chair not helping because I didn’t 

mention it.” (P7, female, manager) 

“They’ve [the Force] not necessarily said ‘oh, you have got to sit at your desk 

for seven and a half hours a day and you cannot move’ and even if when it’s 

your lunchtime ‘you can’t come downstairs’, do you know what I mean? 

((laughs)). I mean that that for me again, it’s a choice. For that half an hour 

I tend to sit at my desk and eat my lunch and look at my phone and that’s my 

choice to do that. I could get up and go for a walk, but I don’t ((laughs)).” 

(P11, female, non-manager) 
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“There is a slight onus potentially on people’s supervisors or colleagues to go 

‘do you know you haven’t moved for four hours?’ ((laughs))” (P8, female, 

manager)  

On an individual level, participants were motivated to change posture due to musculoskeletal 

discomfort. 

“More people might choose to stand if they suddenly feel like they’re 

slouching or their back hurts.” (P1, female, non-manager) 

In some cases, the older participants perceived excessive sitting as a threat more so than the 

younger ones. In other cases, the older generation was perceived by younger employees as 

being ‘set in their ways’.  

“I think yeah awareness at an early age but then again everyone thinks ‘oh 

well. Oh, it won’t happen to me. I'm only in me twenties. I don’t need a 

pension, I don’t need exercise, I don’t need to watch the way I sit or what I 

eat’, you know?” (P2, female, manager) 

“I don’t think anyone’s overly bothered by it maybe.  And it’s… a lot of them 

are older as well and they’ve sort of just done that all of their lives.” (P1, 

female, non-manager) 

Individuals who had served longer with the Force were perceived as not having any 

intentions to work differently. 

“[My colleague] who I sit opposite, she tends not to move at all, like very 

rarely. […] And there’s another guy in the office who doesn’t really move 

either so I just, so I think that’s… they’ve just got used to being like… 'cos 

they’ve been there for so long.” (P11, female, non-manager) 
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6.6 Discussion 

The main barriers and facilitators to breaking up and reducing sitting time at work for police 

staff were classed into seven core themes: 1.) ‘Work tasks are seated’, 2.) ‘Social norm is to 

sit’, 3.) ‘Ability to regulate behaviour’, 4.) ‘Knowledge of health risks’, 5.) ‘Organisational 

support’, 6.) ‘Impact on productivity’, and 7.) ‘Autonomous behaviour’. These inductive 

themes were associated with five out of six constructs from the COM-B model: 

psychological capability, social opportunity, physical opportunity, reflective motivation, and 

automatic motivation. Though not identified as a barrier, participants talked about feeling 

physically capable of reducing their sitting time. Further deductive mapping onto the TDF 

identified the following nine domains: Memory, attention and decision processes; 

Behavioural regulation; Knowledge; Social influences; Beliefs about consequences; 

Environmental context and resources; Professional/social role and identity; Intentions; and 

Optimism, Goals, and Reinforcement.  

 

1.) ‘Work tasks are seated’ [PHYSICAL OPPORTUNITY] 

Physical opportunity centred on environmental context and resources available to police staff. 

A barrier to sitting less was that the greatest single physical resource available to police staff 

for completing their work was the computer; a finding consistent among other office workers 

(Cole et al., 2015; Nooijen, Kallings, et al., 2018; Waters et al., 2016). Sit-stand desks may 

be perceived to be a ‘key driver’ of reductions in sitting, but decisions to sit or stand have 

been found to still be largely dependent on the task being performed and/or the situational 

context (Hadgraft et al., 2017). The findings from the present study support this in that 

participants described seated work tasks, sluggish software, and security protocols that 

reinforced sitting. Natural breaks away from the desk for drinks or the restroom were 
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recognised as facilitating some movement during the workday. Given the reticence expressed 

over costly environmental additions, it may be better to consider low cost alternatives that 

make use of the available physical opportunities for increased movement and reduced sitting. 

For example, prompts/cues are often used in conjunction with active workstations, but can 

also be effective on their own for breaking up prolonged sitting (Evans et al., 2012; 

Mainsbridge et al., 2018; Mainsbridge et al., 2014), thereby presenting a less expensive 

alternative. A low-cost intervention in police staff should look to incorporate prompts/cues 

(via apps or computer software) without the need to rely on expensive equipment. 

 

2.) ‘Social norm is to sit’ [SOCIAL OPPORTUNITY] 

Participants cited social influences as a strong reason for their sitting behaviour at work. 

Norms around sitting, meetings, the cost to the organisation, and lip service were all 

mentioned as barriers to breaking up sitting at work. Participants described an office culture 

complicit with prolonged sitting. With regards to meetings, the perceived rules in social 

settings were reported as a barrier to standing, though there was evidence that those rules 

could be navigated by employees or even altered by meeting leaders. Mansfield et al. (2018) 

reported on the experiences of those who stood in normally seated meetings and found that 

two of the four major themes were related to social influence: standing as norm violation and 

standing as appropriation of power. Unspoken rules about what is acceptable behaviour and 

the power of body language conveyed to others by standing (seen as powerful if you are the 

meeting leader, and as challenging authority if you are not) indicate that social opportunity is 

a strong component of behaviour decisions in workplace meetings (Mansfield et al., 2018). 

The findings from the present study support this in that meeting leaders were identified by 

participants as best placed to initiate sitting reduction strategies during meetings. Participants 

perceived that the Force is more reactive than proactive in addressing the effects of prolonged 
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sitting, suggesting a lack of organisational buy-in. One contributing reason may be that the 

organisation is not fully aware of their employees’ own barriers and facilitators for reducing 

workplace sitting time. Therefore, to address an office culture complicit with sitting, 

interventions with police staff should address perceived social norms by having those in 

authority provide social support by involving them as role models for the behaviour and 

having them provide information about approval. Interventions should aim to establish new 

social norms around sitting using social comparison to advantage by having participants 

break up and reduce prolonged sitting together as an office or in teams. 

 

Looking to wider social influences on the organisation, public spending scrutiny may have 

led to decreased prioritisation of health and wellbeing initiatives. A lack of confidence in 

organisational buy-in along with cost were cited by participants as barriers to sitting 

reduction efforts like purchasing sit-stand desks. In the public sector, management influences 

on employee participation and compliance with sedentary behaviour reduction interventions 

has not been reported.  An intervention to frequently break up sitting time during the 

workday with short bursts of non-exercise physical activity in emergency management 

employees reported a reduction in compliance with the programme after 12 months; only 

41% of participants were still enrolled in the study by that timepoint (Mainsbridge et al., 

2018). However, as measures of social influence were not reported it is unclear what role the 

social environment of this publicly funded organisation may have played in participation 

rates. In the private sector, employee participation in a shared treadmill desk intervention fell 

when manager participation declined (Tudor-Locke et al., 2014). Management buy-in 

appears to be an important influence. Researchers should seek to recruit managers as well as 

employees for intervention participation to demonstrate clear management support for sitting 

reduction efforts.  
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3.) ‘Ability to regulate behaviour’ [PSYCHOLOGICAL CAPABILITY] 

Psychological capability was lacking with regard to memory, attention and decision 

processes; as well as the ability to regulate behaviour. The present study identified that police 

staff lacked skills for breaking up sitting time, such as the ability to effectively action plan for 

sitting reduction and remembering to take breaks. This is in line with previous findings 

among other office workers (Ojo, Bailey, Hewson, et al., 2019). Providing information on 

expert guidelines (Buckley et al., 2015), supporting employees with goal setting for 

behaviour, and providing memory aid resources such as prompts/cues should be included in 

future interventions with police staff.  

 

4.) ‘Knowledge of health risks’ [PSYCHOLOGICAL CAPABILITY] 

Knowledge of health problems associated with excess sedentary behaviour was limited 

mostly to musculoskeletal health and weight gain, but not cardiometabolic health markers. 

Participants acknowledged natural breaks were helpful in minimising some health effects like 

back pain and fatigue, and for facilitating social interaction; similar to findings among other 

office workers (De Cocker et al., 2015; Gilson et al., 2011; Hadgraft et al., 2016). Police staff 

were also not clear on sitting time recommendations. Previous evidence suggests that lack of 

knowledge about sitting guidelines may be why device-measured behaviour in office workers 

does not reflect sedentary behaviour recommendations (Ryan et al., 2011).  Furthermore, 

Ryan et al. (2011) suggest that some sitting recommendations, like getting up every 20 or 30 

minutes, may not be achievable in the workplace setting, although they did not explain why 

this might be. More real-world studies trialling frequent postural change strategies are needed 

to understand how this might pragmatically work in practice. Furthermore, providing 

information about the cardiometabolic health consequences of prolonged sitting, and the 
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mental health and social benefits of reducing it, should be considered in future interventions 

with police staff. 

 

5.) ‘Organisational support’ [SOCIAL OPPORTUNITY] 

Managers and employees, alike, in the current study felt they could not be seen to reduce 

their sitting as they would be perceived as shirking their work. A similar ‘culture of 

expectation’ where work explicitly means sitting down has been found among software 

engineers (Cole et al., 2015). Workplace culture has been shown to influence sitting 

behaviour via the dynamic interplay between an organisation’s values, underlying 

assumptions, and behaviour (Such & Mutrie, 2017). A whole systems approach is therefore 

needed to address the visible (e.g., actions, policy) and not-so-visible (e.g., beliefs about 

consequences) influences that act to reinforce a sedentary work culture (Such & Mutrie, 

2017). Having employees work together for a ‘shared purpose’ around sedentary behaviour 

change goals may begin to address not only the visible (e.g., actions) but not-so-visible (e.g., 

beliefs about consequences) influences on sedentary behaviour (Such & Mutrie, 2017). In 

future, interventions with police staff should be team-based with shared goals around sitting 

reduction. 

 

6.) ‘Impact on productivity’ [AUTOMATIC MOTIVATION] 

Sitting was often performed out of habit by participants, which is consistent with previous 

studies (MacDonald et al., 2018; Nooijen, Kallings, et al., 2018). One explanation for this is 

that sitting is a lower-level action having more in common with actions like ‘typing’ than a 

higher-order action like ‘work completion’ (Gardner et al., 2019). The higher order action has 

greater meaning and importance to the employee, whereas sitting is a means to an end; like 

typing, it is a necessary behaviour for completing one’s work, but does not necessarily hold 



 191 

meaning on its own. The rewards and incentives associated with work completion (i.e., 

getting paid, promotion opportunities, and the satisfaction of work completion) serve to 

reinforce the prolonged sitting habit. Changing sitting habits therefore may require first 

bringing the behaviour into active consciousness before new habits can be established 

(Gardner et al., 2019). This strategy has been used successfully in the past to increase stair 

use, for example, with point-of-decision posters prompting individuals to forgo the lift in 

favour of taking the stairs (Nocon et al., 2010). Strategies that consciously exploit naturally 

occurring opportunities to substitute new behaviours for old (like pacing when on the phone, 

taking the stairs instead of the lift) have been used in previously successful multi-component 

interventions that have reduced workplace sitting (Edwardson, Yates, et al., 2018; Healy et 

al., 2017). A multi-component intervention to bring prolonged sitting into conscious 

awareness (e.g., prompts/cues), substitute new behaviours for old (e.g., standing and/or light 

physical activity for sitting), and reinforce new habits (using rewards and/or incentives), 

should be evaluated in police staff. 

 

7.) ‘Autonomous behaviour’ [REFLECTIVE MOTIVATION]  

Participants were conflicted about their own responsibilities for health while at work, 

suggesting that the TDF domain of professional/social role and identity was influencing 

sitting behaviour in the workplace. For example, managers expressed concern that their 

authority would be questioned should they be seen to be taking breaks. Despite this, 

participants held generally positive beliefs about their capabilities to reduce sitting time, but 

like in other studies with officer workers, suffered from laziness or lack of intention 

(MacDonald et al., 2018; Ojo, Bailey, Hewson, et al., 2019). Similar to other office workers, 

part of this stemmed from participants wanting a definite reason for moving away from the 

desk (Cole et al., 2015). Previous studies addressed this by locking workers out of their 
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screens every hour and directing them to do short bursts of standing or light intensity 

physical activity (Mainsbridge et al., 2018;  Mainsbridge et al., 2014). Unfortunately, these 

studies did not report on changes in sedentary behaviour, although there were improvements 

in mean arterial pressure (Mainsbridge et al., 2018;  Mainsbridge et al., 2014). Police staff 

would benefit from an intervention that delivers BCTs on goal setting and action planning to 

bolster intentions to frequently break up workplace sitting time (e.g., three minutes every half 

hour) and replace that time with standing or light physical activity. 

 

Uncertainty about how colleagues would view their attempts to reduce sitting was a barrier 

for police staff employees. Additionally, it was suggested that managers would need better 

training in how to monitor and curb abuses of any plan to reduce sitting time, possibly with 

the use of rewards and/or threat. Changing intentions to sit less at work in police staff may 

thus require an intervention that addresses strongly held beliefs about the social consequences 

of sitting behaviour change.  

 

6.6.1 Limitations 

Physical capability was not identified as a barrier to reducing sedentary behaviour in this 

study; most likely due to only including participants that were ambulatory (Ojo, Bailey, 

Hewson, et al., 2019). In addition, this study was limited to police staff and may not be 

generalisable to other policing roles. There are many roles in policing that potentially 

experience high levels of sitting due to travel, paperwork completion, interviews, site visits, 

or court; thus, similar research needs to be conducted in these occupational subgroups (e.g., 

police officers) to understand their barriers and facilitators to reducing sitting time. 
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6.7 Conclusions 

Based on the findings of this study, an intervention to break up and reduce prolonged 

workplace sitting time in police staff should focus on social opportunity and norms around 

sitting, education about the health risks, increasing awareness of sitting time, and prompting 

behaviour change. Rewards and incentives may be necessary to help reinforce new habits and 

change automatic motivation towards sitting. Environmental changes were perceived 

favourably, but with minimal confidence as to feasibility due to the organisation being a 

public entity. A low-cost, theory-driven, multi-component intervention incorporating these 

suggestions is thus recommended for police staff.
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Chapter 7: Using the Behaviour Change Wheel to design a 

sedentary workplace intervention for police staff 

 

7.1 Introduction 

The final intervention was comprised of 20 BCTs delivered to police staff via a blend of 

face-to-face and distance delivery modes (see Table 7.6). Development of this intervention 

was based on interviews with police staff (Study 3) and supported by findings from the 

systematic review (Study 1), as well as informed by lessons learned from a former office 

workplace intervention evaluation (Study 2). As discussed in Chapter 2, the target behaviour 

of workplace sitting reduction requires a multi-component approach with multiple modes of 

delivery to support such a behaviour change. Multi-component interventions (ones that 

incorporate individual, organisational, and environmental changes) have been found to be 

more effective than single component interventions for sedentary behaviour reductions (Chu 

et al., 2016; Shrestha et al., 2016). Furthermore, the multi-component approach is likely to 

demonstrate greater effects than single component interventions (Neuhaus, Healy, Dunstan, 

Owen, & Eakin, 2014) and is consistent with best practice for complex interventions (Craig 

et al., 2019; Medical Research Council, 2000; WHO, 2010). The current intervention builds 

on the components evaluated in Study 2 (e.g., education provision, email newsletters sent by 

managers, use of clusters) which were perceived as acceptable and feasible by participants in 

helping them significantly reduce their workplace sitting time. Detailed understanding of 

their experiences helped shape the selection of appropriate BCTs and modes of delivery. The 

first aim of this chapter was to screen, using the APEASE criteria, candidate intervention 

functions and policy categories informed by interviews with the target population in Study 3 
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(Chapter 6). The second aim of this chapter was to confirm the selection of behaviour change 

techniques (BCTs) and modes of delivery using the APEASE criteria (see final results in 

Table 7.6). Support for the current intervention is presented first followed by the results of 

the 8-step process in the Behaviour Change Wheel. 

 

7.2 Support for the present intervention: incorporating lessons learned 

from Studies 1, 2 & 3 

A blended approach to BCT implementation via face-to-face and distance modes of delivery 

was judged to be the best method for this intervention as has been done in previous multi-

component interventions (Healy et al., 2017; Edwardson et al., 2018). The importance of 

organisational support was a key theme identified in Study 3 (police staff interviews). Police 

staff expressed a disillusionment with past initiatives that were perceived to pay lip service to 

health promotion. “Assuring the workforce” of management’s support and commitment to 

enabling behaviour change were addressed in two ways: first, by providing an initial face-to-

face group workshop during paid work hours, and second, by having employees from the 

same office participate in teams of three. Other components of the intervention were best 

delivered in distance format at the population-level for efficiency’s sake. For example, group 

emails conveyed competition results and management approval for breaking up sitting time. 

Other components, like the QR codes and electronic prompts, were delivered at a distance but 

accessed individually. Finally, some BCTs were best delivered via population-level print 

media delivery (behaviour change booklets). This blended approach aimed to address the 

seven key themes identified in Study 3 in order to best deliver the BCTs as intended. 

 

Understanding how participants perceive intervention components is crucial for accurate 

mapping of the mechanisms of action. Study 2 provided invaluable insights into how workers 
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perceived and engaged with intended BCTs in a multi-component sit-stand desk intervention. 

Two BCTs present in that study which are clearly absent from the current intervention were 

‘Adding objects to the environment’ and ‘Restructuring the physical environment’ (i.e., sit-

stand desks). These relate to the intervention function ‘Environmental restructuring’, which 

was earlier deemed not practicable nor affordable under the APEASE criteria (see Steps 5 

and 6 below). In Study 3 (police staff interviews), it was learned that not only would adding 

objects like active workstations be prohibitive cost-wise to the organisation, but that current 

office arrangements like numerous screens and office layout make this an impractical 

solution at this time. Although Study 2 (interviews with former intervention participants) 

demonstrated it is clearly acceptable and feasible to replace some sitting time with standing at 

a sit-stand desk when combined with electronic prompts, education, and support emails, 

retrospective accounts suggest that the sit-stand desks acted more to bring sedentary 

behaviour into awareness and less to actually initiate behaviour change. Furthermore, the 

return on investment (11% reduction in work sitting time) with little evidence for long term 

behaviour change (Shrestha et al., 2016) will limit management buy-in for sit-stand desks, 

especially in the public sector where spending is subject to open scrutiny. Therefore, it may 

be more cost-effective to first establish new habits around prolonged sitting.  

 

It is important to note that the multi-component, sit-stand desk intervention from Study 2 was 

effective at reducing the number of sitting bouts lasting less than 30 minutes, but not for 

prolonged bouts (≥ 30 minutes). The intervention developed here builds on the components 

evaluated in Study 2 by pairing them with the explicit message to break up prolonged sitting 

every 30 minutes. Following this routine would result in a 48-minute aggregate decrease in 

sitting time over an 8-hour workday, which is within the 30 – 120 minutes range reported in 

previous studies (Chu et al., 2016; Shrestha et al., 2016). Thus, the present intervention takes 
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a low-cost approach to building new routines into the workday to break up and reduce sitting 

time. 

 

Social influences were identified in Study 3 (police staff interviews) as being a prominent 

source of behaviour decisions. Although in the larger context, workers felt they were trusted 

to manage their own workload and at liberty to break up and reduce their sitting time, in-the-

moment decisions were heavily influenced by social norms around sitting. The intention-

behaviour gap (Sheeran, 2002), where a person may have good intentions but fails to perform 

the wanted behaviour when required, is a well-known concern in behaviour change research 

(Schwarzer, 2008). The behaviour change booklet contains the psychological technique of 

implementation intentions (Gollwitzer, 1999) using ‘if-then’ plans (e.g., If I sit for half an 

hour, then I will stand up for three minutes). Use of these plans has been found to be effective 

in closing the intention-behaviour gap for physical activity behaviours (Epton & Armitage, 

2017) and used alongside other techniques like goal setting in a sedentary workplace 

intervention to reduce sitting time (De Cocker et al., 2016). The systematic review (Study 1) 

found that the BCT of ‘Social comparison’ was six times more likely to be present in 

promising workplace sedentary behaviour reduction interventions (those that improved at 

least one cardiometabolic risk marker). This may indicate how drawing attention to others’ 

performance of the behaviour to allow comparison with one’s own can be an effective 

strategy to elicit the sedentary behaviour change necessary for improving health outcomes. 

Context matters however, and one limitation of the systematic review findings was that 

labelling any and all instances of ‘Social comparison’ (be it upwards or downwards 

comparison) can actually lead to less clarity about the technique (Brierley et al., 2019). 

However, in the office context, Study 2 intervention participants specifically mentioned that 

competitions, targets, or acknowledgement of others’ sitting reduction behaviour in group 
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emails would be acceptable and motivating strategies to pursue. The current intervention thus 

incorporates a breaks-logging competition and group emails showcasing the competition 

leaderboard along with personalised messaging from management drawing attention to 

others’ attempts to reduce sitting in the office.  

 

Unintended BCTs is a documented issue in intervention research (Brierley et al., 2019; 

Gardner et al., 2016; Howlett et al., 2019; Martin et al., 2013). It is impossible to control all 

mechanisms of behaviour change in real world interventions, especially given a new setting 

and population, like in the present thesis with police staff; but some unintended BCTs may be 

anticipated ahead of time. The decision was made to code the current intervention separately 

for data collection procedures because of their potential to change behaviour. Study 2 

participants indicated that curiosity about the benefits (behavioural, cardiometabolic, 

anthropometric, and psychological) of reducing sedentary behaviour influenced their decision 

to participate, though it is less clear the impact it had on changing their behaviour. 

Researchers in the case of that intervention did not code data collection procedures as they 

were not included with the intention that they should change behaviour (Ojo, 2020). To 

examine this idea, the systematic review (Study 1) coded interventions separately for data 

collection procedures, but the BCTs used in data collection methods (such as ‘Monitoring of 

outcome(s) of behaviour without feedback’ and ‘Biofeedback’) were no more frequent in 

promising interventions than non-promising ones. Despite undergoing the same data 

collection procedures, none of the control or comparison arms were promising (Brierley et 

al., 2019), and in one study, the control group actually worsened (Healy et al., 2017). That 

said, there is some evidence to support the role of repeated assessment in sedentary behaviour 

reductions (Voigt et al., 2018). The mere-measurement effect, as it is known (McCambridge, 

2015), may act on individuals in three main ways: by making thoughts and feelings about the 
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behaviour more accessible, generating cognitive dissonance, and/or by exciting mental 

representation of the target behaviour thereby making it more likely that the person performs 

the behaviour (Wood et al., 2014, 2016). Participants in Study 2 did acknowledge that 

wearing the activity monitor and knowing they were being weighed before and after, may 

have affected their behaviour (see Chapter 5). Given the uncertainty around data collection 

effects on sedentary behaviour change, the current intervention coded data collection 

procedures separately as unintended BCTs so that their potential influence may later be 

assessed in post-intervention interviews (see Section 7.4.3). The results of the BCW’s eight 

step process are presented next, followed by a description of the final evidence-based 

intervention. 

 

7.3 Results from the Behaviour Change Wheel 

7.3.1 Step 1: Define the problem in behavioural terms 

To begin with, the behavioural problem must be identified in the target population, with clear 

specification of the behaviour to be changed. Large amounts of sedentary time have been 

associated with poor cardiometabolic outcomes (Clemes et al., 2014; Dunstan et al., 2013; 

Graves et al., 2015; Healy et al., 2013; Parry & Straker, 2013) and may also be detrimental to 

psychological wellbeing (Dunstan et al., 2010; Katzmarzyk et al., 2009; Wilmot et al., 2012). 

Office workers are the target population and they sit for prolonged periods at work with 

much of it accumulated in prolonged, uninterrupted bouts greater than 30 minutes (Parry et 

al., 2013; Ryan et al., 2011; Thorp et al., 2012). To reiterate Chapter 2, sedentary time at 

work can be operationally defined as occupational sitting time. Intervening in the workplace 

is an opportunity to reach a sizeable population who experience large amounts of sitting time 

(Buckley et al., 2015) that could be detrimental to health and psychological wellbeing.  
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7.3.2 Step 2: Select the target behaviour 

Next, a list of potential behaviours to target and intervene on needs to be generated and the 

most appropriate behaviour(s) selected for intervention. In the instance of high amounts of 

work sitting time, intervening on such behaviours as increasing physical activity in the 

workplace, reducing total sitting time at work, and/or breaking up sitting time at work, might 

all be suitable targets for behaviour change. There is some uncertainty around whether 

interventions to reduce sedentary behaviour need to have a sedentary behaviour-only focus. 

One review (Martin et al., 2015) found that interventions with a sedentary behaviour-only 

focus were more effective for sedentary behaviour outcomes, but another review did not 

(Brierley et al., 2019). Feedback from participants in Study 2 (a multi-component sit-stand 

desk intervention, see Chapter 5) indicated that a behavioural target of breaking up and 

reducing prolonged sitting was acceptable and feasible and was therefore selected as having 

the most potential for impact. 

 

7.3.3 Step 3: Specify the target behaviour 

In this step, specific details surrounding performance of the target behaviour are explored in 

depth using the questions: who does this behaviour; what needs to happen in order for this 

behaviour to change; how is the behaviour performed; and where, when, and with whom do 

participants perform the behaviour (Michie et al., 2014). Answers to these questions are 

provided in Table 7.1. The result is an intervention to break up and reduce prolonged sitting 

in full-time, adult office workers by replacing their sitting every half hour with 3 minutes of 

non-exercise physical activity (Ekblom-Bak et al., 2014) like light walking and/or standing 

while at work. 
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Table 7.1. Specifying the target behaviour in an intervention to break up and reduce 

prolonged sitting time in office workers  

Questions to ask Description 

Who performs the behaviour? Full-time, adult office workers 

 

What needs to be done differently? Break up and reduce sitting time 

 

How will they do it? By getting up from their seats every 30 

minutes for 3 minutes to perform non-

exercise physical activity (standing, light 

ambulation) according to expert guidelines 

(Buckley et al., 2015) and informed by 

experimental evidence (Bailey et al., 2017; 

Bailey & Locke, 2015; Hamilton et al., 

2004) 

 

Where will they do it? At the workplace (primarily at their desk but 

also in meetings) 

 

When will they do it? During work hours 

 

With whom will they do it? With colleagues from the same office 

cluster 

 

7.3.4 Step 4: Identify what needs to change 

Speaking with key stakeholders is important for identifying what needs to change and 

understanding the context (Michie et al., 2014). A participatory approach using interviews 

and/or focus groups naturally lends itself to co-created intervention design, which has been 

used successfully in the past to encourage and promote intervention buy-in (Dunstan et al., 

2013; O’Connell et al., 2015; Parry et al., 2013). For this reason, ten full-time police staff [8 

female, 39.5±11.5 years, 6 managers] who self-reported sitting for most of the workday were 

recruited from local police force headquarters for semi-structured interviews in order to 

understand their capability, opportunity and motivation (Michie et al., 2011) for breaking up 

and reducing sitting time in their workplace (Study 3; full details can be found in Chapter 6). 
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In brief, seven themes were identified inductively as barriers to breaking up and reducing 

sitting at work: 1) ‘Work tasks are seated’, 2) ‘Social norm is to sit’, 3.) ‘Ability to regulate 

behaviour’, 4) ‘Knowledge of health risks’, 5) ‘Organisational support’, 6) ‘Impact on 

productivity’, and 7) ‘Autonomous behaviour’. Inductive themes were then deductively 

mapped to TDF domains and the COM-B model to identify the underlying determinants of 

behaviour change (Cane et al., 2012). Social opportunity and norms around sitting, increasing 

awareness of behaviour, and influencing automatic motivation through habit formation 

techniques were identified as important intervention targets (see Table 7.4). 

 

7.3.5 Steps 5 & 6: Identify intervention functions and policy categories 

It is important to identify intervention functions and policy categories that can be applied 

successfully in the organisational context. The selection process is greatly dependent on 

resource availability (Michie et al., 2014; Ojo, Bailey, Brierley, et al., 2019) and other 

barriers identified in interviews with police staff in Study 3 (see Chapter 6 for full details). 

For example, security clearance (both physical and digital), a disciplined/hierarchical 

management structure, and urgent work tasks limited which intervention functions and policy 

categories could be applied. Seven (of the nine) intervention functions from the BCW: 

Training, Enablement, Education, Social restructuring, Persuasion, Incentivisation, and 

Modelling; along with four (of the seven) policy categories from the BCW: Guidelines, 

Social planning, Service provision and Communications/marketing; were chosen as 

particularly suitable for police staff using the APEASE criteria (see Table 7.2 and Table 7.3). 
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Table 7.2. Suitability of intervention functions to bring about a change in police staff to break up and reduce sitting at work assessed with the 

APEASE criteria  

 

Candidate 

intervention function 

Definition 

A P E A S E 

Does the intervention function meet 

the APEASE criteria? 

Training Imparting skills ✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

         

Enablement Increasing means/reducing 

barriers to increase capability 

(beyond education and 

training) or opportunity 

(beyond environmental 

restructuring) 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

         

Education Increasing knowledge or 

understanding 
✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

         

Restriction Using rules to reduce the 

opportunity to engage in the 

target behaviour (or to increase 

the target behaviour by 

reducing the opportunity to 

engage in competing 

behaviours) 

✓ 

 

 

 
✓ 

 

 

 

 

 
✓ 

 

No – may not be acceptable, not 

practicable, not safe (e.g., installing 

computer prompts that limit access 

to the computer during breaks poses 

a security risk as well as a risk to 

life with urgent cases) 
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Environmental/social 

restructuring 

Changing the physical and/or 

social context 
✓ 

 

 

✓ 

 

 

✓ 

 

✓ 

 

✓ 

 

 

 

Yes – Social restructuring could be 

affordable, practicable, potentially 

effective and cost-effective 

depending on delivery mode. Some 

potential for adverse social 

consequences and equity. 

No – Environmental restructuring. 

May not be practicable. 

Effectiveness/cost-effectiveness is 

unclear for cardiometabolic risk. not 

affordable, and sit-stand desks may 

aggravate back pain, sit-stand desks 

may create a ‘haves’ vs. ‘have-nots’ 

environment 

         

Persuasion Using communication to 

induce positive or negative 

feelings or stimulate action 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – however, the BCT ‘verbal 

persuasion of capability’ was not 

found to be frequently present in 

promising interventions (Brierley et 

al., 2019) 

         

Incentivisation Creating an expectation of 

reward 
✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – however, important to 

consider the potential for some to 

feel discouraged or left out 

         

Coercion Creating an expectation of 

punishment or cost 

      No – Not considered to be 

acceptable by manager or 

employees, might isolate and/or 

unduly punish individuals who 

cannot reduce their sitting for 

personal reasons 
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Modelling Providing an example for 

people to aspire to or imitate 
✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

Abbreviations: APEASE = (from left to right) affordable, practicable, effective/cost-effective, acceptable, side effects/safety, equity 
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Table 7.3. Suitability of intervention policy categories to bring about a change in police staff to break up and reduce prolonged sitting at work 

assessed with the APEASE criteria. 

Candidate policy category Definition A P E A S E 

Does the intervention policy meet the 

APEASE criteria? 

Guidelines Creating documents that 

recommend or mandate practice. 

This includes all changes to 

service provision 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

Fiscal measures Using the tax system to reduce 

or increase the financial cost 

 

 

 

 

 

 

 
✓ 

 

✓ 

 

✓ 

 

No – Not practicable, affordable and 

unclear whether effective (Patel et al., 

2016) 

Regulation Establishing rules or principles 

of behaviour or practice 

 

✓ 

 

 

 
✓ 

 

✓ 

 

✓ 

 

✓ 

 

No – Not practicable 

Legislation Making or changing laws 

 

 

 

 

 
✓ 

 

 

 
✓ 

 

✓ 

 

No – Not acceptable, practicable, or 

affordable 

Environmental and/or 

social planning 

Designing and/or controlling the 

physical/social environment 

 

✓ 

 

 

✓ 

 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Social planning meets all criteria. 

No – Environmental planning would not 

be practicable or affordable, unclear 

cost-effectiveness, with potential for side 

effects (back pain aggravation) 

Service provision  Delivering a service 

 
✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

Communications/marketing Using print, electronic, 

telephonic, or broadcast media 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes 

Abbreviations: APEASE = (from left to right) affordable, practicable, effective/cost-effective, acceptable, side effects/safety, equity 
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7.3.6 Step 7: Identify behaviour change techniques 

Intervention BCTs were next selected to address behavioural determinants (identified via the 

COM-B diagnosis and mapped to the TDF in Study 3) and align with appropriate 

intervention functions and policy categories. Twenty BCTs were identified as suitable for the 

police office environment and are presented in Table 7.6 
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Table 7.4. Identification of appropriate BCTs linked to APEASE-selected intervention functions and policy categories based on the barriers 

identified in Study 3 (Chapter 6)  

 

COM-B 
aspect   TDF domains 

What is needed 
for the target 
behaviour to 
occur 

Evidence to support the need for change 
(interview quotes) 

Intervention 
Functions 
(APEASE-met) 

Policy categories 
(APEASE-met) BCT (number) 

Physical 
capability 

 
   Not identified as a barrier in Study 3 

(Chapter 6) 
      

Psychological 
capability 

Knowledge; 
Memory, 
attention & 
decision-making 
processes; 
Behavioural 
regulation 

Need for 
specific 
knowledge 
about 
cardiometabolic 
health risks. 
Need reminder 
tools. 

“If you’re sitting for long periods of time 
you’re not moving, you’re not using any 
energy, or producing… Like your 
metabolism’s not working and stuff like that, 
so I don’t know if it does?” (P11, female, 
non-manager)  
 
“Sometimes it, the time, just honestly, the 
time just goes, and you don’t know that 
you’ve been sat there for a whole hour and a 
half.” (P11, female, non-manager)  
  

Education 
Training 
Enablement 

Guidelines  
Social Planning  
Service provision 
Communications/marketing 

Feedback on 
behaviour 

(2.2)✢  
Self-
monitoring of 
behaviour 
(2.3)^ 
Biofeedback 

(2.6)✢ 
Instruction on 
how to 
perform the 
behaviour 

(4.1)✢^ 
Prompts/cues 

(7.1)✢^ 
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Physical 
Opportunity 

Environmental 
context & 
resources 

Allow staff to 
frequently break 
up seated work 
tasks without 
making major 
changes to the 
current physical 
environment.  

“The minority roles in the police are putting 
on a uniform and rushing around in blue 
lights. That’s what’s I used to do, but that’s 
the minority. The rest is behind-the-scenes 
places like what you can see here in offices, 
and that’s sat down doing work.” (P5, male, 
non-manager)  
 
“Sometimes you can be in [meeting] rooms 
and they’re rammed. So if you were standing 
you might be blocking someone else’s view 
or like it’s difficult to get out or it’s not 
physically possible.” (P8, female, manager) 

Environmental/ 
Social 
restructuring  

Social Planning   Restructuring 
the social 
environment 

(12.2)✢^   

Social 
Opportunity 

Social influences Demonstrations 
and messages of 
peer and 
organisational 
support needed 
for changing 
social norms 
around sitting at 
work 

“Everybody is sitting.” (P4, female, manager)  
 
“I think if you did it like as a whole group… 
like as a group… to make everyone else 
aware of it, you know, I'm sure that it would 
help everybody.” (P11, female, non-
manager) 

Environmental/ 
Social 
restructuring 
Modelling 
Enablement 

Guidelines  
Social Planning  
Service provision 
Communications/marketing 

Social support 
(unspecified) 

(3.1)✢^  
Social 
comparison 

(6.2)*✢^ 
Restructuring 
the social 
environment 

(12.2)✢^  
Social reward 

(10.4)✢ 
Demonstration 
of the 
behaviour 
(6.1)*  
Credible 

source (9.1)✢ 
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Automatic 
motivation 

Social/professional 
role & identity; 
Optimism; 
Reinforcement 

Formation and 
practice of new 
sitting habits is 
needed. 
Incentivise 
behaviour 
change. Enable 
a different way 
of working with 
new habits. 

“I think it would just take a bit of time to get 
into like a new routine, I suppose. 'Cos 
obviously, when you’ve been doing 
something for so long you just have to break 
that habit, don’t you?” (P3, female, non-
manager)  
 
“I think I tend to get lazy […] I just 
sometimes feel like ‘oh, like, what’s the 
point?’ like ‘I might as well stay sitting here.’ 
My colleagues would be like, ‘oh, you know, 
do you want to come down?’ And I’d be like, 
‘can’t be bothered’. So yeah, just sometimes 
doesn’t feel like there’s any point.” (P3, 
female, non-manager) 

Persuasion 
Incentivisation  
Environmental/ 
Social 
restructuring 
Modelling 
Enablement   

Guidelines  
Social planning  
Service provision 
Communications/marketing 

Monitoring of 
behaviour by 
others without 
feedback (2.1) 
Information 
about 
emotional 
consequences 
(5.6) 
Behaviour 
substitution 

(8.2)*✢^ 
Habit reversal 

(8.4)*✢^  
Non-specific 
reward 

(10.3)✢  

Reflective 
motivation 

Social/professional 
role & identity; 
Belief in 
capabilities; 
Intention; Belief in 
consequences; 
Optimism; Goals 

Arrange to set 
behaviour goals 
that match good 
intentions. 
Influence beliefs 
about ability to 
reduce sitting 
time while still 
being 
productive and 
feeling better.  

“I don’t think anyone thinks that there’s any 
lack of productivity and possibly, if we think 
about being more productive, if we have a 
break, I don’t think that would come into it. I 
think it probably would be as productive if 
not more productive and also benefits, well, 
it’s a positive all around. It’s a win-win 
situation, isn’t it, that you know employees 
might feel less stressed.” (P2, female, 
manager)  
 
“I want don’t want people to think that I'm 
taking the mickey and having an extra break 
that they're not having.” (P11, female, non-
manager)  

Education 
Persuasion 
Training 

Guidelines   
Service provision 
Communications/marketing 

Goal setting 
(behaviour) 

(1.1)*✢^ 
Problem 
solving 

(1.2)*✢  
Action 
planning (1.4)^ 
Feedback on 
outcomes of 
behaviour 

(2.7)✢^ 
Information 
about health 
consequences 
(5.1)^  
Pros and cons 
(9.2) 
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NOTE: * denotes BCT identified in the systematic review (Study 1); ✢ denotes BCT identified in the former participant interviews (Study 2); ^ 

denotes BCT identified in interviews with police staff (Study 3) 
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7.3.7 Step 8: Mode of delivery 

Once prospective BCTs have been identified, it is necessary to select how they will be 

delivered (i.e., the mode of delivery). Mode of delivery is distinct from intervention content 

and is one of fundamentals of intervention design, the others being: provider, format, setting, 

recipient, intensity, duration, and fidelity (Davidson et al., 2003). Michie et al. (2014) provide 

a taxonomy for modes of delivery. In it, broadly speaking, BCTs may either be delivered 

face-to-face or remotely (distance delivery). Face-to-face can be individual or group delivery, 

and distance delivery can be at the individual or population level. For instance, with a BCT 

like ‘Information about health consequences’ which falls under the policy category 

‘Communications/marketing’ and the intervention function ‘Education’, population-level 

distance delivery options include various media (e.g. broadcast media like TV and radio, 

digital media like internet and mobile phone applications (apps), outdoor media like 

billboards and posters, or print media like newspapers and leaflets/written materials). 

Individual-level distance delivery can be by phone (e.g., helplines and text messaging) or via 

computer programmes designed to be accessed individually. Choice of mode of delivery is 

dependent on the setting, the population of interest, and the target behaviour. The modes of 

delivery used in this multi-component intervention are identified under each component 

subheading in the following section and are checked against the APEASE criteria in Table 

7.5.  

 

7.4 The intervention 

7.4.1 Brief overview 

The intervention aimed to regularly break up participants’ prolonged sitting time with three-

minute incidental movement breaks every half hour at work. The intervention supported this 
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behavioural change with a short educational lecture, a brainstorming workshop, a behaviour 

change booklet (based on the Active Herts programme, Howlett et al., 2017), computer break 

prompts, Quick Response (QR) codes to move to and log breaks, use of the Rise & 

Recharge® smartphone app for self-monitoring and individual feedback on behaviour, team 

competition, and weekly email communication.  

 

7.4.2 Intervention components 

Intervention components are described below along with mode of delivery and targeted 

COM-B construct(s) identified in Study 3 (Chapter 6). All participants were assigned to a 

team of three people (a ‘cluster’) in order to participate in the competition. Clusters (mode: 

face-to-face group delivery) provided the BCTs of ‘Social support (unspecified)’ and 

‘Restructuring the social environment’, both targeting the COM-B construct ‘Social 

opportunity’. Modes of delivery were checked against APEASE criteria (see Table 7.5). The 

final BCTs and modes of delivery selected for the intervention are presented in Table 7.6. A 

detailed summary of intervention components can be found in the Template for Intervention 

Description and Replication (TIDieR; Hoffmann et al., 2014) (in Appendix 19). TIDieR is a 

tool that aims to improve intervention replicability by allowing for better reporting of content 

and delivery, as well as fidelity assessment. 
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Table 7.5. Suitability of modes of delivery to bring about a change in police staff to break up and reduce sitting at work assessed with the 

APEASE criteria 

Intervention component 

Mode of delivery A P E A S E Comments 

Short lecture 

Face-to-face group delivery 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Police staff largely manage their own 

schedules, also management approval given for 

intervention lecture during work hours 

        

Workshop 

Face-to-face group delivery 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes– Interviews indicate a desire to change 

behaviour as a group to reduce feelings of self-

consciousness 

        

Behaviour change booklet 

Population-level print media 

delivery 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Booklet based on practical and effective 

BCTs from the Active Herts protocol (Howlett et 

al., 2017). Designed with free software. Cheap to 

print.  

        

Electronic Prompts 

Individual-level distance 

delivery via computer or 

phone app 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – However, safety (security) concerns over 

open-source prompting software. Smartphone app 

or Outlook® calendar advised instead 

QR codes 

Individual-level distance 

delivery via phone app 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Cost-effective. Can be placed anywhere in 

office building  to encourage 3 minutes of non-

exercise physical activity (equity). 
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Rise & Recharge® app 

Individual-level distance 

delivery via phone app 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Free extremely practical because records 

individual breaks automatically. Keeps personal 

behaviour information private (safety) 

Team competition 

Population-level distance 

delivery via email 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes –Interviews indicate friendly competition 

would be motivating and help to regulate 

behaviour. Cost-effective for population delivery. 

Aggregate break tallies preserve anonymity (safety) 

 

Email communication 

Population-level distance 

delivery via email 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

✓ 

 

Yes – Cost-effective for delivering to a large group 

Abbreviations: APEASE = (from left to right) affordable, practicable, effective/cost-effective, acceptable, side effects/safety, equity; app = 

application, QR code = Quick Response code 
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Table 7.6. Behaviour change techniques delivered by intervention components  

Number BCTs Lecture Workshop Booklet 

QR 

codes 

Rise & 

Recharge 

app 

Computer 

prompt 

Team 

competition Emails Clusters 

1.1 Goal setting (behaviour)*✢^   Y Y   Y         

1.2 Problem solving*✢ 

 

Y Y 

      
1.4 Action planning^   Y Y             

2.1 Monitoring of behaviour by others without feedback 

  

Y 

     

2.2 Feedback on behaviour✢         Y         

2.3 Self-monitoring of behaviour^ 

    

Y 

    

3.1 Social support (unspecified)✢^   Y             Y 

4.1 Instruction on how to perform the behaviour✢^ Y 

 

Y 

      
5.1 Information about health consequences^ Y   Y   Y         

5.6 Information about emotional consequences 

  

Y 

      
6.1 Demonstration of the behaviour*   Y               

6.2 Social comparison*✢^ 

      

Y 

  

7.1 Prompts/cues✢^         Y Y   Y   



 217 

8.2 Behaviour substitution*✢^ 

    

Y Y 

   

8.4 Habit reversal*✢^         Y Y       

9.1 Credible source✢ 

  

Y 

 

Y 

    
9.2 Pros and cons     Y             

10.3 Non-specific reward✢ 

    

Y 

    

10.4 Social reward✢               Y   

12.2 Restructuring the social environment✢^                 Y 

 

Note: * denotes BCTs identified in Study 1 (Chapter 4); ✢ denotes BCTs evaluated in Study 2 (Chapter 5); ^ denotes BCTs identified in Study 3 

(Chapter 6). Abbreviations: app = application; QR code = Quick Response code 
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7.4.2.1 Short lecture 

Mode: face-to-face group delivery 

Construct targeted: Psychological capability 

It was discovered during interviews with police staff (Study 3, Chapter 6) that there was a 

lack of knowledge around the health risks associated with prolonged sitting. Therefore, a 

short lecture (15 minutes) was delivered (by MB) in person to intervention participants after 

baseline measurements were taken. The lecture outlined information about health 

consequences, instruction on how to perform the behaviour, goal setting, action planning, and 

problem solving. There was additional time allowed for questions. 

 

7.4.2.2 Workshop 

Mode: face-to-face group delivery 

Constructs targeted: Social opportunity; Reflective motivation 

The workshop (30 minutes) took place directly after the lecture and consisted of instruction 

on how to perform the behaviour, demonstration of the behaviour, setting common (team) 

goals, and completion of the behaviour change booklet (see ‘Behaviour change booklet’ 

below for details). QR code locations across the workplace building were selected by 

participants at this time, as well as the point value of codes.  

 

7.4.2.3 A-REST booklet 

Mode: population-level print media delivery 

Constructs targeted: Psychological capability; Social opportunity; Reflective motivation; 

Automatic motivation 
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This booklet was developed and adapted from the Active Herts programme (Howlett et al., 

2017) and provided a number of BCTs including; information on health consequences, goal 

setting and action planning (see Appendix 20). The Active Herts programme was a physical 

activity behaviour change programme for inactive (engaging in less than 30 minutes of 

physical activity per week) adults (16+ years) not meeting current physical activity guidelines 

for health and at risk for developing cardiovascular disease and/or with a mental health 

diagnosis. The Active Herts booklet contained a range of BCTs for supporting physical 

activity behaviour change over twelve weeks. For the police staff intervention, the A-REST 

booklet was adapted to only include the BCTs selected here and all instances of the term 

‘physical activity’ were changed to ‘sitting’ to reflect the focus of the present intervention. 

Intervention group participants received and completed a physical copy of the booklet during 

the workshop. 

 

7.4.2.4 Electronic prompts 

Mode: individual-level distance delivery via computer or phone app  

Constructs targeted: Psychological capability; Automatic motivation 

Participants set electronic prompts to remind them to take their breaks either on their phone 

with an app or on their computer using Outlook® calendar. Prompts have been shown to 

reduce prolonged sitting in office workers (Evans et al., 2012). It was advised that prompts 

were set to every 30 minutes during work hours. Results from Study 2 suggested having an 

automatic reminder in a programme or app that was always in use during work hours would 

better ensure that prompts were received (see Appendix 21 for the full list of recommended 

electronically-delivered prompts). Participants were briefly shown how to download and 

install smartphone apps during the workshop.  
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7.4.2.5 QR codes 

Mode: individual-level distance delivery via phone app 

Constructs targeted: Reflective motivation 

To record and monitor breaking up prolonged sitting time, QR codes (see Appendix 22 for 

example) were placed in various locations in the building. On each break, participants 

scanned a code using their smartphone and entered their participant number to log their 

break. A map was provided to participants to show where these codes were located. Frequent 

breaks of 3-minutes duration have been found in a previous field study to significantly reduce 

sedentary behaviour in overweight and obese individuals (Bond et al., 2014). Postgraduate 

students and academic staff trialled the QR codes in a university office setting to make sure 

there were no issues with scanning and logging breaks using both Android and iOS 

smartphones. 

 

7.4.2.6 Rise & Recharge app® 

Mode: individual-level distance delivery via phone app 

Constructs targeted: Psychological capability; Reflective motivation; Automatic motivation  

On an individual level, participants used the Rise & Recharge® app (Baker Heart and 

Diabetes Institute, Melbourne, Australia) to encourage awareness of behaviour, habit reversal 

and behaviour substitution by rewarding performance of the behaviour (taking breaks) with 

virtual ‘badges’ (stars). Participants earned one star for every eight breaks performed. Breaks 

were automatically logged via the smartphone’s accelerometer. Activity and star count were 

visually presented in real-time, a feature that was suggested as a motivational improvement to 

a recent workplace intervention (Study 2). The app originally supported a prompting 

function, but this did not work for the duration of the study therefore it was only used as a 

self-monitoring tool.  
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7.4.2.7 Team competition 

Mode: population-level distance delivery via email  

Construct targeted: Social opportunity 

Team competition took place to reward participation in the intervention. Competition has 

been used to successfully reduce sedentary time in working adults (Freak-Poli et al., 2011; 

Qiu et al., 2015) and was suggested as a potential motivating strategy in future interventions 

by participants in Study 2. Social comparison was identified as the most frequently occurring 

BCT in promising interventions in Study 1 (Chapter 4, also see Brierley et al., 2019). Each 

QR code scan was worth points and the winning team was determined by points earned every 

week. All participants were informed of their team’s performance via a weekly leaderboard 

(see email communication below).  

 

7.4.2.8 Email communication 

Mode: population-level distance delivery via email  

Constructs targeted: Psychological capability; Reflective motivation 

Weekly email correspondence included the weekly leaderboard standings for teams and a 

personalised support message from management (Dunstan et al., 2013). The emails also let 

the participants know how many weeks remained in the intervention as this was a suggested 

improvement identified in interviews with recipients of a recent sedentary behaviour 

workplace intervention (Study 2). An email template is provided in Appendix 23.  
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7.4.3 A note on data collection as unintended behaviour change 

techniques 

Data collection methods are not usually assigned BCTs as they are not intended to change 

behaviour. However, as Study 2 revealed, these assessments do have the potential to 

influence behaviour. Therefore, for the sake of argument, BCTs were coded to the health 

assessment (all participants received a health report at the end of the study) though these 

BCTs were considered separately from the intervention. The BCTs were: Feedback on 

behaviour, Biofeedback, Feedback on outcomes of behaviour. 

 

7.5 Strengths and limitations 

No study is without some limitations. The BCW approach is still subject to some bias with 

regards to the selection of intervention functions, policy categories, BCTs and mode of 

delivery. This is not unique to the BCW, any intervention design requires researchers to make 

the final decision about which intervention components to include (Peters et al., 2015). 

Michie et al. (2014) describe it as ‘strategic judgement’ (p. 125). A strength of this chapter in 

using the BCW approach is that those strategic judgements were transparent and traceable 

throughout the process, drawing on the scientific evidence where possible, strengthening the 

validity and reliability of any future findings. First this chapter used a standardised approach 

to identify the target behaviour to change (Steps 1-4). Next, a consistent, structured criteria 

(APEASE) were applied to select appropriate intervention functions, policy categories, 

BCTs, and modes of delivery (Steps 5 – 8). Finally, Step 8 intervention content was directly 

mapped to delivery mode (see Table 7.6) and fully described according to best practice (see 

TIDieR, Appendix 19). A further strength of the use of the BCW for intervention design as 

used in this thesis, is that it is a novel approach to sedentary behaviour change in the 

workplace. In order for interventions to have the greatest chance for success, it is important 
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that behaviour change components are appropriately matched to the COM-B needs of the 

target population in relation to the target behaviour. Very few published sedentary workplace 

interventions to date have applied this approach from start to finish (Munir et al., 2018; Ojo, 

Bailey, Brierley, et al., 2019). Furthermore, this intervention is tailored to police staff, an 

understudied occupational subgroup of office workers. To the thesis author’s knowledge, this 

is the first sedentary workplace intervention without sit-stand desks to be designed using the 

BCW. It is also the first sedentary workplace intervention to explicitly include lessons 

learned from a previous multi-component intervention (Study 2, Chapter 5), to better 

understand how participants engage with those components, and use this information to guide 

intervention development.  

 

7.6 Summary 

In summary, this chapter has demonstrated how an intervention to reduce and break up sitting 

time in police staff was developed. The BCW, a three-stage process comprising eight steps, 

was applied to identify the target behaviour to change (prolonged occupational sitting) and 

how best to reduce it in the context of police staff. Intervention functions, policy categories, 

and candidate BCTs were identified from police staff interviews (Study 3). APEASE criteria 

were applied to determine the most suitable BCTs and modes of delivery in the context of the 

barriers and facilitators identified in Study 3 and post-intervention feedback in Study 2. It 

was also important to consider frequently occurring BCTs in promising interventions 

identified in Study 1. The result is a multi-component intervention comprising 20 BCTs 

provided in a blended format of face-to-face and distance delivery that is delivered and 

evaluated in Chapter 8. 
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Chapter 8: A-REST (Activity to Reduce Excessive Sitting Time): 

a feasibility trial to reduce prolonged sitting in police staff (Study 

4) 

8.1 Introduction 

This chapter includes the background, methods, results and discussion of the A-REST 

intervention. First, the background section provides a justification as to the need to 

systematically evaluate the feasibility of delivering and evaluating a sedentary workplace 

intervention not only on traditional measures of effectiveness (e.g., behaviour, health and 

psychometric outcomes) but on additional indicators of effectiveness such as reach, adoption, 

implementation, and maintenance. Certain key study characteristics may threaten or enhance 

future intervention implementation and it is important to define and measure them for a 

systematic evaluation of feasibility. The PRagmatic Explanatory Continuum Indicator 

Summary (PRECIS-2; Loudon et al., 2015; Thorpe et al., 2009) and the Reach, Effectiveness, 

Adoption, Implementation, and Maintenance framework (RE-AIM; Gaglio et al., 2013; 

Glasgow et al., 1999) are frameworks that help assess where a study falls on the explanatory 

(testing under optimal conditions) and pragmatic (under usual conditions) continuum helping 

intervention designers make consistent decisions with regards to their intended aim (be it an 

explanatory type trial or a pragmatic or ‘usual care’ type trial). This thorough evaluation 

allows for better transparency, less resource waste, and improved translation of research into 

practice. The Methods section details briefly, how the intervention was conducted, in what 

setting and with what participants; as well as detailing all primary and secondary outcome 

assessments and analysis of data. The Results section for primary (feasibility) and secondary 

outcomes are largely presented in narrative format along with supporting quotes from 



 225 

participants, and quantitative data presented in tables and figures. The Discussion section 

critically evaluates the feasibility of the intervention and implications for practice.  

 

8.2 Background 

Sitting time at work accounts for a large proportion of total daily sedentary time of office 

workers (Parry & Straker, 2013; Thorp et al., 2012). Chronic disease risk and all-cause 

mortality increases with high levels of sitting time (De Rezende et al., 2014; Dunstan et al., 

2010; Owen, Healy, et al., 2010; Wilmot et al., 2012). As society moves towards increased 

use of technology and computer work (Frey & Osborne, 2017), this domain-specific threat to 

health has never been more imminent. Interventions to reduce prolonged workplace sitting 

have been shown to be effective in reducing sedentary behaviour by 30 to 120 minutes (Chau 

et al., 2010; Shrestha et al., 2016) as well as show promise in reducing cardiometabolic risk 

markers; as shown in Chapter 4 (Brierley et al., 2019). These interventions, and indeed 

current guidelines, are based on evidence supporting the breaking up and/or replacement of 

sitting time (Buckley et al., 2015). Yet, behaviour change remains elusive to some extent 

(Chau et al., 2010; Shrestha et al., 2016) and there is little consistency in the effects on 

cardiometabolic risk marker outcomes (Brierley et al., 2019). This may be down to issues 

that are faced when translating tightly controlled laboratory research protocols into less 

orderly real-world settings. To advance the science of how interventions work and why, 

improved evaluation methods are required particularly around external validity (Macdonald 

et al., 2018).  

 

Two frameworks to aid in this evaluation are the PRagmatic Explanatory Continuum 

Indicator Summary (PRECIS-2; Loudon et al., 2015; Thorpe et al., 2009) and the Reach, 

Effectiveness, Adoption, Implementation, and Maintenance framework (RE-AIM; Gaglio et 
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al., 2013; Glasgow et al., 1999). The former is specifically intended for the feasibility/design 

stage and helps researchers understand trial effectiveness under usual (pragmatic) conditions 

as measured on nine domains. The latter is useful for all stages of study design and includes 

additional items on the generalisability and applicability of trials in specific contexts using 

five domains. The use of both simultaneously can aid in the consistent reporting of key study 

characteristics in order to help researchers understand where a study is pragmatic, where is it 

explanatory, and how best to translate theory into practice (Gaglio et al., 2014). This is 

particularly important for feasibility work intended to inform the design and execution of 

larger randomised controlled trials (RCTs). By and large, sedentary workplace interventions 

have been evaluated on efficacy measures like siting time (Chau et al., 2010; Neuhaus, Eakin, 

et al., 2014; Shrestha et al., 2016; Tew et al., 2015) and health outcomes (Brierley et al., 

2019), but frameworks like RE-AIM allow a better understanding of additional indicators of 

success or failure so they can be systematically defined, measured, and addressed for future 

implementation (Bauman & Nutbeam, 2013). A review highlighted the deficiencies in RE-

AIM reporting findings that of 42 grant applications to the National Institute of Health, less 

than 10% comprehensively measured RE-AIM components (Kessler et al., 2013). In the 

years since, the explicit use of RE-AIM and other evaluation models in feasibility studies has 

increased but sedentary behaviour workplace interventions have not been among them 

(Macdonald et al., 2018). MacDonald et al. (2018) suggest the lack of large scale trials with 

long term follow-ups may be one reason for the paucity of information. In general, however, 

sedentary workplace interventions lack detail in intervention reporting (Brierley et al., 2019).  

There still appear to be significant barriers to intervening on a large scale and understanding 

RE-AIM (and PRECIS-2) factors should help researchers overcome remaining 

implementation challenges (Macdonald et al., 2018).  
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The primary aim of this study was to assess the feasibility of an intervention to break up and 

reduce prolonged sitting time in full-time police staff using the RE-AIM and PRECIS-2 

frameworks. The secondary aims were to assess preliminary effects on volume and patterns 

of sedentary behaviour (number of breaks, number of prolonged sitting bouts, average 

duration of prolonged sitting bouts, and total prolonged sitting duration), standing and 

stepping, cardiometabolic risk markers, physiological stress, physical health, psychological 

wellbeing and mood, work stress, and work performance. 

 

8.3 Methods 

8.3.1 Study design 

This was a single arm, repeated measures feasibility trial conducted in the United Kingdom 

from August – December 2019. The trial was prospectively registered at clinicaltrials.gov 

(NCT04053686). The study was approved by the University of Bedfordshire Institute for 

Sport and Physical Activity Research Ethics Committee (2019ISPAR008; Appendix 24). A 

checklist for the Consolidation Standards of Reporting Trials (CONSORT) extension to 

randomised pilot and feasibility trials (Eldridge, Chan, et al., 2016) is provided in Appendix 

26. For replicability purposes, intervention details have been recorded in the Template for 

Intervention Description and Replication (TIDieR; Hoffmann et al., 2014) (see Appendix 19). 

 

In Study 1 (Chapter 4), very promising sedentary behaviour workplace interventions for 

cardiometabolic risk marker changes averaged 12 weeks in duration (Brierley et al., 2019). 

The Bedfordshire Police Force runs on a five-week schedule, therefore, in order to balance 

variations in shift patterns, this intervention was originally designed to run for ten weeks. 

However, the intervention was shortened to eight weeks to extend recruitment and to avoid 
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anticipated seasonal fluctuations in behaviour and nutritional intake due to the holiday period 

during the intervention (i.e., Christmas and New Year’s). 

 

8.3.2 Study setting 

The study took place at a single site, Bedfordshire Police headquarters, in Kempston, UK. 

Participant offices were located across the site which comprised one large main building with 

three floors plus a modular portacabin office and a separate building housing finance and 

human resources.  

 

8.3.3 Recruitment 

Permission to conduct the study was approved at a board meeting of senior executives 

attended by two members of the research team (MB and AC) on 8th May 2019. The study 

forms part of a larger suite of studies conducted by ISPAR within the Bedfordshire Police 

Force. Departmental teams of police staff within the Force were identified by management 

for invitation via email. It has been suggested that twenty-four to fifty participants is an 

acceptable number when recruiting for a feasibility study (Hooper, 2019). However, due to 

the strict contact guidelines and policies regarding police staff recruitment thirty participants 

were judged to be a realistic recruitment target. Recruitment took place mid-August until 

October 2019 (see flyer, Appendix 25). Invited individuals were guided through the 

enrolment process using an online system (Qualtrics Inc., Seattle, WA, USA) where they 

were screened for eligibility, provided an information sheet (Appendix 32), and they could 

provide informed consent (Appendix 33).  
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8.3.4 Eligibility criteria 

Eligible individuals met the following inclusion criteria: ≥ 18 years; working ≥ 0.6 FTE  

(Healy et al., 2017); ambulatory; predominantly desk-based (self-reported ≥ 5 hours/day 

seated at work); able to keep a smartphone with them during work hours; and were 

apparently healthy. Individuals were excluded if they had a planned absence of two weeks or 

more during the intervention period; worked part time (< 0.6 FTE); had health 

contraindications to standing and walking; planned relocation to another site, office or 

workplace; personal access to an active workstation (sit-stand desk, seat cycle, treadmill desk 

or similar); or if they were participating simultaneously in another workplace intervention 

(for sedentary behaviour, physical activity, diet, lifestyle, or combination thereof).  

 

8.3.5 The A-REST intervention 

The A-REST (Activity to Reduce Excessive Sitting Time) intervention was developed using 

the Behaviour Change Wheel (BCW; Michie et al., 2014; see Chapter 7 for details). The 

intervention aimed to regularly break up participants’ prolonged sitting time with three-

minute incidental movement breaks every half an hour at work. The intervention supported 

this behavioural change with a short educational lecture and brainstorming workshop, a 

behaviour change booklet, electronic prompts, Quick Response (QR) codes to log breaks, use 

of the Rise & Recharge® smartphone app for self-monitoring and individual feedback on 

behaviour, team competition, health champion support, and weekly email communication. 

All participants were emailed a personalised health report at the end of the study (see 

Appendix 27). If any cardiometabolic readings were outside of the National Institute for 

Health and Care Excellence (NICE) recommended guidelines, participants were provided a 

GP referral letter advising (see Appendix 34) them to contact their GP if they so wished to.  
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8.3.5.1 Data collection 

Data collection on feasibility measures (e.g., retention rates, adherence) was ongoing 

throughout the trial. Secondary outcome data was collected on site during work hours in one 

of three meeting rooms. Activity monitors were handed out at week 0 (pre-intervention) and 

at the beginning of week 8 (last week of the intervention). Sitting, standing, and stepping data 

was collected at baseline (up to 3.5 weeks prior to intervention start) and during the final 

week (week 8) of the intervention. Cardiometabolic risk marker, anthropometric, and 

questionnaire data were collected at baseline (up to 3.5 weeks prior to intervention start) and 

post-intervention (within 7 days of intervention end) by the thesis author supported by a team 

of PhD, MSc and BSc students. Data collected on shift workers was taken at the same time of 

day during the same shift pattern at baseline and post-intervention for standardisation 

purposes. Interviews were undertaken by the thesis author after completion of the 

intervention (within 2.5 weeks) but prior to participants receiving their health report. 

 

8.3.6 Fidelity 

Fidelity is important to consider in complex interventions in order to strengthen interpretation 

of the results. Bellg et al. (2004) identified five theoretical elements to intervention fidelity: 

study design, training of the provider(s), delivery by the provider, receipt of the intervention, 

and enactment of the behaviour (see Table 8.1). This framework not only complements 

feasibility reporting but is useful for interpreting the preliminary effects of the study, namely, 

sedentary behaviour, physical activity and health and wellbeing outcomes.  
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Table 8.1. Intervention fidelity considerations (Bellg et al., 2004) 

Theoretical 

element 

Type How considered 

Developer Study 

design 

Follows MRC guidance on complex interventions 

 

Adherence to Consolidated Standards of Reporting Trials 

(CONSORT) 2010 statement, including the extension for pilot 

and feasibility trials 

 

All aspects of the intervention are theory-based and are 

specified in the TIDieR checklist 

 

Plan to include fidelity aspects in the analyses (see Analysis 

section) 

 

Provider Training The intervention was provided by the thesis author 

 

Baseline and post-intervention assessment measures undertaken 

by members of the research team who have received the same 

standardised training 

 

 Delivery Lecture and workshop to follow the content and format from a 

standardised behaviour change booklet 

 

Use of electronic prompting software 

 

Same Rise & Recharge® app to be used by all intervention 

participants  

 

The thesis author sent all emails apart from week 1 

 

Post-intervention interviews to assess delivery as intended 

 

Recipient Receipt Completion of the behaviour change booklet during the 

lecture/workshop session was used to confirm receipt of this 

aspect of the intervention 

 

Post-intervention interviews to assess engagement with the 

intervention 

 

 Enactment For the intervention group, enactment of breaks was monitored 

via QR code scans 

  

Weekly reminders to research liaison to provide personalised 

email content  
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Data collection on sedentary behaviour, physical activity, 

cardiometabolic risk markers, physiological stress, physical 

health, psychological wellbeing and mood, work stress, and 

work performance to provide indication of compliance with the 

intervention 

 

Post-intervention interviews to provide qualitative information 

about barriers and facilitators to reducing sitting time during the 

intervention and use of intervention resources. 

 

 

8.3.7 Outcomes 

8.3.7.1 Primary outcomes 

The primary outcome of interest was the feasibility of implementing and evaluating a 

workplace intervention to break up and reduce prolonged sitting in police staff. Two 

frameworks, PRECIS-2 and RE-AIM, were employed to evaluate feasibility. PRECIS-2 

assesses how pragmatic an intervention is and helps intervention designers make decisions 

regarding their intended aim, in other words, whether their study is designed to be pragmatic 

(delivered in a real-world setting) or explanatory (delivered under ideal conditions). PRECIS-

2 evaluated the study on nine dimensions (eligibility criteria, recruitment, setting, 

organisation, flexibility-delivery, flexibility-adherence, follow-up, primary outcome, and 

primary analysis) assessed on a 5-point Likert scale (1=very explanatory to 5=very 

pragmatic) and visually represented with a hub-and-spoke diagram (Loudon et al., 2015). 

PRECIS-2 authors have stated the updated tool demonstrates acceptable internal reliability 

and validity among a Delphi consensus project (Loudon et al., 2013, 2015).  

 

RE-AIM evaluated the study on representativeness of the setting and participants, 

Engagement with the intervention by setting/site, deviations from protocol, sustainability, 

and costs, and used the same 5-point Likert scale (see Table 8.2). Qualitative post-
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intervention participant interview quotes were presented to provide added context. Fidelity 

was also reported within the RE-AIM elements. 

 

Table 8.2. How feasibility outcomes were assessed with RE-AIM 

Framework 

component(s) 

Outcome How assessed 

Reach Recruitment and attrition rates  monitored via eligibility, 

enrolment and withdrawal 

records 

 

Reach, Adoption Feasibility of collecting 

sufficient outcome and 

resource data  

 

assessed via number of 

participants providing all 

and/or partial data 

 

Reach Efficacy of recruitment 

strategy to recruit participants  

monitored via enrolment 

records 

and documentation of 

additional recruitment 

strategies where necessary 

 

Adoption, 

Implementation, 

Maintenance 

Acceptability of the 

intervention  

assessed via post-intervention 

interviews   

 

   

Implementation Engagement and adherence to 

the intervention strategies  

monitored via QR codes and 

assessed via activPAL data 

and post-intervention 

interviews   

 

8.3.7.2 Secondary outcomes 

This study also investigated preliminary effects on patterns of sitting, standing, and stepping 

at work (normalised to an 8-hour workday) and daily (normalised to a 16-hour waking day), 

cardiometabolic risk markers, psychological wellbeing and mood, work stress (self-reported), 

and work performance (job satisfaction and performance). 
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8.3.8 Activity monitor measurements 

An activPAL3 tri-axial accelerometer and inclinometer device (PAL Technologies, Glasgow, 

UK) was worn for seven consecutive days (24 hours/day) to objectively measure sedentary 

behaviour and physical activity at baseline and during the last week of the intervention. The 

activPAL acquires information as to sitting/lying, standing or stepping with additional 

information available on postural transitions. The activPAL is waterproof and was worn 

under the clothes attached to the skin on the midline of the anterior aspect of the thigh with 

10 × 10 cm adhesive hypoallergic thin plastic film (Hypafix, BSN medical Limited, 

Yorkshire, UK). ActivPAL monitors have been validated for assessing sedentary time in 

adults (Kozey-Keadle et al., 2011). The device has been shown to be reliable for assessing 

sitting time (Stanton et al., 2014) and has good validity for sitting, lying and upright posture 

assessment (Edwardson et al., 2016; Grant et al., 2006; Hart et al., 2011; Lyden et al., 2012; 

Ryan et al., 2006). Participants recorded sleep/waking times, working hours (workdays only), 

and device removals (duration & reasons for) in a log book to allow cross-referencing of the 

data during processing (see Appendix 28 for participant instructions and log book) 

(Edwardson et al., 2017). Data was processed using Processing PAL (v1.2, University of 

Leicester, Leicester, UK) and calibrated to waking and working hours from participants’ 

logbooks. The algorithm used in the Processing PAL software has been validated among a 

representative sample of free-living adults aged 35 and older from the AusDiab 2011/12 

cohort, showing 88% agreement (Kappa > 0.8) with diary methods of activity monitoring 

(Winkler et al., 2016). The algorithm, using a 24-hour wear protocol, automatically classifies 

activity events recorded by the activPAL into sleep or non-wear and valid or non-valid days 

(Winkler et al., 2016). The algorithm does this by identifying days with very little movement, 

and contiguous periods of low activity and/or no postural changes (Winkler et al., 2016). 
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8.3.8.1 Activity monitor data processing 

Time recorded through the activPAL3 was designated as wear time, non-wear time, or 

working time. To be included in the analysis, 4 days’ worth of data was necessary with a 

minimum of one non-work day (Edwardson et al., 2017). Sleep and times when the device 

was not worn were excluded from the analysis. Working from home was excluded as work 

time (Nooijen, Del Pozo-Cruz, et al., 2018). A valid day was 10 hours of wear time, 500 

steps, and 95% of time spent in one activity (standing, sitting, walking) (Edwardson et al., 

2017). For workdays only, devices had to be worn 80% of the time at work and for 5 hours 

of working hours in order to be included in the analysis. 

 

Data from the activePAL3 (presented as % wear time and in minutes/day) were divided into 

time spent sitting, standing, and stepping averaged over the valid days (both workdays and 

non-workdays). Prince and colleagues (Prince et al., 2014) suggest reporting total daily 

minutes of sedentary time as well as presenting sedentary time as a percentage of the day, as 

this ‘normalises’ the data, meaning it can be better compared across studies. Total minutes 

(normalised to an 8-hour workday or to a 16-hour total wake time) and percentage of time 

spent sitting, standing, and sedentary bouts as well as breaks from sedentary time, number of 

sit-stand transitions, and number of steps was derived for analysis. 

 

8.3.9 Cardiometabolic risk marker-related measurements 

8.3.9.1 Anthropometric measurements 

Body composition measures were taken via a bioelectrical impedance scale (TANITA BC-

418MA; Tanita Corp., Tokyo, Japan). Weight, fat mass and fat-free mass was measured to 

the nearest 0.1 kg and body fat percentage to the nearest 0.1%. Participants were asked to 

refrain from caffeine and alcohol for 24 hours prior to testing to standardise hydration status. 
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Individuals with a pacemaker were excluded from bioelectrical impedance testing. A 

Leicester (Seca, Hamburg, Germany) height measure was used to assess height to the nearest 

0.1 cm. Waist circumference was measured to the 0.1 cm using a Seca 201 (Seca, Hamburg, 

Germany) non-stretchable measuring tape placed halfway between the lowest rib and iliac 

crest on the skin after a normal expiratory breath. 

 

8.3.9.2 Blood pressure 

Blood pressure (mmHg) was measured while seated upright with the participant resting at 

least five minutes prior to measurement. Three readings on the left arm (resting on a table) 

were taken with the Omron M5-I automated oscillatory device (Omron Matsusaka Co Ltd, 

Matsusaka, Japan) with the average being recorded. From this, the mean arterial pressure was 

calculated using the formula [where P is pressure (diastolic or systolic)] (Meaney et al., 

2000):  

 

𝑀𝑒𝑎𝑛 𝑎𝑟𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ≅ 𝑃𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐 +
1

3(𝑃𝑆𝑦𝑠𝑡𝑜𝑙𝑖𝑐 − 𝑃𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐)
 

 

8.3.9.3 Glucose and lipid profile 

Participants had their total, low density lipoprotein (LDL) cholesterol, and high density 

lipoprotein (HDL) cholesterol, as well as their triglycerides and glucose levels collected in a 

fasted state using a capillary finger prick blood sample. Analysis was via the Cholestec-LDX 

analyser (Abbott Laboratories, Chicago, IL, USA). 
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8.3.10 Questionnaires 

8.3.10.1 Demographic questionnaire 

Data pertaining to the following were obtained at baseline: age, gender, ethnicity, education, 

cohabitation status, job role, rank, years in service, hours worked per week, office size, 

medical conditions, perceived health, and smoking and alcohol status (see Appendix 29). Age 

and gender questions were selected based on Bauman et al.’s (Bauman et al., 2011) 

epidemiological study of demographic correlates of whole day sitting time. Rank, education 

and cohabitation status questions were selected from the Airwaves health monitoring study 

on British police (Gibson et al., 2017). Tobacco smoking questions were worded according to 

WHO guidelines (WHO, 2011). Alcohol consumption questions were worded according to 

the Alcohol Use Disorders Identification Test for Consumption (AUDIT-C; Bush et al., 

1998). 

 

8.3.10.2 International Physical Activity Questionnaire 

The International Physical Activity Questionnaire short form (IPAQ) measures self-reported 

physical activity and sitting time in the last seven days (The IPAQ Group, 2020). Participants 

are asked to consider “the time [they] have spent being physically active in the last 7 days” 

and covers nine questions pertaining to work activities, housework and/or gardening, travel, 

and leisure time activities (sport, recreation, and/or exercise). Participants are asked to report 

frequency of participation (0-7 days) and duration of activity on one of those days (in hours 

and minutes). Total MET minutes (metabolic equivalents of time) of activity per week were 

calculated from combined responses with walking estimated at 3.3 METs, moderate physical 

activity estimated at 4 METs, and vigorous physical activity estimated at 8 METs (The IPAQ 

Group, 2020). METs represent multiples of one’s resting metabolic rate and allows 

comparison across activities with different intensities. A highly active individual performs 
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vigorous activity three or more days a week with a minimum total of 1500 METs or performs 

a variety of activities seven days a week totalling 3000 METs or more. Moderate scorers 

meet one of three conditions: 1) perform a variety of activities five days a week totalling 600 

METs or more, 2) at least five days of moderate intensity activity and/or walking for 30 

minutes each day, or 3) three or more days of vigorous intensity activity for 30 minutes or 

more per day. Low scorers fall below these thresholds. The IPAQ has demonstrated 

acceptable reliability (Spearman’s correlation coefficient of about 0.8, ranging from 0.96 to 

0.46), and criterion validity (median p ~ 0.30) in measuring activity in the last seven days 

(Craig et al., 2003). 

 

8.3.10.3 Domain-specific sitting 

The Marshall sitting questionnaire measured domain-specific sitting time on weekend days 

and weekdays (Marshall et al., 2010). Five questions assessed sitting time (hours and 

minutes) during: 1) travel to/from places, 2) work, 3) television viewing, 4) computer use at 

home, and 5) leisure time. Domain-specific responses were summed separately for weekday 

and weekends to provide estimates of total sitting time. This questionnaire was selected for 

its high reliability coefficients (r = 0.81 for women, and r = 0.84 for men) and validity 

coefficients (r = 0.69 for women, and r = 0.74 for men) for sitting time at work on weekdays 

(Marshall et al., 2010). 

 

8.3.10.4 Nordic Musculoskeletal Questionnaire 

The Nordic musculoskeletal questionnaire assesses the prevalence of musculoskeletal 

complaints. The tool is comprised of 40 forced-choice questions pertaining to low back, neck, 

shoulder and general physical complaints most often experienced in the work setting 

(Crawford, 2007; Kuorinka et al., 1987). Participants are also asked to consider if the 
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musculoskeletal pain has prevented them from carrying out their normal duties in the last 

seven days and within the last year. A visual diagram aids the viewer by labelling the nine 

regions of the body referred to in the questionnaire. Individual responses are used as a 

screening tool (Kuorinka et al., 1987) assessed as specific body regions experiencing pain, 

and if that pain was present recently or over the last year. As a group measure, results can be 

presented as the proportion of the population experiencing specific (e.g., back pain) or 

general (e.g., any pain) musculoskeletal pain, and percentage of complaints experienced in 

the last seven days and twelve months. Acceptable reliability for this tool has been 

demonstrated for screening purposes (Crawford, 2007; Kuorinka et al., 1987).  

 

8.3.10.5 Operational Police Stress Questionnaire and Organisational Police Stress 

Questionnaire 

Both the Operational police stress questionnaire (PSQ-Op) and organisational police stress 

questionnaire (PSQ-Org) assess police-specific occupational stressors with participants asked 

to rate items on “how much stress it has caused you over the past 6 months” using a 7-point 

Likert scale (1 = no stress at all to 7 = a lot of stress) (McCreary & Thompson, 2006). The 

PSQ-Op measures 20 stressors related to operational duties like “shift work” or “feeling like 

you are always on the job”, and has been found to be highly reliable (alphas > 0.90; corrected 

item-total correlations between 0.40 – 0.60) and positively correlated (r = 0.50 or less) with 

other general stress measures (McCreary & Thompson, 2006). The PSQ-Org measures 20 

stressors related to the organisation like “dealing with co-workers” and “too much computer 

work”. Scores are summed on each scale (for a possible total of 20 – 140), with a higher 

score indicating a higher level of stress. Both scales have demonstrated good internal 

consistency and reliability (PSQ-Op Cronbach’s alpha = 0.93; PSQ-Org Cronbach’s alpha = 

0.92; PSQ-Op corrected item – total correlations = 0.50 – 0.70, PSQ-Org corrected item – 
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total correlations = 0.41 – 0.73.). Construct validity (associations between perceived stress 

and frequency), discriminant validity (compared with general life stressors), and concurrent 

validity (compared with job satisfaction measures) were acceptable (McCreary & Thompson, 

2006).  

 

8.3.10.6 Job satisfaction and job performance 

Job satisfaction and job performance were measured using two single-item questions 

(Appendix 30). Job satisfaction (“How satisfied are you with your job in general?”) was 

assessed on a 7-point Likert scale (1 = dissatisfied to 7 = extremely satisfied). Job 

performance (“How well do you think you have performed in your job recently?”) was also 

be assessed on a 7-point Likert scale (1 = very poorly and 7 = extremely well). Construct, 

discriminant, and concurrent validity and reliability have not been demonstrated at this time, 

however, these measures have been used in previous multi-component interventions as 

exploratory measures (Edwardson, Yates, et al., 2018; Maylor et al., 2018).  

 

8.3.10.7 Warwick-Edinburgh Mental Well-being Scale 

The Warwick-Edinburgh mental well-being scale (WEMWBS) is a 14-item questionnaire 

used to assess various aspects of positive mental health (e.g., “I’ve been feeling optimistic 

about the future”) (Tennant et al., 2007). Participants are asked to rate their experience of 

each wellbeing statement between 1 and 5 (1 = none of the time and 5 = all of the time). Item 

scores are then combined to provide a total score (between 14 – 70). The higher the score the 

better the overall mental wellbeing. For intervention purposes, a change in the total score of 3 

– 8 points between two time points may be considered a “meaningful change” (Taggart et al., 

2015). 
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8.3.10.8 Positive and Negative Affect Schedule 

The Positive and Negative Affect Schedule (PANAS) consists of two 10-item scales to 

measure positive and negative affect (i.e., mood) (Watson et al., 1988). A number of words 

that describe different feelings and emotions (e.g., “interested”, “distressed”, “excited”) are 

presented and participants are asked to indicate on a 5-point scale to what extent over the past 

week they have felt these feelings/emotions (1 = very slightly or not at all and 5 = 

extremely). Scores are summed separately for each scale (with a score of 10 – 50 possible) 

with a higher score indicating higher positive or negative affect. These scales are internally 

consistent (alpha reliabilities range from 0.86 – 0.90 for positive affect and from 0.84 – 0.87 

for negative affect), with very good convergent and discriminant correlations, and they 

demonstrate stability over a time period of two months (Watson et al., 1988).  

 

8.3.11 Post-intervention interviews 

The purpose of the interviews was to gather in-depth feedback about all aspects of the 

intervention including acceptability, feasibility, and fidelity. Participants were informed of 

the purpose of the interview and gave verbal consent to participate in the interview, 

permission for the research team to use anonymous quotes, and acknowledged their right to 

withdraw at any time without penalty or prejudice. Interviews were semi-structured covering 

topics related to the experience of breaking up and reducing prolonged sitting at work and 

lasted about 30-50 minutes. An interview schedule with questions based on COM-B/TDF 

adapted from Ojo et al. (2019) is available in Appendix 31. After the initial interview 

questions, participants were given their health report and a discussion about their reaction to 

their results was had. All interviews were conducted in-person apart from one over mobile 

telephone. Regardless of mode, all took place during work hours in one of two private 

meeting rooms. Interviews were recorded and transcribed verbatim using Otter.ai (AISense, 
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Inc, Los Altos, CA, USA), but backup recordings were made with either a Tascam DR-05 

dictaphone (TEAC Corporation, Montebello, CA, USA) or Quicktime software (Apple Inc., 

Cupertino, CA, USA). Otter.ai transcriptions were checked for accuracy and if a 

recording/transcription had failed, Express Scribe (NCH Software, Inc., Canberra, Australia) 

and an Infinity IN-USB-2 foot pedal (AltoEdge Pty Ltd., Colorado, USA) were used to 

transcribe the interview verbatim. Transcripts were de-identified and anonymised prior to 

analysis. Participants were offered the opportunity to request a copy of their transcript for 

verification prior to analysis, however, none was requested. No repeat interviews were 

carried out. Feedback was not provided by participants on the interview findings.  

 

8.3.12 Analysis of data 

8.3.12.1 Primary outcome analyses 

The PRECIS-2 tool and RE-AIM framework were used to narratively evaluate intervention 

feasibility. These incorporated the following: the use of a CONSORT diagram detailing 

participant progression through the study to show eligibility, recruitment, and retention rates; 

qualitative interview data to understand the participant experience, engagement with 

intervention components, and barriers and facilitators to reducing and breaking up prolonged 

sitting time at work; and both qualitative and quantitative descriptions of fidelity. PRECIS-2 

ratings were assessed first by the thesis author (MB) and then discussed and agreed by all 

members of the research team (LS, AC, DB). 

 

Interview transcripts were thematically analysed using inductive methods to identify common 

themes (Braun & Clarke, 2006), then applying a deductive framework (RE-AIM) to 

understand themes in the context of feasibility (Norris et al., 2018). Supporting quotes are 
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presented in the feasibility evaluation to add qualitative information about how the 

intervention worked and was perceived by participants.  

 

8.3.12.2 Secondary outcome analyses 

For preliminary effects, a paired samples t-test was performed to assess changes from 

baseline to follow-up using SPSS v26.0 (SPSS Inc., Armonk, New York). Missing data were 

excluded case-wise. Sedentary behaviour data were normalised to an 8-hour workday or a 16-

hour waking day and presented as mean [95% confidence interval (95% CI)] or [standard 

deviation (SD)]. Sedentary behaviour data were also presented as percent of total work time 

or percent of total daily time. Significance was set at a two-tailed alpha level of ≤ 0.05. 

Cohen’s d was calculated to describe the magnitude of change (Wasserstein & Lazar, 2016). 

A d ≤ 0.20 was considered a small effect, d = 0.50 a medium effect, and d ≥ 0.80 a large 

effect (Cohen, 1992). 

 

8.4 Results 

8.4.1 Primary outcome – Feasibility  

8.4.1.1 Findings from PRECIS-2 analysis 

Results for the PRECIS-2 evaluation are narratively presented below (also see Figure 8.1).  
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Figure 8.1. Feasibility evaluation of A-REST according to the PRagmatic Explanatory 

Continuum Indicator Summary tool (PRECIS-2; Loudon et al., 2015; Thorpe et al., 2009)  

1. Eligibility 

To what extent are the participants in the trial similar to those who would receive this 

intervention if it was part of usual care? 

A rating of 4 was given to ‘Eligibility’ as intervention participants were largely 

representative of the type of individual who would receive this treatment if it was usual 

care, namely, police staff (Figure 8.1). A higher proportion of women (79.2%, n=19) than 

men participated in the present study, which was a higher representation than observed in 

the staff population at Bedfordshire Police (64.0%, n=542) (Bullock, 2017). Also, 12.5% 

of participants (n=3) in this study were of Black and Ethnic Minority (BME) backgrounds 
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which was also greater representation than observed in the police staff population (5.3%, 

n=45). This study’s sample characteristics (e.g., age, sex) were comparable to other 

sedentary workplace interventions in office workers (Brierley et al., 2019; Chau et al., 

2010; Shrestha et al., 2016). Due to self-selection and the fact the trial was conducted at 

only one location (headquarters), the rating was lowered a point to 4.  

2. Recruitment 

How much extra effort is made to recruit participants over and above what would be used 

in the usual care setting to engage with patients? 

A rating of 3 was given for ‘Recruitment’ as several recruitment efforts including 

targeted emails, management assistance, booths in the canteen, and multiple intranet 

postings were made to recruit participants (Figure 8.1). This would be over and above 

that which would be used in a usual care scenario if it was run internally by the Force. 

However, emails and intranet postings were not overly onerous, and the Force already 

employs a Health and Wellbeing coordinator (our research liaison for this study).  

3. Setting 

How different are the settings of the trial from the usual care setting? 

A rating of 4 was given for the ‘Setting’ because it was conducted in a range of 

departments and offices where police staff work (Figure 8.1). However, the rating was 

adjusted given it was only conducted in one constabulary site.  

4. Organisation 

How different are the resources, provider expertise, and the organisation of care delivery 

in the intervention arm of the trial from those available in usual care? 

A rating of 4 was given for ‘Organisation’ (Figure 8.1). The intervention is likely to be 

relatively easily transferable into practice with minimal training of providers and by 

automating certain aspects of the competition. If data collection were to be included in 
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this evaluation, however, the rating would decrease to 2 or 3 because of the extra 

resources required.  

5. Flexibility (delivery) 

How different is the flexibility in how the intervention is delivered and the flexibility 

anticipated in usual care? 

A rating of 4 was given for ‘Flexibility (delivery)’ as the intervention was flexible and 

scalable. QR codes can be placed wherever is useful to an organisation and online 

adaptations are imminently possible (Figure 8.1). The intervention can be delivered by an 

in-house provider given minimal training.  

6. Flexibility (Adherence) 

How different is the flexibility in how participants are monitored and encouraged to 

adhere to the intervention from the flexibility anticipated in usual care? 

‘Flexibility (Adherence)’ was rated as 3 because, as delivered, the intervention was less 

flexible because of the person power required to run the competition, compile the 

leaderboard, and send out emails each week, which would be over and above usual 

practice (Figure 8.1).   

7. Follow-up 

How different is the intensity of measurement and follow-up of participants in the trial 

from the typical follow-up in usual care? 

‘Follow-up’ was given a rating of 3 (Figure 8.1). In defining ‘follow-up’ in this context, 

several types of data collection need to be considered. QR code logging of breaks 

required minimal input from the organisation or individuals involved and is thus highly 

pragmatic. Additionally, the weekly leaderboard results which, if automated, present little 

additional work for the organisation and are also pragmatic. However, the rating is 

decreased slightly by the fact that as per the protocol, these results should be sent via 
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email by a manager who has personalised the content for their team. It has not been 

factored into the evaluation here but should the activity monitors and health assessments 

be included in the rating, then it would be much more explanatory (1 or 2).  

8. Primary outcome 

To what extent is the trial’s primary outcome directly relevant to participants? 

‘Primary outcome’ was rated as 5 as prolonged workplace sitting (a secondary outcome 

in this study, but the primary outcome in a full scale trial) was perceived to be highly 

relevant to individuals in the current study (Figure 8.1).   

9. Primary analysis 

To what extent are all data included in the analysis of the primary outcome? 

‘Primary analysis’ was rated as 5 as the intervention was designed to be feasible in a large 

population, thus in future trials, intention-to-treat analyses using all available data would 

be advised (Figure 8.1). 

 

8.4.1.2 Findings from RE-AIM analysis 

Reach 

Recruitment and retention rates are presented in Figure 8.2. About one quarter (n=42) of 

target participants (n=175-200) expressed interest in the study, but only half of these were 

eligible and enrolled (n=24) leading to a conservative estimate of reach of 12%. The 

Communications team posted the study on the Force intranet (potentially seen by all 

employees) towards the end of recruitment to boost numbers which may have influenced 

reach. According to the most recent figures available (as of March 2016; Bullock, 2017), 

Bedfordshire Police employed 2,272 people, 847 of whom were police staff. Though not 

ideal, this strategy did appear to prompt employees from the originally-targeted population 

into registering their interest nearly two months after the recruitment process began. 
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Common reasons for ineligibility included: working from home (ICT workers in particular), 

being hesitant to sign up without colleagues (signpost workers in particular), strict exclusion 

criteria meaning that some Force control centre employees were ineligible because they 

covered 999 calls on a temporary basis (once a month), working at satellite offices several 

days of the week, and technically having an emergency response role despite self-declaring 

as a sedentary desk worker (e.g., some ranked police officers).   

 



 249 

 

Figure 8.2. Recruitment flowchart detailing the population target, recruitment strategies and 

response rates, baseline data collection attendance, and study schedule  
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Participation rates and sample description 

The cohort was predominantly White British (87%), female (79%), non-managers (67%), 

with an average of 11.7 years (SD=10.8) in service (see Table 8.3). Only a quarter of 

participants (n=6) had a university degree or higher. Participants worked an average of 38.2 

hours (SD=1.9) per week on 7.5 hours shifts (mode; range: 7.5 – 12.0 hours). Participants 

self-reported that they sat for 15.5 hours (SD=6.8) on weekdays and 12.8 hours (SD=8.0) on 

weekends, while device-measured data showed a mean of 10.7 hours (SD=1.7) of total daily 

sitting time (weekdays and weekends combined). Activity monitor data showed participants 

spent an average of 382.9 minutes (SD=65.8) (i.e., 6.38 hours; SD = 1.10) per 8-hour work 

shift sitting at baseline (see Table 8.4). They self-rated their health as mostly good to very 

good (79%; on a 4-point scale of poor, good, very good, excellent), were moderately 

physically active according to the IPAQ [1457 MET minutes (SD=829) achieved over five or 

more days and including all walking, moderate and vigorous physical activity], and only 

three were current tobacco smokers (12.5%). Ten participants (41.7%) self-reported one or 

more elevated cardiometabolic risk marker at baseline. Men but not women showed 

increasing risk for alcohol dependence [AUDIT-C scores of 6.6 (SD=1.3) and 3.5 (SD=1.7), 

respectively]. Figure 8.3 shows the flow of participants through the intervention.  

 

Baseline affect, wellbeing, and self-reported stress outcomes are shown in Table 8.5. 

Participants rated their job satisfaction and work performance as moderate-to-high on 

average [both 5 (SD=1) out of 7]. Twenty-two individuals (91.7%) reported experiencing 

musculoskeletal pain at baseline, which affected them carrying out their normal activities 

(e.g., job, hobbies, housework) within the last seven days (56% of complaints), and/or within 

the last 12 months (30% of complaints).  
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Table 8.3. Baseline socio-demographic characteristics of police staff participants (n=24) 

Characteristic 

Mean or N 

(n=24) SD or % 

Sex (women) 19 79.2% 

Age (years) 42.8 11.26 

Ethnicity (Black and Minority Ethnic) 3 12.5% 

Married/civil status/cohabiting 17 70.8% 

Education   
GCSE or equivalent 9 37.5% 

Vocational qualifications 2 8.3% 

A levels / Highers or equivalent 7 29.2% 

Bachelor’s degree or equivalent 5 20.8% 

Postgraduate qualifications and above 1 4.2% 

 

 

Table 8.4. Baseline sitting, standing and stepping time per 8-hour work shift for police staff 

participants (n=19) 

 

Variable (units) M  

(n=19) 

 

SD 

Sitting time per shift (mins) 382.90 65.80 

Sitting time per shift (%) 79.77 13.71 

Standing time per shift (mins) 68.94 60.93 

Standing time per shift (%) 14.36 12.69 

Time in sitting bouts ≥30mins per shift (mins) 233.39 73.84 

Time in sitting bouts ≥30mins per shift (%) 48.62 15.38 

Number of sitting bouts ≥30mins per shift 4.36 1.21 

Number of sit-upright transitions per shift 23.21 5.50 

Stepping time per shift (mins) 28.16 14.76 

Steps per work shift 2,571.48 1,555.98 

NOTE: Data normalised to an 8-hour workday (shift). Only 19 of 24 participants’ data is 

available due to device malfunctioning, refusal to wear, or work criteria not met for activPAL 

analysis. Mins = minutes 
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Table 8.5. Baseline affect, wellbeing, and self-reported occupational and organisational stress 

levels of police staff (n=24) 

Variable (Survey; Range) Mean score 

(n=24) 

 

SD 

Positive affect (PANAS; range 10-50) 27.54 7.81 

Negative affect (PANAS; range 10-50) 14.54 4.93 

Wellbeing (WEMWBS; range 14-70) 47.67 6.20 

Occupational stress (PSQ-OP; range 20-140) 36.50 17.48 

Organisational stress (PSQ-ORG; range 20-140) 44.79 3.92 
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Figure 8.3. CONSORT diagram showing the flow of participants through the study 
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Effectiveness   

This domain of RE-AIM was not relevant for this feasibility study, but preliminary effects on 

secondary outcomes are reported below to help inform the efficacy of the intervention that 

could be evaluated in a full RCT. 

 

Adoption (intervention agents)  

Eleven department managers at headquarters were initially approached by the research 

contact at the Force and gave permission for their employees to participate.  

 

Adoption (settings)  

Adoption by department was mixed at the single site level. Nine out of eleven (82%) 

departments initially contacted for recruitment participated, though a third of these were 

represented by only one employee (see Figure 8.2 – recruitment flow chart). Two 

departments that did not participate were Information and Communication Technologies 

(ICT) and the Resource Management Unit (RMU).  

 

Implementation (intervention agents)  

Originally, one person from each office team would volunteer as a health champion in order 

to personalise and forward on the weekly emails from the research team. The small teams of 

three were not conducive to this approach, thus the research liaison (who was not a 

participant in the study, but who did sit in one of the participating offices), was asked to 

perform the role. Due to the time requirement (cost), the liaison was only able to personalise 

two of the eight emails (25%). All of the emails were sent out by the thesis author apart from 

week one, which was sent by the research liaison (again, due to time limitations of the 

liaison).  
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Implementation (individual) 

Timings 

Security considerations influenced the timing of other study elements like recruitment, room 

bookings for the workshop, and data collection. It was necessary to go through a gatekeeper 

which could be time consuming and inefficient. To make things easy for participants, 

everything from the workshop to the data collection sessions could be self-booked 

anonymously via a purpose-made online spreadsheet: 

“I liked the booking on the spreadsheet. That was really simple, and it gave 

you the all the options so you could do it yourself, so I liked that.” (P5) 

 

Lecture and workshop 

In order to accommodate varying work shift patterns and availability, the workshop was 

offered at four different times over four days during week one (at 9:30, 12:30, 14:00 and 

19:00). Five participants were unable to attend any workshop and were hand-delivered the A-

REST behaviour change booklet and workshop materials (a handout with suggestions for 

electronic prompt tools) by the research liaison. For those who attended, the educational 

lecture was delivered as intended and appeared useful for providing information about health 

consequences: 

“I was surprised by the basis for it. How detrimental the sitting, excessive 

sitting is. I hadn't really thought about it.” (P5) 

 

A-REST booklet 
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The booklet was completed by participants as intended during the workshop, but it was not 

particularly memorable as indicated during the interviews; the workshop itself was 

remembered better. Participants generally approved of the booklet, but most did not use it 

beyond the workshop: 

“It was probably more useful going through it in a big group. I thought that 

was quite good in that but honestly, I didn't refer to it afterwards.” (P1)  

Participants who did not attend a workshop most likely did not complete the booklet. 

Managers talked about taking part more to show solidarity with employees and less because 

they wanted to change their own behaviour: 

“To be honest, it [the booklet] wasn't overly relevant. Just because of what 

I've said earlier I was mostly more focused on the health bit and making sure 

the organisation are taking part rather than myself.” (P17) 

Electronic prompts 

To begin with, implementation of some intervention components had to be adapted due to 

security permissions. For example, because free computer prompting software options were 

open source, it was impossible to use these in a high security setting, and there was neither 

the time nor the resources to procure closed source software. The intervention was adapted 

by instructing individuals to choose from a selection of electronic prompts available on their 

phone or computer (e.g., phone app, recurring calendar appointment, or alarm). It was 

hypothesised that if the participant chose their preferred mode of prompting, they would be 

more likely to engage with it. Engagement with the prompts varied based on the individual 

but according to interviews, the majority used one or were prompted by colleague’s prompt 

or behaviour: 
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“I think having several people in the office did it really helped because as I 

said, especially those that are more regimented and sat at their desk, they 

would have an alarm set. They would get up every, so, literally one person 

would get up and all of us would go, 'It's time!' and follow each other up.” 

(P14) 

Over time, participants began to anticipate the prompt: 

“As time went on, I kind of got used to it and then I was looking for it, even 

before it pinged, if you know what I mean. But, and I think the QR code 

really helped in like giving you a reason to get up.” (P8) 

 

QR codes  

Participants were told to log their break every half an hour and no additional instructions 

were given with the explicit purpose of discovering patterns of use. Participants decided on 

placement of QR codes, which resulted in assigning one to every team’s office as well as 

common areas like the canteen, near toilets, and in stairwells. All participants were given the 

option to carry a personal QR code ‘card’ that could fit in their lanyard for logging breaks 

during meetings (after it was mooted in one of the workshops). Break logs indicated that the 

most frequently used QR codes were those located within participants' respective offices: 

“Just it [the office QR code] was the closest by. I did use the one in the 

canteen a few times. And I used the one that I had on the card as well for like 

the meetings.” (P9)  

Evidence of behaviour patterns emerged; for example, a couple of participants regularly 

worked a walking route into their breaks and would scan the same QR codes in the order that 
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they passed them. Participants still found it challenging to take breaks and/or stand during 

meetings: 

“Yeah I'll have a meeting and, well, we said this before about maybe 

standing up, but yeah in practice it doesn't work so much.” (P4) 

 

Competition 

The competition helped make the taking of breaks acceptable because of the team-based 

nature of it: 

“I like that camaraderie that, ‘Let's do it together. Let's motivate each 

other.’.” (P15)  

A complaint of cheating made in a joking manner over email was investigated in the second 

week: 

“They cheated! ☺” (P9)  

QR code break logs confirmed that two participants were repeatedly logging breaks less than 

30 minutes apart. Once the pattern was detected, the decision was made to cap the number of 

breaks a participant could claim based on their working hours that day (i.e., 16 breaks in an 

8-hour workday). The competition also had to be altered due to the very high and very low 

engagement of certain teams. It was felt that large discrepancies in points between these 

teams would lead to amotivation among low engagers and therefore the decision was made to 

average the team points based on participating individuals within the team each week. 

Interviews revealed that there were occasional issues around internet connectivity and 

specific devices: 
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“Sometimes mine didn't register. Because I was going to scan it and I 

thought I couldn't connect, particularly downstairs. Or sometimes, my 

phone's not brilliant, it wasn't connecting to wherever it should connect, so 

it'd scan but then it gets stuck.” (P4) 

 

Emails 

Participants reported looking forward to the emails each week in large part due to finding out 

the leaderboard standings: 

“Yeah I liked that. I think that was good and everybody was like, 'Oh, 

[colleague's name] you've won again on that team. ((laughs)) Something like 

that that's fine, you know, a little bit of fun isn't it? And a little trophy. 'Oh 

yes, we've got the trophy'. Yeah so that was good.” (P18) 

No adaptations were made apart from the research liaison adding a personalised message in 

weeks one and five. Participants did not feel the presence or absence of management's 

involvement with the emails impacted how they perceived the message, nor did it affect their 

engagement with the rest of the intervention. It was generally remarked that they felt 

supported by the organisation:  

“I think it's always good to see little messages and things. That little extra 

inspiration or something.” (P18) 

 

Rise and recharge® app 

Most participants reported downloading and engaging with this break tracking app: 
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“I quite like the way it laid out like the colours and the circles and things. 

Quite visual it was easy to see how you've done in the day.” (P13)  

Importantly, the app only gave feedback on break behaviour. The optional prompting 

function was not operational throughout the entirety of the study and thus was not used by 

participants for this purpose. An issue that was sometimes reported was about accuracy, but it 

was unclear if this was down to app performance or participants taking breaks without their 

phone: 

“I did wonder whether it was that accurate because there were some times 

where I swear I’d got up and it hadn't registered. And I think in that sense, 

the biggest problem that I had, ‘'cos I don't really have pockets in my 

trousers, so I’ll just have my phone on my desk so if I do just nip to the toilet 

or something, I’d often forget to take the phone with me.” (P13) 

 

Maintenance (individual)  

No follow-up was planned for this intervention. In post-intervention interviews, participants 

discussed their plans for maintenance which included continuing to take frequent breaks, 

although sometimes at a lesser frequency, but also attempting/continuing with other healthy 

lifestyle behaviours such as making use of sit-stand hot desks on shift, improving their diet, 

and discussions around forming a walking group: 

“I don't think I will do half an hour. I would definitely try and do it in within 

an hour to be able to get up and go do something. Yeah, I think that would 

work better for me.” (P12) 

“That's something I've been doing with the up and down-y desks. A lot more 

is standing up and doing the shift.” (P1) 
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 New break habits were established in just eight weeks to the point that one person earned a 

nickname but appeared proud of it saying: 

“Generally, I'll make sure, as I say, I'm making coffee every hour and a half, 

at least. I'll be up doing that and obviously taking breaks in between then, so 

yeah, that is definitely more of a habit.” (P1)  

Others were regretful that they had not done more initially to form new habits: 

“I mean I would like to [continue] however, in reality, I probably should 

have bought into the kind of psychological techniques that you suggested 

early on… largely because of the kinda the extra strain that I was under.” 

(P12) 

 

Maintenance (organisational)  

There are signs from the organisation that they wish to continue to implement the 

intervention as part of routine practice. Email discussions with management and feedback at 

a Police Health and Wellbeing board meeting on 26th February 2020 indicated the police 

would like to continue with the QR code competition (QR codes were still up around the site 

as of the meeting date). 

 

8.4.2 Secondary outcomes 

8.4.2.1 Changes in sedentary behaviour, standing and stepping (at work) 

There were significant differences in the change from baseline to post-intervention 

(normalised to an 8-hour workday) including decreased total sitting time at work (-17.65 

minutes, 95% confidence interval [CI]: - 34.17 to -1.13 minutes; p = 0.04), decreased 

percentage of workday sitting time (-3.68%; 95% CI: -7.12 to -0.24; p= 0.04), and increased 
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standing time (15.49 minutes; 1.87 – 29.12; p=0.03); all approaching a medium effect size (d 

=0.46 – 0.47) (see Table 8.6). 

 

Percent of time spent in prolonged sitting bouts (≥ 30 minutes) decreased from 52.05% to 

38.73% (-13.32; -20.54 to -6.11; p=0.001) meaning participants went from accumulating 

249.85 minutes in prolonged sitting bouts to 185.89 minutes (-63.95 minutes; -98.59 to -

29.31; p=0.001); both with large effect sizes (d=0.85).  

 

The number of prolonged sitting bouts greater than 30 minutes decreased (-0.96; -1.80 to -

0.12; p=0.03) with a medium-large effect size (d=0.72). Also, the number of sit-upright 

transitions increased by 3.70 (1.39 to 6.02; p=0.001) with a medium effect size (d=0.63). 

Stepping time and number of steps per shift did not change significantly. 

 

8.4.2.2 Changes in sedentary behaviour, standing, and stepping (daily) 

There were no significant differences in the change from baseline to post-intervention 

(normalised to a 16-hour waking day) on any measures (see Table 8.7). 
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Table 8.6. Changes in minutes (mins) or percent of time (%) spent in sedentary behaviour, standing, and stepping at work (normalised to an 8-

hour workday) from baseline to post-intervention 

 

Note: *Significant at p≤0.05 level 

Variable

Baseline 

mean 

(n=15) Lower Upper

Post-

intervention 

mean 

(n=15) Lower Upper

Mean 

difference Lower Upper P Effect size

Sitting time per shift (mins) 399.21 379.29 419.14 381.56 358.78 404.34 -17.65 -34.17 -1.13 .04* 0.46

Sitting time per shift (%) 83.17 79.02 87.32 79.49 74.75 84.24 -3.68 -7.12 -0.24 .04* 0.46

Standing time per shift (mins) 52.86 36.84 68.89 68.36 48.15 88.56 15.49 1.87 29.12 .03* 0.47

Standing time per shift (%) 11.01 7.67 14.35 14.24 10.03 18.45 3.23 0.39 6.07 .03* 0.47

Time in sitting bouts ≥30mins per shift (mins) 249.85 218.99 280.71 185.89 135.72 236.07 -63.95 -98.59 -29.31 0.00* 0.85

Time in sitting bouts ≥30mins per shift (%) 52.05 45.62 58.48 38.73 28.27 49.18 -13.32 -20.54 -6.11 0.00* 0.85

Number of sitting bouts ≥30mins per shift 4.70 4.25 5.14 3.73 2.78 4.69 -0.96 -1.80 -0.12 .03* 0.72

Number of sit-upright transitions per shift 22.81 19.55 26.08 26.51 23.27 29.76 3.70 1.39 6.02 0.00* 0.63

Stepping time per shift (mins) 27.92 19.52 36.33 30.08 22.45 37.71 2.16 -6.64 10.96 0.61 0.15

Steps per work shift 2591.82 1689.12 3494.53 2710.70 1847.79 3573.61 118.87 -830.80 1068.55 0.79 0.07

95% Confidence Interval 95% Confidence Interval 

95% Confidence Interval 

of the Difference



 264 

 

 

Table 8.7. Changes in daily minutes (mins) or percent of time (%) spent in sedentary behaviour, standing, and stepping (normalised to a 16-hour 

waking day) from baseline to post-intervention

 

Variable

Baseline 

mean 

(n=17) Lower Upper

Post-

intervention 

mean 

(n=17) Lower Upper

Mean 

difference Lower Upper P Effect size

Sitting time (mins) 630.71 586.57 674.86 650.76 609.69 691.83 20.04 -13.64 53.73 0.23 0.24

Sitting time (%) 65.70 61.10 70.30 67.79 63.51 72.07 2.09 -1.42 5.60 0.23 0.24

Standing time (mins) 235.72 196.46 274.97 223.52 186.17 260.88 -12.19 -36.35 11.97 0.30 0.16

Standing time (%) 24.55 20.46 28.64 23.28 19.39 27.18 -1.27 -3.79 1.25 0.30 0.16

Time in sitting bouts ≥30mins (mins) 384.29 332.30 436.27 364.91 324.16 405.67 -19.37 -67.39 28.64 0.40 0.21

Time in sitting bouts ≥30mins (%) 40.03 34.61 45.45 38.01 33.77 42.26 -2.02 -7.02 2.98 0.40 0.21

Number of sitting bouts ≥30mins 6.97 6.17 7.78 6.81 6.08 7.54 -0.16 -1.00 0.67 0.68 0.11

Number of sit-upright transitions 46.08 41.85 50.31 48.51 44.22 52.80 2.43 -2.09 6.95 0.27 0.29

Stepping time (mins) 93.57 80.30 106.84 85.72 76.89 94.54 -7.85 -21.35 5.65 0.24 0.36

Steps 7863.39 6641.96 9084.81 7027.51 6170.78 7884.24 -835.87 -2060.15 388.41 0.17 0.41

95% Confidence Interval 95% Confidence Interval 

95% Confidence Interval 

of the Difference
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8.4.2.3 Changes in cardiometabolic risk marker-related measurements 

Cardiometabolic risk markers are presented in Table 8.8. There were no significant changes 

from baseline to post-intervention in any anthropometric or cardiometabolic outcomes apart 

from a -0.86 kg weight reduction (95% CI: -1.68 – 0.03; p ≤ 0.04; effect size 0.05).
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Table 8.8. Changes in anthropometric and cardiometabolic risk markers from baseline to post-intervention 

  

Note: BPM = beats per minute, HDL = high density lipoprotein cholesterol, LDL = low density lipoprotein cholesterol; *Significant at p≤0.05 level. 

n

Baseline 

mean Lower Upper

Post-

intervention 

mean Lower Upper

Mean 

difference Lower Upper P Effect size

Waist circumference (cm) 19 88.21 82.44 93.98 87.77 76.12 99.42 -0.44 -2.05 1.17 0.57 0.04

Weight (kg) 19 78.47 69.98 86.95 77.61 57.82 97.40 -0.86 -1.68 -0.03 0.04* 0.05

Body mass index (kg/m2) 19 27.59 25.15 30.03 27.34 20.44 34.25 -0.25 -0.75 0.25 0.32 0.05

Body fat (%) 19 34.24 29.83 38.65 33.77 19.24 48.30 -0.47 -2.35 1.41 0.60 0.05

Fat free mass (kg) 19 51.17 45.34 57.01 50.97 29.67 72.27 -0.20 -1.53 1.13 0.76 0.02

Systolic blood pressure (mmHg) 19 125.42 117.39 133.45 124.81 89.27 160.34 -0.61 -5.70 4.47 0.80 0.04

Diastolic blood pressure (mmHg) 19 83.44 77.77 89.11 82.93 57.95 107.91 -0.51 -4.74 3.72 0.80 0.05

Resting heart rate (bpm) 19 65.12 58.46 71.78 63.46 35.41 91.50 -1.67 -7.54 4.21 0.56 0.13

Total cholesterol (mmol/L) 18 4.94 4.43 5.45 4.90 2.95 6.86 -0.03 -0.41 0.34 0.86 0.04

HDL (mmol/L) 19 1.51 1.21 1.80 1.52 -0.20 3.24 0.01 -0.14 0.16 0.86 0.02

Triglycerides (mmol/L) 19 1.13 0.77 1.49 1.18 -1.13 3.49 0.05 -0.19 0.29 0.65 0.07

LDL (mmol/L) 13 3.00 2.39 3.62 2.74 -0.14 5.63 -0.26 -0.67 0.16 0.20 0.30

NON-HDL (mmol/L) 16 3.56 3.03 4.09 3.45 0.27 6.62 -0.11 -0.48 0.25 0.52 0.12

LDL/HDL 13 2.36 1.76 2.96 2.27 -2.18 6.72 -0.09 -0.52 0.33 0.65 0.10

Fasting glucose (mmol/L) 19 4.95 4.69 5.22 4.75 2.91 6.59 -0.20 -0.45 0.04 0.10 0.41

Mean arterial pressure (mmHg) 18 97.42 91.22 103.61 96.89 42.11 151.66 -0.53 -4.77 3.71 0.80 0.04

95% Confidence Interval 95% Confidence Interval 

95% Confidence Interval 

of the Difference
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8.4.2.4 Changes in self-reported affect, wellbeing, stress, job satisfaction and job 

performance 

Positive affect significantly improved 3.63 points over the course of the intervention (95% 

CI: 0.89 – 6.37; p ≤ 0.01) with a large effect size (d = 0.87) (see Table 8.9). No other 

psychometric measures changed. 
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Table 8.9. Changes in positive and negative affect, wellbeing, occupational and organisational stress, job satisfaction and job performance from 

baseline to post-intervention 

 

 

n

Baseline 

mean Lower Upper

Post-

intervention 

mean Lower Upper

Mean 

difference Lower Upper P Effect size

Positive affect (PANAS) 19 28.84 25.14 32.55 32.47 29.69 35.25 3.63 0.89 6.37 0.01* 0.87

Negative affect (PANAS) 19 14.32 11.66 16.97 14.47 11.98 16.96 0.16 -1.74 2.06 0.86 0.04

Wellbeing (WEMWBS) 19 48.58 45.58 51.58 49.89 47.31 52.47 1.32 -1.39 4.02 0.32 0.20

Occupational stress (PSQ_OP) 19 34.37 26.70 42.04 34.47 28.51 40.43 0.11 -8.11 8.32 0.98 0.01

Organisational stress (PSQ_ORG) 19 41.53 30.25 52.81 44.74 32.04 57.44 3.21 -7.44 13.86 0.54 0.17

Job Satisfaction 19 5.05 4.48 5.62 5.16 4.65 5.67 0.11 -0.32 0.53 0.61 0.10

Job Performance 19 5.47 5.01 5.93 5.63 5.23 6.03 0.16 -0.13 0.45 0.27 0.18

Note: *Significant at p≤0.05 level. 

95% Confidence 

Interval

95% Confidence 

Interval 

95% Confidence 

Interval of the 

Difference
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8.5 Discussion 

8.5.1 Primary outcome – Feasibility  

The primary purpose of this study was to evaluate the feasibility of conducting a theory-

based sedentary behaviour reduction intervention study in a police staff setting. Previous 

pilot and feasibility studies have been conducted in office workers (e.g., Alkhajah et al., 

2012; Carr et al., 2013; Dewitt et al., 2019; Healy et al., 2013; Mantzari et al., 2019) but to 

the thesis author’s knowledge, this is the first study to use the RE-AIM and PRECIS-2 

frameworks.  

 

Overall the study was pragmatic in nature as it was deployed under usual conditions 

[organisation and flexibility (adherence)] with participants who may be representative of 

typical police staff workers (eligibility and setting). In general, specific demographic 

information on office-based police staff is lacking in the literature despite this occupational 

group comprising 29-36% of the Force (Association of Chief Police Officers UK Police 

Directory 2012, 2012, as cited in Elliott et al., 2014; Gibson et al., 2017). However, 

participants in the present study had a similar demographic make-up to that of a 

comprehensive police sample (n= 27,089 – 42,112), which included all ranks and roles 

(Elliott et al., 2014). A higher proportion of women (79.2%, n=19) than men participated in 

the present study, which was a higher representation than observed in the staff population at 

Bedfordshire Police (64.0%, n=542) (Bullock, 2017). This may be because women are more 

likely to self-select for sedentary workplace intervention studies. Indeed, women have been 

overrepresented in sedentary workplace intervention studies in the past (Brierley et al., 2019; 

Chau et al., 2010; Shrestha et al., 2016). Additionally, 12.5% of participants (n=3) in this 

study were of Black and Ethnic Minority (BME) backgrounds which was also greater 
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representation than observed in the police staff population (5.3%, n=45). During recruitment, 

participants were encouraged to sign up with officemates/colleagues/friends at work because 

office team clusters of three people were needed (BCTs: Social support, Restructuring the 

social environment), thus the social support aspect of this might partly explain the over-

representation of these groups. In comparison, one cluster-randomised controlled trial (RCT) 

of a multi-component intervention (Maylor et al., 2018) reported 15.7% of participants were 

of BME background, though it was not reported if this was representative of the population 

of a property/construction organisation also located in Bedfordshire, UK. Non-Caucasian 

representation in two large cluster RCTs have ranged from 20.3% (17.2% South Asian and 

4.1% other) in one UK-based study (Edwardson, Yates, et al., 2018), to 22% in an Australian 

study (Healy et al., 2016). However, it is unclear the exact proportion of BME participants in 

these studies and if these figures were representative of their workplace populations. Given 

the small sample size of the present study (n=24), further research is needed to determine if a 

small teams-based (cluster) approach is in fact conducive to inclusive recruitment and 

retention efforts. Pragmatically, intervention designers could consider using small teams-

based interventions (e.g., cluster RCTs) to take advantage of the potential to attract 

colleagues from under-represented groups. Future trials should also consider using stratified 

sampling and recruitment efforts to reflect the demographic makeup of the workforce. 

 

It is important to consider reach in effective behaviour change planning and health 

improvement in order to improve the external validity and generalisability of the 

intervention. Recruitment in the police workplace required an agile and responsive approach. 

This intervention reported a reach of 12% from the initial population identified as potentially 

eligible by management. Although seemingly low, this figure is comparable, if not slightly 

better, given the two month recruitment window than other sedentary workplace 
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interventions who have reported on it (e.g., Carr et al., 2013; Carr et al., 2016; Dewitt et al., 

2019; Puig-Ribera et al., 2015; Schuna et al., 2014; Tudor-Locke et al., 2014). For example, 

in a three-month timeframe, Puig-Ribera et al. (2015) initially contacted 2500 employees by 

email, obtaining 704 expressions of interest, 345 of which were deemed eligible and invited 

to participate by phone or email, leading to 264 employees who were enrolled in the study, 

giving a reach of 11%. One of the challenges in comparing across studies is that to date, the 

RE-AIM framework has not been formally used in the literature to evaluate sedentary 

workplace interventions, though elements of reach, effectiveness, adoption, implementation, 

and maintenance have been reported to varying degrees (Macdonald et al., 2018). Reach has 

been found to be the most frequently reported on characteristic (59% of studies reviewed), 

though within that dimension there were gaps in reporting, particularly on representativeness 

of participants versus non-participants and on qualitative indicators (Macdonald et al., 2018). 

Future research should incorporate thorough reporting of RE-AIM components so that trials 

are better informed about components like reach and can make effective use of resources and 

strategies to power studies as appropriate. Reach in the police setting was typical of sedentary 

workplace interventions and the use of a targeted strategy for identifying suitable 

departments and employees was efficient.   

 

Qualitative indicators from interviews were an important source of implementation and 

maintenance information for the RE-AIM evaluation; providing insight about engagement 

and how BCTs were perceived and received. Two key insights were that frequent short 

breaks were considered feasible and acceptable by participants, and that data collection may 

have provided unintended BCTs (e.g., Monitoring of behaviour by others without feedback, 

Monitoring by others without feedback). The breaks competition was well-received and 

assessed as feasible across different departments given the reduction in total and prolonged 
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sitting across the workday. Interview data indicated that receiving the emailed leaderboard 

standings every week was highly motivating. Interview data also indicated that the short, 

frequent breaks (3 minutes every 30 minutes) were acceptable. This appears to be consistent 

with other break studies, although qualitative data is scarce with most information detailing 

adherence levels. Mailey et al. (2016), for example, found that participants were more likely 

to adhere to taking frequent short breaks than fewer breaks of longer duration. In a study with 

Tasmanian Police and Emergency Management employees (including some staff with sworn 

duties), Exertime® computer prompts resulted in intervention participants (n=11) engaging 

with 6-7 breaks per workday lasting 1-2 minutes (Mainsbridge et al., 2014). However, this 

break behaviour was not tested for significance, nor was it confirmed with accelerometer 

data. Several strengths of the present study are that break behaviour was monitored with 

activPAL wear, additionally confirmed with QR code logging, and corroborated with 

qualitative accounts of break habits. It would appear that breaks in sitting are feasible and 

acceptable in the police staff setting. 

 

Data collection was identified by nearly all participants as providing unintended BCTs such 

as: Monitoring of behaviour by others without feedback, Monitoring without feedback, and 

Biofeedback. Credible source may also have been present in this instance because this was a 

university conducted, evidence-based trial. A further potential source of unanticipated BCTs 

were the GP referral letters provided to participants with cardiometabolic risk marker 

readings outside NICE health guidelines which were provided to participants in the first 

instance. In this case, BCTs such as Information about health consequences, Salience of 

consequences, Feedback on outcomes of behaviour, Prompts/cues, Incompatible beliefs and 

Comparison of outcomes (rather than behaviour), may have influenced participants’ 

behaviour. The mere measurement effect has been shown to influence sedentary behaviour in 
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a previous sedentary behaviour study (Voigt et al., 2018). The present study adds to the 

greater understanding of how and if data collection, as perceived by participants, delivers 

unintended BCTs.  

 

8.5.2 Secondary outcomes 

The secondary aim of the study was to assess the preliminary effects on sedentary behaviour, 

physical activity, cardiometabolic risk markers, psychological wellbeing and mood, stress, 

and work performance. Patterns of sedentary behaviour at work improved along with total 

workplace sitting and increased workplace standing time. Total daily sedentary behaviour did 

not change. Weight decreased significantly over the intervention period and positive affect 

improved. There were no improvements in other assessments of wellbeing, mood, stress, or 

work satisfaction or performance.   

 

8.5.2.1 Sedentary behaviour, standing, and stepping 

There was a reduction in total and prolonged workplace sitting, as well as an increase in 

standing time and sit-stand transitions, and a decrease in the number of prolonged sitting 

bouts. The reduction in workplace sedentary time may have been due to a similar increase in 

standing time, rather than stepping time which could be expected as participants were not 

given instructions to increase their steps at work. This is the first multi-component 

intervention to break up sitting time with a QR code competition. It was unique in that it not 

only provided feedback on behaviour, but also provided social comparison and a ‘reason’ to 

take a break. With smartphones now ubiquitous, interventions that aim to frequently interrupt 

sedentary time typically provide real-time accelerometer feedback on behaviour to 

incentivise and/or reward taking breaks with virtual badges and motivating visual displays 

(Bond et al., 2014). However, this only targets the individual and Study 1 (Chapter 4) 
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concluded that social comparison was the most frequent BCT in promising interventions 

(Brierley et al., 2019). The present study did include individual feedback from the Rise and 

Recharge® app and various break reminder apps, however, interview data suggested that the 

QR code team competition was the key driver behind behaviour change. Wearable devices 

like smartwatches (and to some extent smartphones) make use of social influences for 

improving physical activity behaviour, but none to the thesis author’s knowledge, have a 

function to lever social influences for taking 3-minute breaks every half hour. The present 

study presents a proof-of-concept design for such a strategy.  Future research should evaluate 

the effects of a QR code competition intervention on sedentary behaviour.  

 

8.5.2.2 Cardiometabolic risk markers 

Weight decreased in the present study by 0.86 kg on average (95% CI: -1.68 – 0.03). The 

systematic review (Study 1) in Chapter 4 found that sedentary workplace interventions show 

promise for improving cardiometabolic risk markers (Brierley et al., 2019). However, there 

was a lack of consistency about which markers were measured and which ones significantly 

improved in interventions. Four out of thirty interventions (Koepp et al., 2013; Lin et al., 

2018; Tucker et al., 2016; Zhu et al., 2018) in the systematic review reported significant 

weight reductions (Brierley et al., 2019). One was a single component treadmill desk 

intervention (Koepp et al., 2013). Two were dual-component interventions: one with sit-stand 

desks and motivational support (Zhu et al., 2018) and the other had text-message coaching 

plus active working options (pedal, treadmill, and sit-stand desks; active video game breaks; 

walking meetings) (Tucker et al., 2016). Finally, one was a multi-component intervention to 

‘sit less, walk more’ using a team-based step challenge, prompts, newsletters, motivational 

tools, and walking routes (Lin et al., 2018). Three of these four interventions also reported 

reductions in other body composition measures including waist circumference (Koepp et al., 
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2013; Lin et al., 2018) and body mass index (Tucker et al., 2016). All had low samples sizes 

(median: 39, range: 36-101 participants), active intervention phases ranging from 3-12 

months, and maintenance follow-up timeframes ranging from 6-18 months. The 

heterogeneity among interventions, low sample sizes, and differing timeframes makes it 

difficult to generalise and compare to the current study. Larger RCTs are warranted with 

improved intervention reporting and longer timeframes in order to assess and compare the 

efficacy of sedentary workplace interventions in improving cardiometabolic risk markers. 

 

Though weight was reduced, a 5% or greater reduction is required (i.e., -3.92 kg) for it to be 

considered clinically significant (Donnelly et al., 2009). No additional cardiometabolic risk 

markers changed over the course of the present eight-week study. As suggested by the 

systematic review in Chapter 4 (Study 1), intervention duration and dose received (e.g., 

frequency and duration of breaks, type of replacement behaviour such as standing or light 

physical activity, pattern of sitting time accumulation) may play a role in cardiometabolic 

risk marker response to intervention. First, the timeframe of eight weeks in the present study 

may not have been sufficient to achieve improvements in cardiometabolic risk markers. This 

is consistent with Study 1 findings (Chapter 4) showing inconsistent cardiometabolic risk 

marker changes in predominantly short-term interventions averaging twelve weeks in 

duration (Brierley et al., 2019). Second, reviewed studies, on the whole, were not powered to 

detect risk marker changes (Brierley et al., 2019) nor was the current study since the primary 

outcome was feasibility. Longer term studies that are adequately powered for detecting 

cardiometabolic risk marker changes are warranted. 

 

In the present study, sitting time decreases (M = -17.65 minutes; 95% CI: -34.17 – -1.13) 

were explained by a concomitant increase in standing time (15.49 minutes; 1.87 – 29.12), a 
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behaviour which may require longer timeframes or larger volumes of standing to effect 

changes on risk markers (Healy et al., 2017). In terms of dose received, the present study 

found a decrease in prolonged sitting bouts greater than 30 minutes (M = -0.96 bouts; 95% 

CI: -1.80 – -0.12), a reduction in sitting time accumulated in prolonged bouts over 30 minutes 

(-63.95 minutes; -98.59 – -29.31), and an increase in the number of breaks (3.70 sit-upright 

transitions; 1.39 – 6.02) averaged over an 8-hour workday. Pattern of accumulation of 

sedentary time may be just as important as the total amount for risk marker changes (Ryan et 

al., 2011). Unfortunately for comparison’s sake, there was insufficient intervention detail 

provided by included studies in Study 1 (Chapter 4) to determine dose received (Brierley et 

al., 2019). Cross-sectional studies have demonstrated a beneficial association between the 

number of breaks per day and cardiometabolic health, when controlling for total sedentary 

time (Bellettiere et al., 2017; Healy et al., 2011). A large representative cross-sectional study 

of Canadian adults found that for every ten additional breaks per day, there were associated 

improvements in in systolic blood pressure, HDL cholesterol, triglycerides, glucose, insulin, 

and waist circumference (Carson et al., 2014). Given the preliminary effects and the 

feasibility of conducting this intervention, RCTs are needed to test how altering patterns of 

sedentary behaviour accumulation in sedentary workplace interventions affect 

cardiometabolic risk markers outcomes. 

8.5.2.3 Wellbeing, mood, stress and affect 

Positive affect improved from baseline to follow-up in the present study. This is different 

from a previous multi-component sit-stand desk fully powered RCT which found no change 

in the short (3 months), medium (6 months), or long term (12 months) between groups for 

general (dispositional) affect using a different scale (the Mood Affect Adjective Check List-

Revised) (Edwardson, Yates, et al., 2018). Short bouts of sitting have been shown to increase 

situational negative affect (Kinnafick & Thøgersen-Ntoumani, 2014). Preliminary effects 
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indicate no change pre to post intervention regarding dispositional negative affect in the 

present study. In community-dwelling settings, prolonged bouts of sitting have been 

detrimentally associated with momentary and time-lagged positive affect in middle-aged 

women (Elavsky et al., 2016), and positive affect improvements have been anecdotally 

reported among older adults attempting to reduce sedentary time (Matei et al., 2015). 

Sedentary behaviour has been experimentally linked to mood and stress response (Endrighi et 

al., 2016). Increases in movement performed in daily life has been shown to predict increases 

in positive affect (measured via ecological momentary assessment using PANAS) and vice 

versa (Schwerdtfeger et al., 2010). However, in the present study it is not clear if positive 

affect improvements were due to breaking up and reducing sedentary behaviour or other 

factors such as social support (due to the team-based nature of the intervention). A cluster-

randomised RCT would allow researchers to control for the team-based nature of the 

intervention to better determine if breaking up and reducing sedentary behaviour improves 

positive affect.  

 

No relationship with negative affect was found in the present study. This is in agreement with 

Schwerdtfeger et al. (2010) who also found no relationship of sedentary behaviour with 

negative affect. Less is known about the effects of occupational sedentary behaviour change 

on dispositional affective state, and the present study is the first to use the PANAS schedule 

to assess this within police office staff. Findings show preliminary efficacy of the 

intervention on positive affect and that PANAS is feasible to administer. 

 

8.5.2.4 Job performance and job satisfaction 

Participants rated themselves as moderate-to-high on work satisfaction and performance at 

baseline, neither of which appeared to change at 8-week follow-up. Since this is a feasibility 
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trial, direct comparison to previous studies is inappropriate, however, understanding what 

other research has found is important for future research. In a previous sedentary behaviour 

intervention in NHS employees who rated their work satisfaction and performance as 

moderate at baseline and experienced no change at three months (Edwardson, Yates, et al., 

2018). Edwardson et al. (2018) did see an improvement for job performance compared to 

controls at six and 12 months post-intervention, so it is unclear whether sedentary behaviour 

change may lead to improvements in the long term. Edwardson et al. (2018) also looked 

objectively at sickness absenteeism/presenteeism rates as one representation of 

‘performance’, and found improvements only in sickness presenteeism. The present study 

found that it was feasible to assess work performance as self-report, but future studies might 

wish to include work performance measures that could be comparable across studies like 

absenteeism and presenteeism rates.  

 

8.5.3 Strengths and limitations 

Limitations of the study were the small sample size and the single group, repeated measures 

design. The small sample size was due to several factors including initially targeting a small 

proportion of the Force located at headquarters likely to meet the inclusion criteria, having to 

go through various gatekeepers in person and online for the recruitment drive, and 

inclusion/exclusion criteria that prevented half of those interested from being eligible to 

participate. These mainly related to the full-time threshold and the fact that many Force 

control centre workers handled 999 calls. The latter group may require a different approach 

to intervention, perhaps requiring equipment (e.g., sit-stand desks, cord-free headsets) or 

software (e.g., dictation software meaning they do not need a keyboard) that allows them to 

perform their job standing up. The single group, repeated measures design was a limitation 

for investigating preliminary effects of the intervention. Having a usual routine control group 
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for comparison would control for potential confounds like self-selection bias and improve the 

validity of the preliminary findings. As feasibility was the primary outcome of the study, the 

limitations of this study design were balanced by the greater amount of quantitative and 

qualitative data provided on the intervention group experience (Shrestha et al., 2016). 

 

A strength of this study is that it is the first, to the thesis author’s knowledge, to 

comprehensively assess feasibility using PRECIS-2 and RE-AIM. Use of these standardised 

evaluation protocols allows for easier comparison to future feasibility trial outcomes. Another 

strength of this study was the use of device-measured sedentary behaviour outcomes. Self-

reported sitting time may be subject to response bias (Krumpal, 2013; Reilly et al., 2008) and 

device-measured activity monitoring avoids this bias. A third strength of this study was its 

development using the Behaviour Change Wheel, an approach which provides transparent 

and traceable decision-making and replication concerning BCT delivery.  

 

8.5.4 Recommendations for future work 

It is feasible to implement a theory-based, multi-component sedentary workplace intervention 

in a police staff setting. The low-cost delivery of the intervention, its competitive group 

nature, and the health assessments were features particularly suited to the police environment 

where public sector spending is heavily scrutinised and yet clearly there is a need to improve 

health. The partnering of the university with this public organisation is a feasible symbiosis 

that could help police staff improve their health behaviour and help to inform the sedentary 

behaviour research field.  

 

Sedentary workplace interventions may produce the best results for those most sedentary and 

most at risk of chronic disease (Buckley et al., 2015). The participants in the present study sat 
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for more than ten hours a day on average, and 42% (n=10) had one or more elevated 

cardiometabolic risk marker at baseline. Police staff and those of lower rank 

(constable/sergeant) are more likely to have poorer cardiometabolic risk profiles than those in 

higher ranks (Elliott et al., 2014) thus this represents a good population in which to intervene. 

Future research should include the conduct of a full RCT powered to detect sedentary 

behaviour and health outcome changes in order to establish effectiveness and potential for 

implementation into policing occupation practice and policy.  

 

8.6 Conclusion 

This chapter presented the background, methods, results and discussion of the A-REST 

intervention. First, it was acknowledged that interventions to reduce prolonged sitting are 

needed in settings like office workplaces where sitting is the dominant behaviour and is often 

performed in long, unbroken bouts which pose a chronic disease risk. A systematic 

evaluation of such interventions on traditional (e.g., behaviour, health and psychometric 

outcomes) and other indicators of effectiveness (e.g., reach, adoption, implementation, 

maintenance, and qualitative perceptions) is necessary to produce a thorough understanding 

of how a behaviour change intervention might work and why. 

 

The study was highly pragmatic in terms of eligibility, organisation, flexibility (adherence), 

primary outcome, and primary analysis. Slightly less pragmatic were recruitment and setting. 

Flexibility (delivery) and follow-up were more explanatory in nature. For RE-AIM, reach and 

adoption indicators showed that this intervention was feasible with a range of police staff and 

departments; and had employees who were demographically similar to those in other multi-

component interventions (Dewitt et al., 2019; Edwardson et al., 2018; Healy et al., 2017). 

Reach, adoption and implementation were affected somewhat by security procedures. 
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Implementation-wise, the intervention was delivered mostly as planned with minor 

deviations from protocol reported (fidelity). Semi-structured interviews added depth to 

understanding implementation and maintenance, in particular. The influence of data 

collection on sedentary behaviour change should be carefully considered in future 

interventions. The thorough evaluation of this complex intervention will help intervention 

designers when making pragmatic decisions about behaviour change functions, policies, and 

BCT delivery in a fully powered RCT. 
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Chapter 9: General discussion 

9.1 Chapter overview 

The overarching aim of this PhD was to identify the most pragmatic way to reduce sedentary 

behaviour to improve population cardiometabolic health. More specifically, the purpose of 

this thesis was to develop and assess the feasibility of delivering a tailored intervention to 

reduce prolonged sitting in police staff. In doing so, this thesis provides a ‘roadmap’ for the 

development of interventions using the Behaviour Change Wheel. This chapter first provides 

a brief summary of the thesis, collecting together the main findings from Studies 1 through 4. 

Findings are discussed in relation to the literature including feasibility studies for complex 

intervention design, use of theory in intervention design, unintended behaviour change 

techniques, and intervening in the police setting. Contributions of the thesis to the literature 

are discussed. Limitations of the feasibility study such as the short intervention timeframe 

and small sample size are acknowledged, as well as issues discovered when using the 

Behaviour Change Wheel (BCW) and suggestions for future work. The scalability of the A-

REST feasibility trial is discussed, as well. Finally, there is a discussion of where the research 

fits within the wider landscape of sedentary behaviour change including policy implications.  

 

9.2 Thesis summary and integrated findings 

At the start of the thesis (Chapter 1), the role of sedentary behaviour in noncommunicable 

chronic disease risk was explored. In order to have the greatest impact on the largest number 

of people, the case was made for intervening in the workplace, which is a large contributor to 

workers’ daily sedentary time.  
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Chapter 2 reviewed the literature around how total sedentary time and patterns of 

accumulation have been shown to be associated with poor cardiometabolic risk marker 

profiles in large population studies. Experimental evidence suggests that both breaking up 

and reducing sedentary time over the course of a day can deliver metabolic benefits. Previous 

systematic reviews indicated that sedentary workplace interventions could effectively reduce 

sedentary behaviour (Chau et al., 2010; Shrestha et al., 2016). There has been an increased 

interest in the last decade into sedentary behaviour and cardiometabolic risk markers. This 

body of research presumes (sometimes implicitly) that improved sedentary behaviour 

provides an appropriate proxy measure for cardiometabolic risk marker health. At the start of 

this PhD, no collective evaluation of this presumption had been performed, prompting the 

need for a systematic review of the literature.  

 

In Chapter 4, a systematic review demonstrated for the first time that interventions to reduce 

sedentary behaviour at work generally showed promise for improving cardiometabolic risk 

markers compared to baseline or a comparison group (Brierley et al., 2019). An important 

finding was that cardiometabolic risk marker improvements were not consistent across 

studies. This may have been due to the multitude of study designs, small sample sizes, and/or 

short timescales. Like other reviews, this review found that these types of studies were at risk 

of allocation and performance bias. Furthermore, there were indications of publication bias, 

meaning that studies with null results may not have been published. A key contribution of 

this review was that it demonstrated that changing workers’ sedentary behaviour in the 

workplace shows promise for improving cardiometabolic risk markers.   

 

Translating behaviour change from the controlled laboratory setting where sitting, standing 

and moving can be closely monitored over a short duration, to real workplaces where 
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behaviour change is expected to last much longer, is a challenge for behavioural scientists. In 

the past, sedentary workplace interventions have, by and large, relied on single and multi-

component interventions informed by inconsistent theory application or none at all. This 

makes it hard to compare what works to change behaviour and why. The Behaviour Change 

Wheel (BCW) is a relatively new approach with success in other health behaviour change 

fields (Chapter 3) but has not often been adopted for sedentary workplace interventions. The 

BCW seeks to understand the target behaviour in context, an approach that nests comfortably 

within the Medical Research Council (MRC) guidance recommending tailored, but 

structured, solutions for intended populations/settings. An important outcome of this thesis 

was the comprehensive application of the BCW framework in the development, 

implementation, and evaluation of a sedentary workplace intervention in police staff. The 

transparent decision-making process documented herein is important for replicability 

purposes. This thesis has provided a roadmap for future sedentary workplace intervention 

studies. 

  

The systematic review in Chapter 4 demonstrated that certain BCTs occurred more frequently 

in promising interventions than non-promising ones including social comparison, problem 

solving, demonstration of the behaviour, goal setting, behaviour substitution, and habit 

reversal (Chapter 4). Crucially, within the systematic review methods, BCTs were coded 

from primary papers as well as all linked articles, supplements and clinical trial registries to 

try and ensure that coding reflected each intervention accurately. An important finding, 

however, was that interventions lacked adequate detail around behaviour change methods, 

content, and modes of delivery. Intervention designers should use reporting tools like the 

Template for Intervention Description and Replication (TIDieR) in order to improve study 

replicability. The importance of fidelity assessment (whether the intervention was delivered 
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and received as intended) is also critical if strides are to be made in translating theory into 

practice. The systematic review covered a highly topical area (sedentary behaviour) which 

has been identified by the World Health Organization as a target behaviour for better 

population health using a whole systems approach. Identifying the BCTs with the greatest 

promise of cardiometabolic risk marker improvements (including social comparison, those 

related to individual habits, and behaviour goals) should facilitate sedentary workplace 

intervention design by providing a core set of BCTs that should be considered for workplace 

interventions. 

 

In Study 2 (Chapter 5), a BCW-designed sedentary workplace intervention was found to be 

highly acceptable, practicable, and preliminarily effective for reducing sitting time in desk-

based police workers. This multi-component intervention included environmental 

modification (installation of sit-stand desks), individual/behavioural support (prompting 

reminders, education leaflet), and organisational/social components (management support 

emails, participating in teams). Cost-effectiveness, back pain aggravation from prolonged 

standing (side effects), and concerns around creating a ‘haves’ versus ‘have-nots’ culture 

(equity) were identified as potentially prohibitive to greater uptake on a larger scale. Sit-stand 

desks have been identified in other qualitative evaluations (of sit-stand desk studies) as a key 

driver of workplace sitting reduction. Given the cost and potential drawbacks of sit-stand 

desk use, however, research should investigate pragmatic solutions that still address the 

Capability, Opportunity, Motivation, Behaviour (COM-B; Michie et al., 2011, 2014) needs 

assessment of target users to enhance the chance of intervention success.  

 

A COM-B model analysis of interviews with police staff, a novel occupational subgroup, in 

Study 3 (Chapter 6) revealed that in order for a sitting reduction intervention to be effective 
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in this novel context, psychological capability, social opportunity, physical opportunity, 

reflective motivation, and automatic motivation would need to be addressed. Social norms 

around sitting, improved knowledge of cardiometabolic health risks, memory aids for 

regulating behaviour, and incentives and/or rewards were identified as important areas to 

address for breaking up and reducing sitting time. Notably, cost was a barrier for this publicly 

funded organisation that is subject to public scrutiny of funds. Additionally, any intervention 

would have to be compatible with a diversity of desk-based job roles and personal working 

style preferences. Also, any intervention would have to avoid being disruptive to the 

completion of urgent and emergency work tasks. Facilitators identified included autonomy 

and control over their own work schedules, optimism for change, and anecdotal evidence of 

good intentions on previous attempts to reduce sitting. These findings suggested that police 

staff require a theory-based, cost-effective, multi-component intervention for breaking up and 

reducing sitting time at work.  

 

In Chapter 7, the BCW was applied in a novel approach to specify the target behaviour in a 

novel setting, identify intervention function and policy options, and select content and 

implementation options. Reducing prolonged sitting was identified as the target behaviour for 

this intervention in a novel occupational subgroup of police staff. Tailoring the intervention 

to users’ COM-B needs using the BCW was imperative to ensure that the intervention had 

the best chance of success. The BCW provides a transparent and traceable process for 

intervention design which is important for intervention replicability. Breaking up sitting 

every 30 minutes with three minutes of light intensity physical activity was identified as an 

achievable target with potential to convey cardiometabolic risk marker improvements. The 

intervention functions of Training, Enablement, Education, Social restructuring, Persuasion, 

Incentivisation, and Modelling, were selected based on the APEASE criteria. The policy 
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categories of Guidelines, Social planning, Service provision and Communications/marketing, 

were likewise selected. Nineteen behaviour change techniques (BCTs) were selected based 

on a combination of the COM-B/TDF assessment in Study 3 (Chapter 6), the systematic 

review findings (Chapter 4), and the experiences of former intervention participants (Chapter 

5). An APEASE assessment in Chapter 7 confirmed that a blend of face-to-face and distance 

delivery should effectively deliver the BCTs as intended. Intervention designers should 

continue to thoroughly document the decision-making process so that the ontology of 

workplace sedentary behaviour change can be better understood.  

 

The final study in this thesis found it was feasible to deliver a pragmatic, multi-component, 

sedentary behaviour reduction workplace intervention in police staff (Chapter 8). Post-

intervention interviews with participants confirmed that frequent short breaks and the 

competition were perceived as feasible and acceptable. For the first time, PRECIS-2 and RE-

AIM were used to evaluate a sedentary workplace intervention feasibility study. This 

intervention reported a reach of 12% from the population identified as eligible by 

management. This figure is typical of recruitment numbers in sedentary workplace 

interventions. Recruitment efforts above and beyond what would be expected in usual 

practice were needed to identify and enrol eligible staff, making the trial slightly less 

pragmatic than anticipated. Much of this could be attributed to the enhanced security 

procedures for visiting and contacting police staff (both in person and electronically) unique 

to the police setting. It is imperative that larger pragmatic trials in organisations with elevated 

security protocols (e.g., cyber security firms, prisons, military, hospitals, schools and others) 

consider enlisting the help of a network of well-connected gatekeepers able to aid with 

recruitment efforts. 
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Preliminary effects of the A-REST intervention (Chapter 8) showed small but significant 

reductions in total workplace sedentary time, number of prolonged sitting bouts lasting 30 

minutes or more, and the amount of time accumulated in prolonged sitting bouts (≥ 30 

minutes). Standing time also increased indicating that sitting was replaced with standing. 

There were preliminary improvements in body weight and positive affect, but no significant 

changes in other health-related measures. This study provides critical data to inform a fully 

powered randomised controlled trial (RCT) to reduce sedentary behaviour and improve 

cardiometabolic health in police staff.  

 

9.3 Significant contributions of the thesis to the field 

In applying the BCW and carrying out a feasibility trial, this thesis has outlined a roadmap 

for sedentary workplace intervention design. Feasibility trials like A-REST are an 

indispensable source of initial information about implementation challenges, recruitment 

efforts needed, and participant retention, before the execution of resource-intensive RCTs. 

The literature on sedentary workplace interventions suffers from a lack of quality studies, 

underpower due to small sample sizes, short timeframes, and gross heterogeneity among 

intervention designs (Brierley et al., 2019; Chau et al., 2010; Shrestha et al., 2016). The 

preliminary effects on sedentary behaviour and cardiometabolic risk markers reported in 

Study 4 (Chapter 8) should help future studies to improve power in trials assessing 

cardiometabolic risk markers. Understanding the pragmatic nature of this real-world trial and 

being able to predict Reach and Adoption by the organisation, will go towards assisting 

intervention designers to anticipate resource requirements. Overall, randomised controlled 

trials (RCTs) are needed with longer timeframes and larger sample sizes to properly assess 

real world efficacy against behavioural and health outcomes. 
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The methodological approach taken by this thesis resulted in a fully tailored intervention that 

was feasibly implemented in police staff. This thesis used the BCW framework to guide the 

design of the A-REST intervention (Chapter 7) applying a pragmatic, mixed-methods 

approach with both qualitative and quantitative data for a more holistic solution to changing 

the target behaviour (Chapter 3). A strength of using the BCW design framework in this 

novel population was the ability to ‘diagnose’ the sources of sitting behaviour in context 

(Study 3, Chapter 6) and to be able to directly map these to the BCT taxonomy (Chapter 7). 

The science is still evolving with regards to BCT mechanisms of action (Carey et al., 2018). 

Other frameworks for changing behaviour exist, for example the Multiphase Optimisation 

STrategy (MOST) (Collins, 2018) and Intervention Mapping (Eldredge et al., 2016), but their 

use in sedentary workplace intervention research is limited to a few studies (Coffeng et al., 

2017; Danquah et al., 2017; Neuhaus, Healy, Fjeldsoe, et al., 2014; Van Dantzig et al., 2013; 

Verweij et al., 2009). All three frameworks (BCW, MOST, and Intervention Mapping) stress 

the need for a staged, evidence-based approach to building multi-component behaviour 

change interventions. However, where MOST and Intervention Mapping require the 

researcher to apply their chosen theory to the target behaviour, the selection of theory in the 

BCW is guided by the COM-B (Michie et al., 2011, 2014). In other words, BCW 

interventions are participant-led and co-produced, as seen with the A-REST study (Study 4, 

Chapter 8). This systematic and transparent process allows for more objectivity when 

selecting appropriate psychological theory (see Chapter 7). The traceability of decision-

making in this thesis provides a roadmap for other sedentary workplace interventions to 

follow in future. 

 

A common intervention in the field of workplace sedentary behaviour is to replace sitting 

time with standing through the use of standing desks (e.g., Healy et al, 2017). Though it 
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addresses an obvious influence on behaviour in the workplace, it is an expensive approach 

that cannot be deployed easily. It was through the use of the BCW that it was determined that 

standing desks would be unfeasible for police office staff, and, more importantly, that desks 

alone would not necessarily lead to success in achieving the desired outcomes (see Study 3, 

Chapter 6). Rather, an emphasis on social comparison via shared goals, organisational 

support, and habit formation were identified as just as important as the physical environment 

for influencing decisions to sit or stand (see Study 3, Chapter 6). This resulted in the A-REST 

protocol which involved a team-based competition specifically designed to deliver the 

corresponding BCTs for breaking up and reducing sitting time at work (see Chapter 7). 

Workplace sitting time was reduced by nearly 18 minutes and replaced mainly with standing. 

In addition, the number of, and time accumulated in, workplace sitting bouts ≥ 30 minutes 

also significantly improved. This change in habits resulted in a workplace where people were 

more regularly seen being active around the office as they moved to scan the QR codes. Had 

standing desks been employed, that observable element of an active workplace culture may 

not have been as well developed in that people may have remained rooted to their desk. This 

visible feedback system where healthy behaviours are practiced and accepted by management 

and employees alike, helps to address those less observable motivational determinants of 

behaviour such as Beliefs about consequences (Michie et al., 2014). This result was achieved 

through a theory-based intervention design, in this instance using the BCW. An alternative 

approach, like the Systems of Sedentary behaviours (SOS) (Chastin et al., 2016) might have 

also identified social and organisational policy aspects as being key to behaviour change, 

which could have been addressed through the same QR code-based intervention. The benefit 

of using the BCW was the traceable and systematic process for selecting intervention 

functions, policy categories, BCTs and modes of delivery.  

 



 292 

Though time-consuming (Ojo, Bailey, Brierley, et al., 2019), the use of the BCW in this 

thesis addresses significant gaps in the literature. In behaviour change interventions there is a  

need for thorough documentation at each stage of decision-making (Michie et al., 2014). 

Sedentary workplace interventions in the past have suffered from a lack of detail surrounding 

intervention content, implementation, and fidelity (Study 1, Chapter 4) (Brierley et al., 2019). 

The research in this thesis contributes to the larger evidence base on the BCTs needed for 

effective sedentary workplace interventions (Studies 1 and 4). It also contributes specific 

knowledge as to the unique COM-B needs of police staff as an occupational subgroup (Study 

3, Chapter 6). The comprehensive identification of intervention functions, policy categories, 

BCTs and modes of delivery is designed to ensure the best chance of succeeding with 

behaviour change (Michie et al., 2014). There is also limited information on intervention 

reach, effectiveness, adoption, implementation, and maintenance in sedentary workplace 

trials (Macdonald et al., 2018). To address this knowledge gap, Study 4 (Chapter 8) provided 

a combined RE-AIM and PRECIS-2 feasibility analysis. In future, should this intervention go 

to a full trial, knowledge gained from the feasibility evaluation will go towards saving time 

and resources in the RCT phase. Intervention designers should be advised that it would be a 

false economy to eschew the fundamental steps for effective behaviour change. 

 

The thesis contributes to the knowledge base on sedentary workplace interventions and 

cardiometabolic risk marker effects. As discussed in Chapter 8 (Study 3), cardiometabolic 

risk marker improvements may require longer timeframes due to frequency and dose with 

which workplace sitting time is altered. There appeared to be preliminary benefits for weight 

reduction. This is similar to findings from other sedentary workplace interventions (Koepp et 

al., 2013; Lin et al., 2018; Tucker et al., 2016; Zhu et al., 2018). The cardiometabolic 

outcomes in this thesis (Study 4, Chapter 8) may have been due to intervention effects of 
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decreased sitting time, increased standing time, a reduction in sitting time accumulated in 

prolonged bouts (≥ 30 minutes) and/or an increase in the number of sit-to-upright transitions 

(breaks), but this requires evaluation in a powered trial. Lack of change in other markers may 

have been due to short time frame and/or lack of dose, but again these were only preliminary 

effects. Fully powered trials with longer follow-up timeframes are needed to assess the 

efficacy of sedentary workplace interventions for cardiometabolic risk marker change. 

 

9.4 Policy implications and scalability of the A-REST intervention  

9.4.1 Scalability 

The aims of the A-REST intervention are to reduce and break up prolonged workplace sitting 

time and improve employee cardiometabolic health. In addressing this goal, the MRC 

framework suggests adhering to a four-step iterative model whereby research and/or 

modelling of the mechanisms at work is first conducted, then pilot testing of the intervention 

to inform efficiency, followed by a fully-powered trial to determine efficacy, and finally, 

dissemination and/or implementation. The A-REST feasibility trial provides key information 

about how a full RCT might be efficiently scaled up and what outcome measures should be 

prioritised. In terms of efficiently scaling up the trial, recruitment efforts and cost are two 

important considerations. For recruitment, the PRECIS-2 and RE-AIM analyses (Chapter 8) 

demonstrated that the potential Reach of the intervention was similar to other sedentary 

workplace interventions (Puig-Ribera et al., 2015). Importantly, it showed that within the 

police, Corporate departments (Information Standards, Review & Inspections, Analytical 

Services, Performance, Change & Continuous Improvement) and the Force Contact Centre 

were the most receptive to participating in the study. Various other departments were 

represented but at a lower level of participation. Knowing that there is interest and support 

for participation in diverse departments such as Communications, Forensic Operational 
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Support Team, and Signpost, for example, resources should be allocated to expanding on this 

interest from lesser represented departments. Trial designers should likewise build on the 

momentum generated by the highly represented corporate departments to recruit volunteers 

via word of mouth. Additional methods of recruitment such as internal emails from line 

managers to their employees, intranet postings, and a social media campaign might be 

explored in future to increase Reach. The highly detailed recruitment patterns recorded by the 

A-REST feasibility trial mean that scaling up to a full RCT can allow for targeted and 

efficient recruitment. 

 

One other key consideration in efficiently scaling up the A-REST trial is cost. A full cost-

benefit analysis was not within the scope of this thesis due to the feasibility nature of A-

REST, however, the relevant costs of the different components (what can be provided at no 

cost versus what would cost), can be distinguished. The PRECIS-2 analysis (Chapter 8) 

determined that the A-REST trial was extremely pragmatic, that is, it was designed to 

evaluate effectiveness in a real-world setting. As such, most components are deliverable by 

the host organisation themselves and in a manner consistent with usual care practices (such as 

with their own internal health promotion initiatives). The majority of the cost is for the time 

needed to set up the competition and tailor weekly emails, provide the initial education 

session, and train the health champions. Other components of the intervention such as the 

physical QR codes can be produced at minimal cost, and the tallying of team points each 

week (for the leaderboard) could be automated going forwards. Thus, costs are fairly minimal 

as changes to the environment are minimal and educational/communication materials can be 

delivered electronically. 
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In scaling up A-REST to a full RCT, it is necessary to consider the outcomes to be assessed 

in a larger trial. The outcome measures/instruments used should be sensitive enough to detect 

between-group comparisons (Chastin, Winkler, et al., 2015). For sedentary behaviour 

measures, the A-REST study showed that there were significant improvements in total work 

sitting time (-17.65 minutes; Cohen’s d effect size: 0.46), time accumulated in prolonged (≥ 

30-minute) bouts (-63.95 minutes; 0.85), and number of sit-stand transitions (+3.7; 0.63). 

Considering the A-REST study’s small sample size, it is anticipated that in a full RCT these 

changes could be increased further, particularly given the medium to large effect sizes 

observed. The activPAL thigh-worn device was used to gather this data and would be the 

device of choice going forwards. The activPAL has been shown to be superior at detecting 

smaller changes in sedentary time (like the -17.65 minutes seen in A-REST) versus other 

devices, such as the hip-worn actiGraph, which is potentially better suited for detecting larger 

changes such as the 30 – 60 minutes seen with standing desk interventions (Chastin, Winkler, 

et al., 2015) (see Chapter 3). Furthermore, because of its ability to detect posture, the 

activPAL can specifically assesses sitting time which is the most relevant and frequently 

occurring sedentary behaviour in the workplace (Edwardson et al., 2017). In addition, the 

activPAL has excellent compliance compared with wrist or hip-worn devices due to its 

continuous 24-hour wear protocol (Edwardson et al., 2017; Tudor-Locke et al., 2015).  

 

In considering cardiometabolic risk marker outcomes, the A-REST feasibility trial 

demonstrated a significant reduction in weight over the course of eight weeks (see Chapter 

8). No other risk markers improved in this time period, though there were small positive 

trends towards improvement in most variables. The outcomes assessed, like fasting glucose 

and blood lipids, may not be the most sensitive to changes in sedentary behaviour change in 

the short term (Healy et al, 2017).  Laboratory trials have demonstrated changes in plasma 
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glucose monitoring when sitting time is broken up frequently with light walking and standing 

over the course of a day (Bailey & Locke, 2015; Benatti & Ried-Larsen, 2015). It may be 

worth considering wearable continuous glucose monitors in an RCT. These may be more 

sensitive for capturing the dynamic postprandial glucose response that may be more sensitive 

to change in response to a sedentary behaviour intervention (O’Keefe & Bell, 2007). 

Continuous glucose monitoring is also a stronger predictor of disease risk versus fasting 

measures (McMillan et al., 2018). Similarly, the oral glucose tolerance test (OGTT) is a 

simple and effective tool for glucose monitoring, though it has not necessarily been shown to 

be better than fasting plasma glucose for diagnosing dysglycaemia (Colagiuri et al., 2011). 

With either the OGTT or continuous glucose monitoring, this level of sensitivity combined 

with traditional fasting measures taken after a longer term trial, would provide better 

evidence as to the dose-response required to elicit health improvements in real world 

situations. In particular, around the glucose response (and magnitude of response) to the way 

in which sitting time is displaced, whether that be via standing or walking, for example 

(Winkler et al., 2018). Understanding the cardiometabolic response to these discrete activities 

(e.g., standing, walking) when administered, a sedentary workplace intervention will be 

useful for informing future sedentary behaviour change interventions.   

 

Three months was the average intervention duration of studies included in this thesis’ 

systematic review (Study 1, Chapter 4; see also Brierley et al., 2019), which showed promise 

for producing a range of cardiometabolic risk marker improvements (Study 1, Chapter 4; see 

also Brierley et al., 2019). Thus, upon scaling the intervention up to a full RCT, it is 

recommended that the intervention duration be extended to a minimum of three months, 

ideally with a 12-month follow-up, to allow for chronic adaptations to occur. Though there 

were no cardiometabolic changes compared to control at three months in the Stand Up 
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Victoria! trial, intervention participants had significantly better fasting glucose, insulin 

response, and a cardiometabolic risk score after 12 months (Healy et al., 2017). A full RCT 

should consider these proposed outcome measures, a longer intervention period and follow-

up, along with a cost-effectiveness evaluation (Munir et al., 2020). As such, A-REST has 

potential to be rolled out across the Bedfordshire Police Force, additional constabularies, and 

nationally, following evaluation in a full RCT. 

 

9.4.2 Policy implications 

The findings in each study chapter in this thesis provided the basis for the A-REST 

intervention which may be used to inform workplace policy. For example, the results of the 

systematic review (Study 1; Chapter 4) showed that sedentary workplace interventions show 

promise for cardiometabolic health. Workplace policies should reflect, both in words and 

deeds, the promising BCTs that were identified in the review including social comparison, 

problem solving, demonstration of the behaviour, goal setting (behaviour), behaviour 

substitution, and habit reversal. In practice, this could mean establishing permanent sedentary 

behaviour health champions at work, as were used in the A-REST intervention. Furthermore, 

it was clear from Study 3 (Chapter 6), that police employees, like other office workers, felt 

that management buy-in influenced intentions to change behaviour, and that this may be 

exacerbated by a lack of knowledge of health risks. At a policy level, providing manager (and 

employee) education about the risks of prolonged sedentary behaviour along with rewarding 

the modelling of healthy sitting behaviour (as was done in A-REST) should be written into 

occupational health policy. An example of how this might be implemented can be seen with 

the Australian governmental advisory group, VicHealth, which promotes better occupational 

health and safety practices (VicHealth, 2016). Their sedentary behaviour policies have been 

informed from the work carried out by the Stand Up Victoria! trial. Though A-REST (Study 
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4; Chapter 8) was conducted as a feasibility trial and the behavioural and health effects are 

only preliminary, there are reasons to consider what the policy implications might be should 

the findings be confirmed in a full scale RCT. Notably, although total sitting time and total 

prolonged sitting time at work were reduced, there were no reductions in whole day sitting 

time. This would suggest compensation effects in leisure time practices that may need to be 

addressed in any policies going forward (Mansoubi et al., 2016). Organisations are often left 

to motivate their own workforce to be less sedentary and more active, and it may be that the 

organisations themselves would benefit from being able to depend on wider national and/or 

international initiatives to reduce whole day sitting time (World Health Organisation, 2018). 

The development of sedentary behaviour guidelines at present is the first step towards this 

goal, however, more research is needed into the dose-response effectiveness including the 

contribution of workplace sitting interventions. A full scale RCT of the A-REST trial would 

help to inform workplace and national occupational health policies going forward.    

 

9.5 Limitations of the thesis 

One of the challenges in the development of the A-REST feasibility study, was the necessity 

of designing a low-cost intervention to be delivered in police staff. Monetary costs associated 

with the A-REST intervention were purposefully minimised because of the APEASE 

assessment in Chapter 7. This could be interpreted as a limitation as it was a determining 

factor in what resources and modes of delivery could be selected. For example, although the 

systematic review (Chapter 4) found that the BCT of Restructuring the physical environment 

(e.g., sit-stand desks) was about twice as likely to be present in promising interventions than 

non-promising ones, costly environmental changes were assessed as not practicable for police 

staff (Chapter 7). That said, this limitation also fostered creativity in intervention design and 

efficiency in implementation. For instance, the intervention exploited the ubiquity of 
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smartphone ownership and the abundance of technology in the workplace. This meant that 

distance delivery of BCTs like prompts and/or cues (reminder apps), social comparison 

(leaderboard emails), monitoring of behaviour by others without feedback (QR codes), and 

self-monitoring of behaviour (Rise & Recharge® app) could be dispensed cost-free. Though 

care must be taken to avoid a ‘haves vs. have-nots’ situation with smartphones. A similar 

concern was identified with sit-stand desks, as found in Study 2 (Chapter 5), and their 

potential to widen health inequities. ‘Costs’ in the A-REST intervention were largely time-

based. For participants this included one-time attendance at a one-hour workshop during 

work hours, and the enactment of three minutes breaks every half hour on workdays. There 

were also time costs for the researcher to liaise, organise and run the study including the 

workshop delivery, weekly QR code analysis, and weekly email composition. As technology-

delivered interventions evolve (eHealth), automating these processes will become easier and 

potentially more cost-effective, particularly when scaled up (Stephenson et al., 2020; Webb 

et al., 2010). APEASE assessments will necessarily limit what is practicable in a given 

setting, but it is this contextual design that makes for a more tailored intervention with 

sustainable behaviour change in mind from the outset.  

 

The short timeframe of eight weeks was a limitation of the A-REST intervention (Study 4) 

making it difficult to draw substantive conclusions about behaviour maintenance or long-

term health impacts. This is a common issue among workplace sedentary behaviour change 

interventions (Shrestha et al., 2016), including those that specifically assess cardiometabolic 

risk markers as reported in the systematic review in this thesis (Brierley et al., 2019). As 

discussed in Chapter 8 (Study 3), cardiometabolic risk markers effects may require longer 

timeframes or different ‘doses’ of the intervention than the three-minute breaks every 30 

minutes employed here. While there appeared to be preliminary benefits for weight 
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reduction, an RCT is needed to assess the efficacy of this thesis’ approach on 

cardiometabolic risk markers. 

 

The primary aims of the A-REST intervention were to address feasibility, thus longer-term 

knowledge about the acceptability of the intervention and drop-out rates were limited. In 

Study 2 (Chapter 5), participants perceived an eight-week timeframe to be highly acceptable 

for gradually establishing a new routine for sit-stand desk use and frequent postural changes. 

Indeed, Study 1 (Chapter 4) identified that studies of even shorter duration (two to six weeks) 

have also reported success in changing behaviour and cardiometabolic outcomes (Chia et al., 

2016; Healy et al., 2013; Malaeb et al., 2019; Miyachi et al., 2015). Participants of the A-

REST study talked about the eight-week timeframe as acceptable during post-intervention 

interviews (Study 4, Chapter 8). Thus, the evidence points to the feasibility of transitioning to 

working in a new way in a short period of time, but it is still too early to tell if behaviour 

change can be maintained over the long term (Shrestha et al., 2016). The benefit to having 

conducted a feasibility trial is that participant retention rates are available for the eight-week 

intervention and can be of use for anticipating attrition should it go to a longer-term trial. 

Specifically, the RE-AIM analysis (Chapter 8) showed a 21% attrition rate attributable to 

pregnancy (n=1), requests for withdrawal (n=3), and dropout (n=1). Understanding these 

figures prepares researchers for larger RCTs as they may anticipate these rates and properly 

allocate resources to recruit, retain and prevent dropout of participants. 

 

9.6 Future directions 

The work of this thesis sits within the wider landscape of public and private health 

promotion. Findings from this research open up possibilities for influencing policy and 

supporting public health initiatives. The MRC’s framework for complex intervention design 
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stresses the need for dissemination of the research. One outcome of the intervention has been 

the presentation of preliminary intervention effects at the Police Health and Wellbeing Board 

(26th February 2020). The Board is a committee that regularly meets to discuss health matters 

among officers and staff, resource provision, and evaluation. The next step is to provide a 

formal report on the findings of the feasibility study with the intention that this will foster 

further collaboration between the University of Bedfordshire and the Force in the future. In 

the short term, the Force have asked if they may keep the QR codes in the hopes of running 

the competition again. This is good evidence of impact.  

 

The research in this thesis benefitted from a close relationship between the University of 

Bedfordshire’s Centre for HEalth, Wellbeing, and Behaviour Change (CHeWBC), and 

Bedfordshire Police Force, but more resources would open up greater opportunities to 

collaborate while cementing formal avenues of support. Similar examples of relationship 

support include University College London’s Centre for Behaviour Change, and the joint 

venture of Sheffield Hallam University and the University of Manchester, the Behavioural 

Science Consortium. CHeWBC and these other establishments provide organisations with a 

range of behaviour change services based on the COM-B model. The benefit of a formal 

pathway for organisation-university collaboration is that it allows for the translation of 

evidence-based findings into applied practice in a timely, efficient, and readily accessible 

manner. This approach of translating research into real world practice based on trusted 

relationships is a model for dissemination of theory and findings and fits well with the MRC 

framework. Supporting recognised pathways of collaboration should be at the forefront of 

university-led research programmes.  
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The findings in this thesis should contribute to a wider sedentary behaviour policy debate. 

Strides have been made recently to acknowledge the risks of too much sedentary time within 

national physical activity guidelines. Governing bodies in the UK, Australia, Canada, 

Germany, New Zealand, Norway, and the USA now advise adults to limit their total and 

prolonged sedentary time, but stop short of giving quantitative or behavioural 

recommendations (Australian Government Department of Health, 2014; Canadian Society for 

Exercise Physiology, 2012; Davies et al., 2019; Health NDo, 2014; New Zealand Ministry of 

Health, 2015; Piercy et al., 2018). The most detailed recommendations to date have come 

from expert consensus guidelines on sedentary office work (Buckley et al., 2015), though 

lately this has been called into question because of co-author ties to the sit-stand desk 

industry that went undeclared at the time (Chau et al., 2018). These workplace guidelines 

have also been called ‘premature’ with their reliance on limited evidence (Stamatakis et al., 

2019). The current response of governing bodies to provide guidance for adults to limit their 

sedentary behaviour seems appropriate given the large base of epidemiological evidence 

showing a link between sedentary behaviour and chronic disease health risk, particularly as 

that risk remains even when controlling for exercise (Bailey et al., 2019; Healy et al., 2007). 

Real world behaviour change interventions, like the kind this feasibility study seeks to inform 

(Chapter 8), should add to the growing knowledge base about what works and why in 

practice. More interventions applying the BCW ‘roadmap’ as outlined in this thesis are 

needed to help determine the most pragmatic means by which sedentary behaviour can be 

reduced in the workplace setting so that domain-specific findings can inform future public 

health recommendations.   

 

Real world trials have demonstrated that it is possible to significantly reduce workplace 

sitting time (Chu et al., 2016; Shrestha et al., 2016). However, as reported in Study 1, 
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cardiometabolic risk marker changes are inconsistent across interventions (Brierley et al., 

2019). The A-REST feasibility study (Study 4, Chapter 8) adds new information about 

sedentary workplace interventions that is useful to policy makers. It provides preliminary 

information about behavioural and cardiometabolic risk marker changes that can be used to 

inform future guidelines around breaking up prolonged sitting, once these are confirmed in a 

full RCT. The qualitative experiences of participants documented in A-REST and in Study 2 

(Chapter 5), also contribute vital information about the acceptability of interventions to 

reduce sedentary time at work. These are necessary to shape guidelines that are achievable 

and acceptable to office workers. Guidelines also need to be relevant to all occupational 

subgroups. Understanding the barriers and facilitators specific to police staff contributes vital 

knowledge about office workers in an understudied setting (Study 3, Chapter 6). It may yet 

be too early to publish specific guidance for workplace sedentary behaviour, but the evidence 

from this thesis should help researchers plan future RCTs to investigate the effects of 

sedentary behaviour reduction intervention on sitting time and cardiometabolic risk markers.     

 

Seated work tasks were identified by participants in Study 3 (Chapter 6) as a barrier to sitting 

reduction. Increased reliance on technology (e.g., computers) is one of the key contributors to 

increased daily sedentary time (WHO, 2018b). Adding objects to the environment so that 

workers can perform computer tasks while standing (e.g., sit-stand desks), cycling (e.g., seat-

cycles), or walking (e.g., treadmill desks), has been a common approach for sedentary 

workplace interventions (Shrestha et al., 2018; Tudor-Locke et al., 2013). It must be 

acknowledged that one of the benefits participants in Study 2 reported (who were interviewed 

following a multi-component intervention where they were provided with sit-stand desks) 

was feeling physically free to move more. However, other aspects of that intervention such as 

the perceived positive social and organisational support were similar to what was reported by 
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participants of the A-REST feasibility study, an intervention without sit-stand desks (Study 4, 

Chapter 8). Participants of both studies (Study 2 and 4) also reported positive changes in 

routines and habits around sitting. Findings from the systematic review (Study 1, Chapter 4) 

showed that BCTs relating to social influences, habits, goal setting, and, to a lesser extent, 

restructuring the physical environment, were frequently occurring in promising interventions. 

However, a limitation is the lack of long-term follow-up on behaviour change maintenance 

with and without active workstations (e.g., a sit-stand desk, treadmill desk, seat-cycle) 

(Brierley et al., 2019; Shrestha et al., 2018). A three-arm study protocol has been published to 

compare a no intervention control to a multi-component intervention with and without a sit-

stand desk (Edwardson, Biddle, et al., 2018). Studies such as this might help determine the 

relative impact of social support and habit-formation BCTs versus environmental additions 

and restructuring BCTs. Future directions for the field include exploring how multi-

component interventions can pragmatically and sustainably change workplace sitting 

behaviour with or without the need for sit-stand desks. 

 

9.7 Personal reflection 

I applied for this PhD programme at the University of Bedfordshire in March 2017 when a 

call was put out for a PhD looking into the development and implementation of a sedentary 

workplace intervention. Having worked as a personal trainer for the last decade, the opening 

was perfect as I spent my days addressing the effects of too much sitting with my clients. The 

PhD meant that I could not only potentially intervene at the source, but I would reach more 

people than I could conducting 1:2:1 sessions. Thus I interviewed, was accepted, and began 

work on developing an effective intervention. As my studies progressed, it became clear that 

this was no mean feat! The amount of time and effort that has gone into the crafting of the A-

REST study was beyond anything I could have imagined at the outset. Needless to say, I 
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spent a good portion of my time on the background work necessary to the project, reviewing 

the literature, conducting interviews, developing the framework with which to select the best 

BCTs given the police office context. Thankfully, this led to the culmination of my work 

with the A-REST workplace intervention trial. 

 

The main strength of this thesis is the detail and documentation with which the A-REST 

study has been developed. Every aspect of the trial, from the mode of delivery to the 

individual BCTs, reflects the systematic decision-making that is the hallmark of a good, 

replicable study. This was accomplished by first determining what BCTs went into 

interventions that improved cardiometabolic risk markers. What I am particularly proud of is 

the incorporation of lessons learned in a colleague’s sedentary workplace intervention along 

with input from those employees (police staff) who would later be receiving the intervention.  

This was heavily qualitative work, something I was only vaguely comfortable with prior to 

my PhD but which turned out to be one of the more educational and rewarding parts of my 

degree. The confidence I have gained from listening to peoples’ lived experiences has been 

an invaluable skill. A skill that will be immediately useful in my new role as a Research 

Assistant for the RESIT (REgulate your SItting Time) study at Brunel University London, 

where I will be helping to test a new intervention to assist those with Type 2 diabetes to sit 

less.  

 

There are certain aspects of my degree that with hindsight, I would have liked to have gone 

differently. I regret that I only had time to run my final study, the A-REST intervention, for 

eight weeks. It was originally designed as a ten-week intervention and certainly my 

systematic review found that the average intervention duration to detect cardiometabolic risk 

marker change was twelve weeks. In hindsight, I should have spent a little less time on my 
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systematic review (Study 1). However, it was my first review, and I was excited to tackle the 

first study of my PhD. Nevertheless, I do wonder if this decision may have affected the 

secondary outcome results obtained in Study 4. With a longer timeframe, some of those 

cardiometabolic risk marker trends may have materialised into significant health 

improvements, though that is by no means a certainty. I am consoled by the fact that 

sedentary behaviour patterns at work did change in just eight weeks in police staff and that 

anecdotal reports from participant interviews indicated that behaviour changes had become 

habit. In addition to that, it was gratifying to learn from participants that my sedentary 

workplace intervention helped support them with their other health behaviour goals, not just 

excessive sitting at work. Overall, that is why I chose this PhD and ultimately, this career 

path, to support as many people as possible to take control of their health. 

 

9.8 Conclusions 

The cardiometabolic health risks of total prolonged sedentary time is well established in the 

literature. Interventions in office settings, where a large amount of sitting occurs, are able to 

change workers’ sedentary behaviour using individual/behavioural, social/organisational, and 

environmental strategies in concert. This thesis was the first to systematically review 

evidence that revealed sedentary workplace intervention studies show promise for improving 

cardiometabolic risk markers (Chapter 4). However, there were no consistent improvements 

across interventions and studies were at high and moderate risk of bias on blinding/allocation 

concealment and random sequence generation bias, respectively. This was also the first study 

to report on the BCTs more frequently present in interventions with cardiometabolic risk 

marker improvements (via promise ratios). Social comparison, problem solving, 

demonstration of the behaviour, goal setting (behaviour), behaviour substitution, and habit 

reversal, were at least twice as likely to be present in promising interventions as non-
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promising ones. Only about a third of studies were explicitly theory-based. Given the 

potential for population health benefits and having conducted a review into promising 

interventions for health outcomes, it was necessary to investigate sitting reduction and 

cardiometabolic risk marker effects in a novel occupational setting using the BCW as a tool 

for intervention development.  

 

The COM-B needs assessment revealed that police staff had similar needs to other office 

workers but differed on several accounts. They required an intervention tailored to their 

specific setting. This meant being conscious of urgent work tasks, public spending scrutiny, 

and elevated security. Police staff required better knowledge of health risks and behavioural 

regulation strategies (Psychological capability). They needed help establishing new norms 

around sitting and with enhanced organisational support (Social opportunity). A low-cost 

environmental support solution was essential for this publicly-funded organisation (Physical 

opportunity). Goal setting and action planning were needed to take advantage of good 

intentions and promote belief in health/work benefits (Reflective motivation). Police staff 

needed incentivisation and reward to help learn to overcome old habits and form new ones 

(Automatic motivation). Given these findings, it was necessary to design a multi-component 

intervention with clearly mapped content and delivery modes.  

 

The A-REST study is one of the first to use the BCW to inform a sedentary workplace 

intervention from design through to evaluation. Systematic application of the APEASE 

criteria identified 20 BCTs for inclusion in a sedentary workplace intervention for police 

staff. These were linked to seven intervention functions (Training, Enablement, Education, 

Social restructuring, Persuasion, Incentivisation, and Modelling) and four policy categories 

(Guidelines, Social planning, Service provision and Communications/marketing). A blended 
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format of face-to-face and distance delivery was selected as most pragmatic and practicable. 

Interviews with participants of a previous theory-based, multi-component intervention with 

sit-stand desks helped inform the findings. Workers perceived that their siting reduction 

efforts and engagement with sit-stand desks were supported by prompting reminders, 

education provision, and management support emails. Remaining barriers for sustainable 

behaviour change included a lack of external motivation (e.g., a competition, for example), 

cost and ultimately, management buy-in. Given the limited likelihood that police staff would 

universally be able to access sit-stand desks under real world conditions, it was imperative to 

test a multi-component intervention that emphasised the other aspects of the COM-B analysis 

such as habit formation and social norms. The A-REST intervention showed it was possible 

to positively address the behavioural determinants of sitting through habit formation without 

the need for a desk overhaul (see Chapter 8). Challenges for the future are to understand if 

behaviour changes persist in the long term and the subsequent effects on health outcomes.   

 

The A-REST feasibility study demonstrated that a QR code competition to break up and 

reduce prolonged sitting in police staff was acceptable, practicable, and produced preliminary 

effects. The intervention saw reductions in total sitting time at work, number of sitting bouts 

≥ 30 minutes, amount of time accumulated in prolonged sitting ≥ 30 minutes and increased 

standing time (all normalised to an 8-hour day). Participants experienced a small but 

significant weight reduction (though not clinically significant) and improved positive affect. 

More research is needed into the sustainability of these changes over longer timeframes and 

as compared to usual practice. The findings should contribute to the larger body of evidence 

on cardiometabolic risk markers and workplace sedentary behaviour, as well as to the field of 

health behaviour change.
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Appendix 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) checklist 

Section/topic  # Checklist item  
Reported on 
page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, 
or both.  

Y –Title 
page, p.1 

ABSTRACT   

Structured 
summary  

2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal 
and synthesis methods; results; limitations; conclusions 
and implications of key findings; systematic review 
registration number.  

Y –Abstract, 
p.2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of 
what is already known.  

Y –
Background 
section, 
pp.5-9 

Objectives  4 Provide an explicit statement of questions being 
addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

Y –
Background 
section and 
Methods, 
pp.9-12 

METHODS   

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

Y-2. 
Methods 
section, 
p.10  

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, length of 

follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as 
criteria for eligibility, giving rationale.  

Y – 2.2 
eligibility 
criteria, 
pp.10-12 

Information 
sources  

7 Describe all information sources (e.g., databases with 
dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

Y – 2.4 data 
extraction, 
p13; and 
Table 2, 
p.50 

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

Y – 2.1 
Search 
procedure, 
p.10; Table 
1, p.49  
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Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

Y – 2.3 
screening 
procedure, 
pp.12-13;  
Fig 1 

Data collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

Y – 2.4 Data 
extraction, 
p.13 

Data items  11 List and define all variables for which data were sought 
(e.g., PICOS, funding sources) and any assumptions 
and simplifications made.  

Y – table 2, 
p.50 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this 
was done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

Y – 2.5 
Quality 
assessment, 
p.13-14; 
Table 4, 
p.60 

Summary 
measures  

13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

N/A 

Synthesis of 
results  

14 Describe the methods of handling data and combining 
results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

N/A 

 

Page 1 of 2  

Section/topic  # Checklist item  
Reported on 
page #  

Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may affect 
the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

Y – 
(publication 
bias) 4. 
Discussion, 
p.4 

Additional 
analyses  

16 Describe methods of additional analyses (e.g., 
sensitivity or subgroup analyses, meta-regression), if 
done, indicating which were pre-specified.  

N/A 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for 
eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

Y – 3.1 Article 
selection, p.17; 
PRISMA flow 
diagram, 
Figure 1 

Study 
characteristics  

18 For each study, present characteristics for which data 
were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

Y – 3.1.1 
Study 
characteristics, 
p.17; Table 3, 
p.51 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, if 
available, any outcome level assessment (see item 
12).  

Y—2.5 Risk of 
bias 
assessment, 
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p.13-14; Table 
4, p.61 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or harms), 
present, for each study: (a) simple summary data for 
each intervention group (b) effect estimates and 
confidence intervals, ideally with a forest plot.  

Y – Table 3, 
p.51, Figure 2 

Synthesis of 
results  

21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

Y –2.6 
Synthesis of 
data, pp.14-16; 
Tables 5, 6, 7; 
Supplementary 
Electronic 
Tables S2 & 
S3 

Risk of bias 
across studies  

22 Present results of any assessment of risk of bias 
across studies (see Item 15).  

N/A 

Additional 
analysis  

23 Give results of additional analyses, if done (e.g., 
sensitivity or subgroup analyses, meta-regression 
[see Item 16]).  

N/A 

DISCUSSION   

Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, 
users, and policy makers).  

Y – 4. 
Discussion, 
pp.26-34 

Limitations  25 Discuss limitations at study and outcome level (e.g., 
risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

Y – 4.1 
Limitations at 
study and 
outcome level, 
p.30-32; 4.2 
Limitations at 
review level, 
p.32-33 

Conclusions  26 Provide a general interpretation of the results in the 
context of other evidence, and implications for future 
research.  

Y – 5. 
Conclusion, 
pp.35 

FUNDING   

Funding  27 Describe sources of funding for the systematic review 
and other support (e.g., supply of data); role of 
funders for the systematic review.  

Y—p.2 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  

Page 2 of 2  
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Appendix 4. Template for Intervention Description and Replication (TIDIER) for all included studies (Table S1 in Electronic Supplementary 

Material 1) 
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Author(s) Title Intervention/Control (name)

1. Brief name                  
(Provide the name or a 

phrase that describes the 

intervention)

2. Why                                 
(Describe any 

rationale, theory, or 

goal of the elements 

essential to the 

intervention)

3. What                                                                               
(Materials: Describe any physical or 

informational materials used in the 

intervention, including those provided 

to participants or used in intervention 

delivery or in training of intervention 

providers. Provide information on 

where the materials can be accessed 

(e.g. online appendix, URL)).

4. What                                        
(Procedures: Describe each 

of the procedures, 

activities, and/or processes 

used in the intervention, 

including any enabling or 

support activities).

5. Who Provided    
(For each category of 

intervention provider (e.g. 

psychologist, nursing 

assistant), describe their

expertise, background and 

any specific training given).

6. How                 
(Describe the modes of 

delivery (e.g. face-to-face or 

by some other mechanism, 

such as internet or 

telephone) of the 

intervention and whether it 

was provided individually or 

in a group).

7. Where            
(Describe the type(s) 

of location(s) where 

the intervention 

occurred, including 

any necessary

infrastructure or 

relevant features).

8. When and How Much 
(Describe the number of times 

the intervention was delivered 

and over what period of time 

including

the number of sessions, their 

schedule, and their duration, 

intensity or dose).

9. Tailoring    
(If the intervention 

was planned to be 

personalised, 

titrated or adapted, 

then describe 

what, why, when, 

and how).

10. Modifications*       
(If the intervention was 

modified during the 

course of the study, 

describe the changes 

(what, why, when, and 

how)).

11. How Well 
(Planned: If intervention 

adherence or fidelity was 

assessed, describe how 

and by whom, and if any 

strategies were used to 

maintain or improve 

fidelity, describe them).

12. How Well* 
(Actual: If intervention 

adherence or fidelity was 

assessed, describe the 

extent to which the

intervention was 

delivered as planned).

Totals 

Number of Yes's

Alkhajah et al. (2012)

Sit–stand workstations: a pilot 

intervention to reduce office sitting 

time

Intervention (Sit-stand workstation)

YES YES YES YES UNCLEAR YES YES YES n/a n/a NO NO 7

Control (Usual care)

YES YES UNCLEAR n/a n/a n/a YES n/a n/a n/a NO NO 3

Bergman et al. (2018) Treadmill workstations in office workers 

who are overweight

or obese: a randomised controlled trial

Intervention (Treadmill desks)

YES YES YES YES YES YES YES YES YES n/a NO NO 9

Active control

n/a n/a YES YES YES YES n/a n/a n/a n/a NO NO 4

Bouchard et al. (2016) Using Shared Treadmill Workstations to 

Promote Less Time Spent in Daily Low 

Intensity Physical Activities: A Pilot Study 

Intervention (Active workstation). No 

control.

YES YES YES YES YES YES YES YES n/a YES NO NO 9

Carr et al. (2013) Multicomponent intervention to reduce 

daily sedentary time: a randomised 

controlled trial

Intervention (Pedal workstation). No 

control. 

YES YES YES YES YES YES YES YES YES n/a YES YES 11

Waitlist control

YES YES YES YES YES YES YES YES n/a n/a NO NO 8

Carr et al. (2016) Total Worker Health Intervention 

Increases Activity of Sedentary Workers

Intervention - integrated health 

protection/health promotion group 

(HP/HP)

YES YES YES YES YES YES YES YES YES n/a YES YES 11

Control - health protection–only group 

(HPO)

YES YES YES YES YES YES YES YES n/a n/a UNCLEAR UNCLEAR 8

Chia et al. (2015) Office sitting made less sedentary - A 

future-forward approach to reducing 

physical inactivity at work

Seat cycle intervention (S-C)

YES YES YES UNCLEAR NO YES YES YES YES n/a NO UNCLEAR 7

Office chair control (O-C)

YES YES YES YES NO n/a YES YES n/a n/a NO NO 6

Danquah et al. (2016) Take a stand! - a multi-component 

intervention aimed at reducing sitting 

time among office workers - a cluster 

randomized trial

Intervention

YES YES YES YES UNCLEAR YES YES YES YES n/a YES YES 10

Control

n/a n/a UNCLEAR UNCLEAR n/a n/a YES UNCLEAR n/a n/a NO YES 2

Dunning et al. (2018) The Effect of Interrupting Sedentary 

Behavior on the

Cardiometabolic Health of Adults With 

Sedentary Occupations

Intervention (PROMPT)

NO YES NO YES YES YES UNCLEAR YES n/a n/a UNCLEAR YES 6

Control (CON)

n/a YES n/a n/a n/a NO n/a n/a NO NO 1
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Garland et al. (2018) Stand Up to Work: assessing the

health impact of adjustable

workstations

Intervention [Active workstation (AWS)]

YES NO UNCLEAR UNCLEAR NO YES YES UNCLEAR n/a n/a UNCLEAR NO 3

Active control [Traditional desk (TD)]

YES NO UNCLEAR UNCLEAR NO YES YES UNCLEAR n/a n/a UNCLEAR NO 3

Gorman et al. (2013) Does an 'activity-permissive' workplace 

change office workers' sitting and activity 

time?

Intervention (post-move, natural 

experiment) 

YES YES YES YES n/a YES YES YES n/a n/a NO NO 7

No Control (just pre-move)

YES n/a YES n/a n/a YES YES YES n/a n/a n/a n/a 5

Graves et al. (2015) Evaluation of sit-stand workstations in an 

office setting: a randomised controlled 

trial

Intervention (sit-stand workstation)

YES YES YES YES YES YES YES YES n/a n/a YES YES 10

Control (normal work practices)

n/a YES n/a n/a n/a UNCLEAR YES n/a n/a YES YES 4

Healy et al. (2013) Reducing sitting time in office workers: 

short term efficacy of a multicomponent 

intervention

Intervention (multicomponent)

Yes YES YES YES YES YES YES YES YES n/a YES UNCLEAR 10

Control (normal work practices)

n/a n/a n/a UNCLEAR n/a n/a n/a n/a n/a NO NO 0

Healy et al. (2016) A cluster RCT to reduce office workers' 

sitting time: Impact on cardiometabolic 

biomarkers

Intervention (multicomponent)

YES YES YES YES YES YES YES YES YES n/a YES UNCLEAR 10

Control (normal work practices)

n/a n/a n/a UNCLEAR YES YES YES n/a n/a n/a YES UNCLEAR 4

John et al. (2011) Treadmill workstations: a worksite 

physical activity intervention in 

overweight and obese office workers

Intervention (Treadmill workstation). No 

control.

Yes YES YES YES UNCLEAR YES YES UNCLEAR YES YES UNCLEAR NO 8

Koepp et al. (2013) Treadmill desks: A 1-year prospective 

trial

Intervention (Treadmill workstation). No 

control.

YES YES YES YES UNCLEAR YES YES UNCLEAR YES n/a YES YES 9

Lin et al. (2017) Short-Term Efficacy of a ‘‘Sit Less, Walk 

More’’ Workplace Intervention on 

Improving Cardiometabolic Health and 

Work Productivity in Office Workers

Intervention (Sit less, walk more)

YES YES YES YES YES UNCLEAR YES YES YES n/a YES UNCLEAR 9

Comparison (maintained normal 

behavior, received monthly newsletters 

only)

n/a n/a YES YES n/a UNCLEAR YES YES n/a n/a UNCLEAR UNCLEAR 4

MacEwen et al. (2018) Sit-Stand Desks To Reduce Workplace 

Sitting Time In Office

Workers With Abdominal Obesity: A 

Randomized Controlled Trial

Intervention (Sit-stand desks)

NO NO YES YES UNCLEAR YES UNCLEAR YES YES n/a NO NO 5

Control (normal work practices)

n/a n/a n/a YES n/a n/a UNCLEAR n/a n/a n/a NO NO 1



 374 

 

Mailey et al. (2016) Comparing the effects of two different 

break strategies on occupational 

sedentary behavior in a real world 

setting: A randomized trial

Intervention (Short breaks)

YES YES Yes YES YES YES YES YES YES n/a YES Yes 11

Intervention (Long breaks)

YES YES Yes Yes YES YES YES YES YES n/a YES Yes 11

Mainsbridge et al. (2014) The effect of an e-health intervention 

designed to reduce prolonged 

occupational sitting on mean arterial 

pressure

Intervention (Exertime)

YES YES YES YES YES YES YES YES YES n/a YES YES 11

Control (normal work practices)

YES n/a YES YES YES YES YES YES n/a n/a YES YES 9

Mainsbridge et al. (2018) Blood Pressure Response to Interrupting 

Workplace Sitting

Time With Non-Exercise Physical Activity

Intervention (Exertime). No control.

YES NO YES YES YES YES YES YES YES n/a UNCLEAR UNCLEAR 8

Malaeb et al. (2019) A “NEAT” Approach to Obesity 

Prevention in the

Modern Work Environment

Intervention (Treadmill workstation). 

NO YES YES YES YES UNCLEAR YES YES n/a UNCLEAR UNCLEAR 6

Control (normal work practices)

n/a n/a YES n/a n/a n/a n/a n/a n/a NO NO 1

Mantzari et al. (2019) Impact of sit-stand desks at work on 

energy expenditure, sitting time and

cardio-metabolic risk factors: Multiphase 

feasibility study with randomised

controlled component

Intervention (Sit-stand desks)

NO NO YES YES YES YES YES UNCLEAR YES n/a UNCLEAR UNCLEAR 6

Active Control (normal work practices 

plus received info on how to reduce 

sitting)

n/a n/a YES YES YES UNCLEAR n/a n/a n/a n/a n/a NO 3

Maylor et al. (2018) Efficacy of a Multicomponent 

Intervention to Reduce Workplace

Sitting Time in Office Workers

A Cluster Randomized Controlled Trial

Intervention (Beat the seat)

YES YES YES YES YES YES YES UNCLEAR YES n/a UNCLEAR NO 8

Control (normal work practices)

n/a n/a UNCLEAR UNCLEAR n/a n/a YES n/a n/a NO NO 1

Miyachi  et al. (2015) Installation of a stationary high desk in 

the workplace: effect of a 6-week 

intervention on physical activity

Intervention (SW)

YES YES YES YES NO YES YES YES YES n/a NO NO 8

Control (CONT)

YES n/a n/a YES n/a YES YES n/a n/a n/a NO NO 4

Puig-Ribera et al. (2015) Patterns of Impact Resulting from a ‘Sit 

Less, Move More’ Web-Based Program 

in Sedentary Office Employees

Intervention (W@WS)

YES YES YES YES YES YES YES YES YES n/a NO NO 9

Comparison (maintained normal 

behavior)

n/a n/a YES YES YES YES YES n/a n/a n/a NO YES 6

Schuna et al. (2014) Evaluation of a workplace treadmill desk 

intervention: A randomized controlled 

trial

Intervention (Shared treadmill desk)

YES YES YES YES YES YES YES YES YES YES YES YES 12

Control (usual working condition)

n/a n/a YES YES n/a YES YES n/a n/a YES UNCLEAR NO 5
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Tucker et al. (2016) Worksite physical activity intervention 

for ambulatory clinic nursing staff

Intervention (NEAT & NEAT+). No 

control. 

YES YES UNCLEAR YES UNCLEAR YES UNCLEAR YES YES NO UNCLEAR UNCLEAR 6

Verweij et al. (2012) The application of an occupational health 

guideline reduces sedentary behaviour 

and increases fruit intake at work: results 

from an RCT.

Intervention (Guideline-based care)

YES YES YES YES YES YES YES YES YES NO YES YES 11

Control (care as usual)

YES YES YES YES NO YES NO NO YES 6

Zhu et al. (2018) Long-term effects of sit-stand 

workstations on workplace sitting: A

natural experiment

Intervention

NO NO YES YES YES YES YES YES n/a NO NO 6

Active Control

n/a n/a YES YES YES YES n/a n/a n/a NO NO 4

33 28 37 41 27 39 40 31 24 4 16 16TOTALS
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Appendix 5. Behaviour change techniques unique to non-promising interventions (Table S2 in Electronic Supplementary Material 2) 

 

 

 

 

BCTs appearing only in non-promising 

interventions
Very promising 

(n=9)

Quite promising 

(n=11)

All promising 

(very & quite) 

(n=20)

Non-promising 

(n=10)

Active controls 

(n=10)

All non-promising 

(non-promising & 

active controls) 

(n=20) All (n=40) Ratio

Ratio 

without 

active 

controls

Self-monitoring of outcomes of behaviour 0 0 0 1 0 1 1 0 0

Salience of consequences 0 0 0 1 0 1 1 0 0

Pros and Cons 0 0 0 1 0 1 1 0 0

Self-reward 0 0 0 1 0 1 1 0 0

Framing/reframing 0 0 0 1 1 2 2 0 0

Verbal persuasion about capability 0 0 0 1 1 2 2 0 0

NOTE: BCTs = behaviour change techniques

Promising Non-promising
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Appendix 6. Behaviour change techniques in very, quite and non-promising interventions with a frequency ratio of less than 2.0 (Table S3 in 

Electronic Supplementary Material 3) 
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BCTs below 2.0
Very promising 

(n=9)

Quite promising 

(n=11)

All promising 

(very & quite) 

(n=20)

Non-promising 

(n=10)

Active controls 

(n=10)

All non-promising 

(non-promising & 

active controls)             

(n=20) All (n=40) Ratio

Ratio 

without 

active 

controls

Adding objects to the environment 5 8 13 7 0 7 20 1.9 1.9

Behavioural practice/rehearsal 8 10 18 8 2 10 28 1.8 2.3

Habit formation 8 10 18 8 2 10 28 1.8 2.3

Restructuring the physical environment 7 9 16 8 1 9 25 1.8 2.0

Action planning 5 7 12 6 1 7 19 1.7 2.0

Monitoring of behaviour by others without feedback1 6 7 3 2 5 12 1.4 2.3

Self-monitoring of behaviour 4 7 11 5 3 8 19 1.4 2.2

Feedback on outcome(s) of behaviour 2 2 4 2 1 3 7 1.3 2.0

Prompts/cues 6 6 12 6 3 9 21 1.3 2.0

Feedback on behaviour 4 4 8 4 3 7 15 1.1 2.0

Information about health consequences 6 4 10 4 5 9 19 1.1 2.5

Instruction on how to perform the behaviour 5 9 14 8 5 13 27 1.1 1.8

Review behaviour goal(s) 1 1 2 2 0 2 4 1.0 1.0

Discrepancy between current behaviour and goal0 1 1 1 0 1 2 1.0 1.0

Information about antecedents 1 0 1 1 0 1 2 1.0 1.0

Non-specific reward 1 0 1 1 0 1 2 1.0 1.0

Non-specific incentive 1 0 1 1 0 1 2 1.0 1.0

Avoidance/reducing exposure to cues for the behaviour0 1 1 1 0 1 2 1.0 1.0

Social support (unspecified) 5 5 10 5 6 11 21 0.9 2.0

Biofeedback 2 2 4 3 3 6 10 0.7 1.3

Graded tasks 0 2 2 3 0 3 5 0.7 0.7

Credible source 2 0 2 2 1 3 5 0.7 1.0

Self-monitoring of outcomes of behaviour 0 0 0 1 0 1 1 0.0 0.0

Salience of consequences 0 0 0 1 0 1 1 0.0 0.0

Pros and Cons 0 0 0 1 0 1 1 0.0 0.0

Self-reward 0 0 0 1 0 1 1 0.0 0.0

Framing/reframing 0 0 0 1 1 2 2 0.0 0.0

Verbal persuasion about capability 0 0 0 1 1 2 2 0.0 0.0

NOTE: BCTs = behaviour change techniques

Promising Non-promising
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Appendix 7. Informed consent for Study 2 

 

 

 

 

 

INFORMED CONSENT FORM 

Title of Project: Office workers’ perspectives of a multi-component sedentary workplace 
intervention: A qualitative analysis using the Theoretical Domains Framework and COM-B 
model 

Name of Researcher: Marsha Brierley 

Study Approval Number: 2018ISPAR014 

Participant Identification Number:  

Please 
initial 
box  

• I confirm that I have read the information sheet dated.................... for the 
above study. I have had the opportunity to consider the information, ask questions 
and have had these answered satisfactorily. 
 

• I understand that my participation is voluntary and that I am free to withdraw at any 
time 
without giving any reason, without my medical care or legal rights being affected.  

 

• I understand that the information collected about me will be used to support 
other research in the future and may be shared anonymously with other researchers. 
 

• I give permission for the research investigator (Marsha Brierley) to access and use my 
data anonymously from Samson Ojo’s intervention. 
 

• I agree to participate in an audio-recorded interview. 
 

• I understand that I may review the transcript from my interview should I wish to. 
 

SCHOOL OF SPORT SCIENCE AND PHYSICAL ACTIVITY 
 

Bedford Campus Polhill Avenue Bedford 
MK41 9EA 

 
Web: www.beds.ac.uk/departments/sport
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• I agree to be quoted directly in publications and/or conferences if my name is not 
published and a made-up name (pseudonym) is used. 

 

• I agree to participate only to the statements initialled above. 
 
_____________________________       _______________       ____________________ 
Name of Participant                                  Date                             Signature 
 
_____________________________        _______________      ___________________ 
Name of Person taking consent                Date                            Signature 
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Appendix 8. Information sheet for Study 2 

 

 

 

PARTICIPANT INFORMATION SHEET 
 
Study title: Office workers’ perspectives of a multi-component sedentary workplace 
intervention: A qualitative analysis using the Theoretical Domains Framework and COM-B 
model (2018ISPAR014) 
 

Dear Participant, 
 

You are being invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more information. Take time to decide 
whether you wish to take part. Thank you for reading this. 
 

What is the aim of the project? 
The purpose of this research project is to assess employee perceptions of a sedentary 
workplace intervention. Specifically, this study will look at perceived barriers and facilitators 
of reducing prolonged sitting at work, intervention resources, and perceived impacts. The 
study consists of semi-structured interviews conducted in person, via Skype or over the 
phone lasting approximately 25-50 minutes. This research project is being undertaken in 
partial fulfilment of a PhD degree. 
 

What type of participant is needed? 
To be eligible for this study, you must either have been a participant in Samson Ojo’s study, 
or have never participated in a workplace sedentary intervention and: 

• Are 18+ years old, 

• Work ≥ 0.6 FTE hours 

• Work from a non-adjustable desk  

• Sit most of the day at work 

• Are able to stand and walk 

• Are not pregnant 
 
What will participants be asked to do? 
It is important to note that you are free to not take part or stop taking part in this study 

SCHOOL OF SPORT SCIENCE AND PHYSICAL ACTIVITY 
 

Bedford Campus Polhill Avenue Bedford 
MK41 9EA 

 
Web: www.beds.ac.uk/departments/sport
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at any time you wish; however, you may not re-enter the study after leaving. You will first 
be required to meet the inclusion criteria listed above.  
 
Following this, you will be sent an email to set up a date for interview. The email will also 
include a.) written material about the study, including informed consent and this 
information sheet and b.) a link to an online demographic questionnaire. You will be asked 
to read and complete these prior to interview.  
 
Interviews will take place by prior arrangement at your work place, by phone, Skype, or 
at the University of Bedfordshire (Bedford or Luton Campus).  

• the interview will be recorded and a transcript will be produced 
• you may choose to be sent the transcript and given the opportunity to correct any 

factual errors 
• the transcript of the interview will be analysed by (Marsha Brierley) as research 

investigator 
• access to the interview transcript will be limited to Marsha Brierley and academic 

colleagues and researchers with whom she might collaborate as part of the 
research process 

• any summary interview content, or direct quotations from the interview, that are 
made available through academic publication or other academic outlets will be 
anonymised so that you cannot be identified, and care will be taken to ensure that 
other information in the interview that could identify yourself is not revealed 

• the actual voice recording will be securely destroyed after transcription 
• any personal data will be kept for up to 5 years after publication 
• any variation of the conditions above will only occur with your further explicit 

approval 
• if applicable, the research investigator (Marsha Brierley) may access and use your 

data obtained from Samson Ojo’s intervention (#IHREC836), and care will be taken 
to ensure that the data is anonymised. 

 
What are the possible risks of taking part in the study? 
This research project involves a conversation about your recent experience of a sedentary 
workplace intervention (if you were in Samson Ojo’s study) OR your perceptions of what an 
intervention would be like (if you have never participated in an intervention before). There 
will be questions about perceived barriers and facilitators of reducing sitting at work, use of 
intervention resources and perceived impacts.  
 
There is no immediate physical risk to your health. Some individuals may worry about 
repercussions from their employer for sharing their views. We have procedures in place to 
protect your anonymity and ensure confidentiality. Any directly quoted material will be 
labelled with a pseudonym that cannot be connected to you. See the section below titled 
‘What will happen to the data and information collected?’ for more information on this. 
You have the right to withdraw from the study at any time. 
 
If you were a participant in Samson Ojo’s sedentary workplace intervention, we will ask you 
for your consent for us to access and use data from that study. Care will be taken to ensure 
that the data is anonymised. 
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We will collect demographic information about you as this will help us better 
understand who is impacted by sedentary workplace interventions and how. Care will 
be taken to ensure that demographic data is anonymised. 
 
What if you decide you want to withdraw from the project? 
It is up to you to decide whether to take part. If you do decide to take part, you will be given 
this information sheet to keep and be asked to sign a consent form; you are still free to 
withdraw at any time and without giving a reason. A decision to withdraw at any time, or a 
decision not to take part, will not affect the standard of care you receive. 
 
What will happen to the data and information collected? 
Any electronic information and results collected will be a.) made into password-protected 
documents, and b.) stored securely on Marsha Brierley’s password-protected laptop or on 
password-protected computers at the University of Bedfordshire.  
 
Any physical documents will be stored securely in a locked filing cabinet in an ID card-
protected office (D1.03) or the Sports Science Laboratories at the University of Bedfordshire, 
Polhill Campus, Bedford. Data will only be accessible to related University staff. Transcripts 
and all data will be kept for up to 5 years after publication. 
 
Results of this project will be published in a PhD thesis and may be disseminated externally 
(in a scientific journal or conference proceeding), but any data included (including direct 
quotes) will in no way be linked to any specific participant. Any information about you will 
have your name and any other identifying material removed so that you cannot be recognised 
from it.  
 
What will happen to the results of the research study? 
The results of the study will be available upon completion of the analyses. You may obtain a 
copy of the published results by contacting Marsha Brierley 
(marsha.brierley@study.beds.ac.uk). 
 
What if I have any questions? 
Questions are always welcome, and you are free to ask me, the research student (Marsha 
Brierley), or the supervisory team (Dr. Lindsey Smith, Dr. Daniel Bailey or Dr. Angel Chater) 
any questions at any time. See below for specific contact details. 
 
 
Many Thanks, 
 
Marsha Brierley 
Email: marsha.brierley@study.beds.ac.uk  
 
Additional contacts for further information 
 
Supervisory team: 
Dr. Lindsey Smith 

mailto:marsha.brierley@study.beds.ac.uk
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Email: Lindsey.Smith@beds.ac.uk 
Dr. Daniel Bailey 
Email: daniel.bailey@beds.ac.uk  
Dr. Angel Chater 
Email: angel.chater@beds.ac.uk 
 
 
 

Thank you for taking your time to read this information sheet. 
 

Please keep this form for your records 
 
 

 

 

mailto:Lindsey.Smith@beds.ac.uk
mailto:daniel.bailey@beds.ac.uk
mailto:angel.chater@beds.ac.uk
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Appendix 9. Ethics approval documents for Study 2 

 
 
 
 

 

 

07/08/18 
 

ISPAR Ethical Approval Confirmation 
 
 
Proposer: Marsha Brierley 

Proposal title:   Office workers’ perspectives of a multi-component sedentary workplace intervention: 

A qualitative analysis using the Theoretical Domains Framework and COM-B model 

Dear Proposer 

Your research proposal has now received ethical approval from the Institute for Sport and Physical 
Activity Research (ISPAR) Ethics Panel and you are now able to proceed with the data collection 
for the project.  
 

Approval number: 2018ISPAR014 
 
 

Please note that if it becomes necessary to make any substantive change to the research design, 
the sampling approach or the data collection methods a further application will be required.  
 

Please be advised that your research project may be subject to an ethical audit at any given time. 
If you require any further information please contact the ISPAR Ethics Chair, Dr Laura 
Charalambous. 

 

Kind Regards 

 
 

 
 

 
Dr Laura Charalambous (ISPAR Ethics Chair) 
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Appendix 10. Interview schedule for Study 2 (Electronic Supplementary Material 1) 

Electronic Supplementary Material 2. Interview schedule designed to elicit perceptions of acceptability, practicability, and impacts of a multi-

component sedentary workplace intervention in full-time, adult employees.  

 

Topic Questions 

Welcome script Thanks for your time in agreeing to speak with me today. I am interested in 
hearing your views on sitting at work and the intervention that you have recently 
been involved with. Your answers will help us to design a future workplace 
intervention. When I refer to ‘the intervention’ I mean the sit-stand desks, the 
email newsletters, the education session at the beginning and the computer 
prompts that you received from Samson. 
 
The interview will be recorded, and will take about 25 minutes to an hour. I may 
use quotes from our conversation but they will be kept anonymous and I will 
provide only a pseudonym as a descriptor. I was hoping to take a few notes as we 
go along – is that ok? 
 
Please know that you are free to stop at any time should you wish to discontinue 
the interview. I hope you will find it interesting. Are you happy for us to proceed? 

Introductory 
questions:  
Job Role & 
background 

Tell me about your job role and day-to-day tasks.  
Prompt: Describe the layout of the office and your desk within it. 
Prompt: How many hours a day did you sit prior to the intervention?  
 



 388 

What motivated you to participate in the intervention? 
 

Tell me your overall impressions of the intervention. 

Intervention 
experience:  
Use of intervention 
resources, 
Facilitators, Barriers 

Would you please describe in your own words what the intervention was?  
Prompt: How do you feel the intervention worked? (If they did not feel it worked, 
how was it supposed to work?) 
 

How did you use the desk? 
Prompt: Was your use of the desk time dependent or task dependent? 
Prompt: What types of tasks did you generally do standing up/sitting down? 
Prompt: What helped you to stand as much as you did? 
Prompt: What may have stopped you from standing more than you did? 
(Footwear, others, office layout) 
 

How supported did you feel during the intervention?  
Prompt: By intervention deliverers, by management, by your peers, by technology, 
by the environment, educational resources? 
 

How did your motivation change over the course of the study? 
 

Overall, what worked well, and why? 
 

What, if anything, would you change, and why? 
 

Intervention 
experience: 
Motivation and 
sustainability 

How many people did you notice standing in your office?  
Prompt: What reasons might people give for why they did not use their desk to 
stand? 
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(Hadgraft et al., 
2017) 

What strategies might motivate others at work to engage with an intervention like 
this?  
 

Which intervention components or habits (if any) do you plan to continue with?  
Prompt:  On a scale of 1-10, how confident are you that you can maintain this? 
(1=extremely unconfident, 10=extremely confident)    
 

What would make these changes sustainable in the long term? 
 

What might get in the way? 
 

Overall thoughts: 
Barriers, Facilitators 

In general, what is the greatest barrier in implementing an intervention like this in 
the workplace? 
 

What would enable this type of intervention to work well?  
Prompt: (Education, environment, technology, social support, organizational 
support, policies, legislation?) 
 

Would you recommend this intervention to others? 
Why is this… 
 

Intervention 
experience: 
Knowledge, 
identity, and culture 

What is your understanding of workplace sedentary behaviour? How would you 
describe this to others? What words would you use? (Grunseit et al., 2013) 
 

What have you learned about prolonged sitting and health? 
 

What is your understanding of someone who is sedentary versus someone who is 
inactive?   
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How has the workplace culture changed as a result of the intervention? 
 

How do you feel your value as an employee has changed due to this intervention? 
(Hadgraft et al., 2017) 
 

Impacts: Culture, 
Habits, Health, 
Productivity 

Describe the impacts of the intervention on your: 
-Behaviour 
 
What about your… 
-Musculoskeletal health 
-Physical well-being (illness, absences from work) 
-Mental well-being (mood, stress levels) 
-Alertness/concentration 
-Physical activity and sitting outside the workplace (Grunseit et al., 2013) 
-Work productivity (Hadgraft et al., 2017) 
    Prompt: Communication  
    Prompt: Collaboration  
    Prompt: Timeliness of task completion/work flow  
    Prompt: Audio/Visual privacy disturbances?  
 

Intervention 
experience:  
Monitoring 

How were you monitored for change? (Any: Behavioural, musculoskeletal health, 
physical health, mental well-being, work productivity) 
 

How did you find the tools/devices used by the researcher in monitoring your 
behavior? 
 

What self-monitoring techniques (if any) did you employ? 
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Closing question What else, if anything, do you think we should consider when developing a future 
intervention to break up sitting time at work? 

In closing, is there anything else you’d like to say about your experience of the 
intervention, use of the desk, or of wearing the activity monitor? 

Debrief script I appreciate your time today in taking part in this interview on sitting in the 
workplace. Once my study is complete the results will be available – you may 
email me for the details. Also, feel free to get in contact if you have any further 
questions. Thanks again for your time. 

References Grunseit, A. C., Chau, J. Y., van der Ploeg, H. P., & Bauman, A. (2013). “Thinking on 
your feet”: A qualitative evaluation of sit-stand desks in an Australian workplace. 
BMC Public Health, 13(1), 365. https://doi.org/10.1186/1471-2458-13-365 
 
Hadgraft, N. T., Willenberg, L., LaMontagne, A. D., Malkoski, K., Dunstan, D. W., 
Healy, G. N., Moodie, M., Eakin, E. G., Owen, N., & Lawler, S. P. (2017). Reducing 
occupational sitting: Workers perspectives on participation in a multi- component 
intervention. International Journal of Behavioral Nutrition and Physical Activity, 
14(1), 73. https://doi.org/10.1186/s12966-017-0530-y 

 

https://doi.org/10.1186/1471-2458-13-365
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Appendix 11. Consolidated criteria for reporting qualitative research (COREQ) (Electronic Supplementary Material 2) 

No  Item  Guide 

questions/description  

Response Where in 

document 

Domain 1: 

Research 

team and 

reflexivity  

    

Personal 

Characteristics

  

    

1.  Interviewer/ 

facilitator  

Which author/s conducted the 

interview or focus group?  

MB Methods 

2.  Credentials  What were the researcher's 

credentials? E.g. PhD, MD  

The research team consisted of the lead researcher 

(MB), who holds an MSc and is a PhD candidate 

and a health psychologist (AC) experienced in 

qualitative methods and behaviour change theory. 

The wider research team who helped guide 

discussions around identified themes include a 

physiologist and intervention specialist (DB) and a 

sport pedagogy expert (LS).  

Title page 

3.  Occupation  What was their occupation at 

the time of the study?  

PI: PhD Student n/a 

4.  Gender  Was the researcher male or 

female?  

Female n/a 

5.  Experience and 

training  

What experience or training 

did the researcher have?  

PhD student trained in qualitative methods n/a 
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Relationship 

with 

participants  

    

6.  Relationship 

established  

Was a relationship 

established prior to study 

commencement?  

No relationship prior to the study Methods 

7.  Participant 

knowledge of the 

interviewer  

What did the participants 

know about the researcher? 

e.g. personal goals, reasons 

for doing the research  

It had been disclosed that the researcher was doing a 

PhD on intervention design. 

Methods 

8.  Interviewer 

characteristics  

What characteristics were 

reported about the 

interviewer/facilitator? 

e.g. Bias, assumptions, 

reasons and interests in the 

research topic  

Researcher was designing an intervention and aware 

of health risks of too much sitting. 

Methods 

Domain 2: 

study design  

    

Theoretical 

framework  

    

9.  Methodological 

orientation and 

Theory  

What methodological 

orientation was stated to 

underpin the study? e.g. 

grounded theory, discourse 

analysis, ethnography, 

phenomenology, content 

analysis  

Evaluation according to the Behaviour Change 

Wheel (BCW) best practice: using the APEASE 

criteria. 

Methods 

Participant 

selection  

    

10.  Sampling  How were participants 

selected? e.g. purposive, 

This was a convenience sample of individuals who 

had recently taken part in a multi-component 

intervention with sit-stand desks.  

Methods 



 394 

convenience, consecutive, 

snowball  

11.  Method of 

approach  

How were participants 

approached? e.g. face-to-face, 

telephone, mail, email  

Participants were approached via email. Methods 

12.  Sample size  How many participants were 

in the study?  

13 Methods 

13.  Non-participation  How many people refused to 

participate or dropped out? 

Reasons?  

22 individuals partook in the intervention but only 

13 consented to give interviews. 

Methods 

Setting  
    

14.  Setting of data 

collection  

Where was the data 

collected? e.g. home, clinic, 

workplace  

All interviews were conducted during working 

hours, face-to-face at the participant's place of work. 

Methods 

15.  Presence of non-

participants  

Was anyone else present 

besides the participants and 

researchers?  

interviews were conducted in one-to-one settings. Methods 

16.  Description of 

sample  

What are the important 

characteristics of the 

sample? e.g. demographic 

data, date  

Demographic data presented in a table. Information 

described includes: age, sex, job type (‘I manage 

others’/’I do not manage others’), length of tenure 

with the organisation, hours worked per week, 

education level, marital status, exercise habits, 

health status, smoking status, and alcohol 

consumption. 

Methods 

Data 

collection  

    

17.  Interview guide  Were questions, prompts, 

guides provided by the 

authors? Was it pilot tested?  

An interview schedule is provided as supplementary 

material. The questions were piloted and refined 

prior to use. 

Methods & 

Supplementary 

material 

18.  Repeat interviews  Were repeat interviews 

carried out? If yes, how 

many?  

No repeat interviews. Methods 
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19.  Audio/visual 

recording  

Did the research use audio or 

visual recording to collect the 

data?  

Audio recording only. Methods 

20.  Field notes  Were field notes made during 

and/or after the interview or 

focus group?  

Field notes were taken during the interviews with 

additional reflection recorded immediately 

afterwards. 

Methods 

21.  Duration  What was the duration of the 

interviews or focus group?  

Interviews lasted on average 32:47±5:41minutes 

(mean±standard deviation).  

Methods 

22.  Data saturation  Was data saturation 

discussed?  

Data saturation was discussed in depth using a three-

point assessment based on Fusch & Ness (2015). 

Methods 

23.  Transcripts 

returned  

Were transcripts returned to 

participants for comment 

and/or correction?  

Transcripts were available to all participants for 

comment and/or correction, however none were 

requested. 

Methods 

Domain 3: 

analysis and 

findings 

    

Data analysis  
    

24.  Number of data 

coders  

How many data coders coded 

the data?  

Data was initially coded line by line by one 

researcher (MB). Initial codes were iteratively 

refined in discussions with another researcher (AC), 

an expert in qualitative analysis. Codes were then 

assigned to the APEASE criteria framework and 

agreed upon after discussion with AC and the wider 

research team.  

Methods 

25.  Description of the 

coding tree  

Did authors provide a 

description of the coding 

tree?  

A coding tree is not provided.  n/a 

26.  Derivation of 

themes  

Were themes identified in 

advance or derived from the 

data?  

The APEASE criteria was applied to inductive codes 

(according to best practice of Behaviour Change 

Wheel). 

Methods 
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27.  Software  What software, if applicable, 

was used to manage the 

data?  

Nvivo 11.4.3 (QSR International Pty Ltd., 

Melbourne, Australia) was used to code transcripts. 

Online survey software (Qualtrics Inc., Seattle, WA, 

USA) was used to collect demographic information. 

A Tascam DR-05 dictaphone (TEAC Corporation, 

Montebello, CA, USA) was used to record all 

interviews. Express Scribe (NCH Software, Inc., 

Canberra, Australia) and an Infinity USB Foot pedal 

IN-USB-2 (AltoEdge Pty Ltd., Colorado, USA) was 

used to transcribe the interviews. 

Methods 

28.  Participant 

checking  

Did participants provide 

feedback on the findings?  

Feedback was not provided by participants on the 

findings. 

n/a 

Reporting  
    

29.  Quotations 

presented  

Were participant quotations 

presented to illustrate the 

themes / findings? Was each 

quotation identified? e.g. 

participant number  

Participant quotations were provided to illustrate the 

themes and each was identified by participant 

number and may also be accompanied by non-

identifiable descriptors (age, and non/manager, for 

example). 

Results 

30.  Data and findings 

consistent  

Was there consistency 

between the data presented 

and the findings?  

Data presented supports the findings. Results & 

Methods 

31.  Clarity of major 

themes  

Were major themes clearly 

presented in the findings?  

Major APEASE criteria are presented in the Results 

section under their own headings.  

Results   

32.  Clarity of minor 

themes  

Is there a description of 

diverse cases or discussion of 

minor themes?  

N/A n/a 
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Appendix 12. Informed consent for Study 3 

 

 

 

 

INFORMED CONSENT FORM 

Title of Project: Office workers’ perspectives of a multi-component sedentary workplace 
intervention: A qualitative analysis using the Theoretical Domains Framework and COM-B 
model 

Name of Researcher: Marsha Brierley 

Study Approval Number: 2018ISPAR014 

Participant Identification Number:  

Please 
initial 
box  

• I confirm that I have read the information sheet dated.................... for the 
above study. I have had the opportunity to consider the information, ask questions 
and have had these answered satisfactorily. 
 

• I understand that my participation is voluntary and that I am free to withdraw at any 
time 
without giving any reason, without my medical care or legal rights being affected.  

 

• I understand that the information collected about me will be used to support 
other research in the future and may be shared anonymously with other researchers. 
 

• I give permission for the research investigator (Marsha Brierley) to access and use my 
data anonymously from Samson Ojo’s intervention. 
 

• I agree to participate in an audio-recorded interview. 
 

• I understand that I may review the transcript from my interview should I wish to. 
 

SCHOOL OF SPORT SCIENCE AND PHYSICAL ACTIVITY 
 

Bedford Campus Polhill Avenue Bedford 
MK41 9EA 

 
Web: www.beds.ac.uk/departments/sport
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• I agree to be quoted directly in publications and/or conferences if my name is not 
published and a made-up name (pseudonym) is used. 

 

• I agree to participate only to the statements initialled above. 
 
_____________________________       _______________       ____________________ 
Name of Participant                                  Date                             Signature 
 
_____________________________        _______________      ___________________ 
Name of Person taking consent                Date                            Signature 
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Appendix 13. Information sheet for Study 3 

 

 

 

 

PARTICIPANT INFORMATION SHEET 
 
Study title: Office workers’ perspectives of a multi-component sedentary workplace 
intervention: A qualitative analysis using the Theoretical Domains Framework and COM-B 
model (2018ISPAR014) 
 

Dear Participant, 
 

You are being invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more information. Take time to decide 
whether you wish to take part. Thank you for reading this. 
 

What is the aim of the project? 
The purpose of this research project is to assess employee perceptions of a sedentary 
workplace intervention. Specifically, this study will look at perceived barriers and facilitators 
of reducing prolonged sitting at work, intervention resources, and perceived impacts. The 
study consists of semi-structured interviews conducted in person, via Skype or over the 
phone lasting approximately 25-50 minutes. This research project is being undertaken in 
partial fulfilment of a PhD degree. 
 

What type of participant is needed? 
To be eligible for this study, you must either have been a participant in Samson Ojo’s study, 
or have never participated in a workplace sedentary intervention and: 

• Are 18+ years old, 

• Work ≥ 0.6 FTE hours 

• Work from a non-adjustable desk  

• Sit most of the day at work 

• Are able to stand and walk 

• Are not pregnant 
 

SCHOOL OF SPORT SCIENCE AND PHYSICAL ACTIVITY 
 

Bedford Campus Polhill Avenue Bedford 
MK41 9EA 

 
Web: www.beds.ac.uk/departments/sport
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What will participants be asked to do? 
It is important to note that you are free to not take part or stop taking part in this study 
at any time you wish; however, you may not re-enter the study after leaving. You will first 
be required to meet the inclusion criteria listed above.  
 
Following this, you will be sent an email to set up a date for interview. The email will also 
include a.) written material about the study, including informed consent and this 
information sheet and b.) a link to an online demographic questionnaire. You will be asked 
to read and complete these prior to interview.  
 
Interviews will take place by prior arrangement at your work place, by phone, Skype, or 
at the University of Bedfordshire (Bedford or Luton Campus).  

• the interview will be recorded and a transcript will be produced 
• you may choose to be sent the transcript and given the opportunity to correct any 

factual errors 
• the transcript of the interview will be analysed by (Marsha Brierley) as research 

investigator 
• access to the interview transcript will be limited to Marsha Brierley and academic 

colleagues and researchers with whom she might collaborate as part of the 
research process 

• any summary interview content, or direct quotations from the interview, that are 
made available through academic publication or other academic outlets will be 
anonymised so that you cannot be identified, and care will be taken to ensure that 
other information in the interview that could identify yourself is not revealed 

• the actual voice recording will be securely destroyed after transcription 
• any personal data will be kept for up to 5 years after publication 
• any variation of the conditions above will only occur with your further explicit 

approval 
• if applicable, the research investigator (Marsha Brierley) may access and use your 

data obtained from Samson Ojo’s intervention (#IHREC836), and care will be taken 
to ensure that the data is anonymised. 

 
What are the possible risks of taking part in the study? 
This research project involves a conversation about your recent experience of a sedentary 
workplace intervention (if you were in Samson Ojo’s study) OR your perceptions of what an 
intervention would be like (if you have never participated in an intervention before). There 
will be questions about perceived barriers and facilitators of reducing sitting at work, use of 
intervention resources and perceived impacts.  
 
There is no immediate physical risk to your health. Some individuals may worry about 
repercussions from their employer for sharing their views. We have procedures in place to 
protect your anonymity and ensure confidentiality. Any directly quoted material will be 
labelled with a pseudonym that cannot be connected to you. See the section below titled 
‘What will happen to the data and information collected?’ for more information on this. 
You have the right to withdraw from the study at any time. 
 
If you were a participant in Samson Ojo’s sedentary workplace intervention, we will ask you 
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for your consent for us to access and use data from that study. Care will be taken to ensure 
that the data is anonymised. 
 
We will collect demographic information about you as this will help us better 
understand who is impacted by sedentary workplace interventions and how. Care will 
be taken to ensure that demographic data is anonymised. 
 
What if you decide you want to withdraw from the project? 
It is up to you to decide whether to take part. If you do decide to take part, you will be given 
this information sheet to keep and be asked to sign a consent form; you are still free to 
withdraw at any time and without giving a reason. A decision to withdraw at any time, or a 
decision not to take part, will not affect the standard of care you receive. 

 
What will happen to the data and information collected? 
Any electronic information and results collected will be a.) made into password-protected 
documents, and b.) stored securely on Marsha Brierley’s password-protected laptop or on 
password-protected computers at the University of Bedfordshire.  
 
Any physical documents will be stored securely in a locked filing cabinet in an ID card-
protected office (D1.03) or the Sports Science Laboratories at the University of Bedfordshire, 
Polhill Campus, Bedford. Data will only be accessible to related University staff. Transcripts 
and all data will be kept for up to 5 years after publication. 
 
Results of this project will be published in a PhD thesis and may be disseminated externally 
(in a scientific journal or conference proceeding), but any data included (including direct 
quotes) will in no way be linked to any specific participant. Any information about you will 
have your name and any other identifying material removed so that you cannot be recognised 
from it.  
 
What will happen to the results of the research study? 
The results of the study will be available upon completion of the analyses. You may obtain a 
copy of the published results by contacting Marsha Brierley 
(marsha.brierley@study.beds.ac.uk). 
 
What if I have any questions? 
Questions are always welcome, and you are free to ask me, the research student (Marsha 
Brierley), or the supervisory team (Dr. Lindsey Smith, Dr. Daniel Bailey or Dr. Angel Chater) 
any questions at any time. See below for specific contact details. 
 
 
Many Thanks, 
 
Marsha Brierley 
Email: marsha.brierley@study.beds.ac.uk  
 
Additional contacts for further information 
 

mailto:marsha.brierley@study.beds.ac.uk
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Supervisory team: 
Dr. Lindsey Smith 
Email: Lindsey.Smith@beds.ac.uk 
Dr. Daniel Bailey 
Email: daniel.bailey@beds.ac.uk  
Dr. Angel Chater 
Email: angel.chater@beds.ac.uk 
 
 
 

Thank you for taking your time to read this information sheet. 
 

Please keep this form for your records 
 
 
 

  

mailto:Lindsey.Smith@beds.ac.uk
mailto:daniel.bailey@beds.ac.uk
mailto:angel.chater@beds.ac.uk
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Appendix 14. Recruitment flyer for Study 3 
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Appendix 15. Ethics approval documents for Study 3 

 

 
 
 
 

 

 

07/08/18 
 

ISPAR Ethical Approval Confirmation 
 
 
Proposer: Marsha Brierley 

Proposal title:   Office workers’ perspectives of a multi-component sedentary workplace intervention: 

A qualitative analysis using the Theoretical Domains Framework and COM-B model 

Dear Proposer 

Your research proposal has now received ethical approval from the Institute for Sport and Physical 
Activity Research (ISPAR) Ethics Panel and you are now able to proceed with the data collection 
for the project.  
 

Approval number: 2018ISPAR014 
 
 

Please note that if it becomes necessary to make any substantive change to the research design, 
the sampling approach or the data collection methods a further application will be required.  
 

Please be advised that your research project may be subject to an ethical audit at any given time. 
If you require any further information please contact the ISPAR Ethics Chair, Dr Laura 
Charalambous. 

 

Kind Regards 

 
 

 
 

 
Dr Laura Charalambous (ISPAR Ethics Chair) 



 406 

 

Appendix 16. Consolidated criteria for reporting qualitative research (COREQ) (Electronic Supplementary Material 1) 

No  Item  Guide questions/description  Response Where in 

document 

Domain 1: 

Research 

team and 

reflexivity  

    

Personal 

Characteristics

  

    

1.  Interviewer/ 

facilitator  

Which author/s conducted the 

interview or focus group?  

MB Methods 

2.  Credentials  What were the researcher's 

credentials? E.g. PhD, MD  

The research team consisted of the lead researcher 

(MB), who holds an MSc and is a PhD candidate, a 

health psychologist (AC) experienced in qualitative 

methods and behaviour change theory, and two 

undergraduate sport science students (Sofie Every and 

Taylor Staines), both experienced with mixed methods 

research, who assisted with transcription. The 

remaining research team who helped guide discussions 

around extracted themes include a physiologist and 

intervention specialist (DB) and a sport pedagogy 

expert (LS). Emails were sent by a researcher not 

involved in this study (JY) to all participants who had 

recently taken part in a linked health and fitness 

assessment study.  

Author list, 

Methods 

3.  Occupation  What was their occupation at 

the time of the study?  

Student Methods 
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4.  Gender  Was the researcher male or 

female?  

Female Methods 

5.  Experience and 

training  

What experience or training 

did the researcher have?  

PhD trained in qualitative methods Methods 

Relationship 

with 

participants  

    

6.  Relationship 

established  

Was a relationship established 

prior to study 

commencement?  

No relationship prior to the study Methods 

7.  Participant 

knowledge of the 

interviewer  

What did the participants know 

about the researcher? e.g. 

personal goals, reasons for 

doing the research  

It had been disclosed that the researcher was designing 

an intervention for the Force. 

Methods 

8.  Interviewer 

characteristics  

What characteristics were 

reported about the 

interviewer/facilitator? 

e.g. Bias, assumptions, reasons 

and interests in the research 

topic  

Researcher is designing an intervention for the Force 

and is aware of health risks of too much sitting. 

Methods 

Domain 2: 

study design  

    

Theoretical 

framework  

    

9.  Methodological 

orientation and 

Theory  

What methodological 

orientation was stated to 

underpin the study? e.g. 

grounded theory, discourse 

analysis, ethnography, 

phenomenology, content 

analysis  

Thematic analysis was undertaken and themes matched 

to the BCW 

Methods 
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Participant 

selection  

    

10.  Sampling  How were participants 

selected? e.g. purposive, 

convenience, consecutive, 

snowball  

This was a convenience sample of individuals who had 

recently taken part in an unrelated study on health 

measures, apart from one individual who was recruited 

via their line manager (P18). 

Methods 

11.  Method of 

approach  

How were participants 

approached? e.g. face-to-face, 

telephone, mail, email  

Participants were approached via email. Methods 

12.  Sample size  How many participants were in 

the study?  

10 (for non-operational, desk-based workers) Methods, 

Results 

13.  Non-participation  How many people refused to 

participate or dropped out? 

Reasons?  

Three individuals completed the online demographic 

survey but withdrew afterwards. Two declined 

participation due to heavy work commitments, and one 

cited issues in gaining approval for an interview during 

work hours. 

Results 

Setting  
    

14.  Setting of data 

collection  

Where was the data collected? 

e.g. home, clinic, workplace  

Seven interviews were conducted face to face in the 

workplace, and three were conducted over the phone. 

All interviews were conducted during working hours. 

Methods 

15.  Presence of non-

participants  

Was anyone else present 

besides the participants and 

researchers?  

Eight of the ten interviews were conducted while 

others were present. This varied from being seated in 

an isolated booth in the busy canteen (n=5), to a phone 

interview in an open plan office (n=1), to the 

workplace gym where someone came in to use the 

equipment towards the end of the interview (n=1), and 

one interview which was held in a glass office within a 

larger office where the interview could be seen but not 

heard (n=1). 

Methods 

16.  Description of 

sample  

What are the important 

characteristics of the 

Demographic data presented in a table. Information 

described includes: job role, manager/non-manager, 

time in service, hours worked per week, workday 

Methods, 

Results 
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sample? e.g. demographic 

data, date  

hours spent sitting, age, gender, education, marital 

status, physical activity level, medical conditions, 

perceived health, smoking status, alcohol consumption. 

Data 

collection  

    

17.  Interview guide  Were questions, prompts, 

guides provided by the 

authors? Was it pilot tested?  

An interview schedule is provided as a appendix. The 

questions were piloted and refined prior to use. 

ESM 2 

18.  Repeat interviews  Were repeat interviews carried 

out? If yes, how many?  

No repeat interviews. n/a 

19.  Audio/visual 

recording  

Did the research use audio or 

visual recording to collect the 

data?  

Audio recording only. Methods  

20.  Field notes  Were field notes made during 

and/or after the interview or 

focus group?  

Field notes were taken during the interviews with 

additional reflection recorded immediately afterwards. 

Methods 

21.  Duration  What was the duration of the 

interviews or focus group?  

Interviews lasted an average of 45:33 minutes 

(SD=11:08). 

Methods 

22.  Data saturation  Was data saturation 

discussed?  

Data saturation was discussed in depth using a three-

point assessment based on Fusch & Ness (2015). 

Methods 

23.  Transcripts 

returned  

Were transcripts returned to 

participants for comment 

and/or correction?  

Transcripts were available to all participants for 

comment and/or correction, however none were 

requested. 

Methods 

Domain 3: 

analysis and 

findings 

    

Data analysis  
    

24.  Number of data 

coders  

How many data coders coded 

the data?  

Data was initially coded by one researcher (MB). 

Themes were iteratively refined in discussions with 

another researcher (AC), an expert in qualitative 

analysis. 10% of transcripts (n=1) were coded blind 

Methods 
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(by AC) using a final themes codebook. Inter-rater 

reliability was good (reported %). 

25.  Description of the 

coding tree  

Did authors provide a 

description of the coding tree?  

A description of the coding tree is described in a 

table/figure. 

Figure 1 

26.  Derivation of 

themes  

Were themes identified in 

advance or derived from the 

data?  

Themes were derived from the data and later mapped 

to the Behaviour Change Wheel and Theoretical 

Domains Framework.  

Methods 

27.  Software  What software, if applicable, 

was used to manage the data?  

Nvivo 11.4.3 (QSR International Pty Ltd., Melbourne, 

Australia) was used to code transcripts. Online survey 

software (Qualtrics Inc., Seattle, WA, USA) was used 

to collect demographic information. A Tascam DR-05 

dictaphone (TEAC Corporation, Montebello, CA, 

USA) was used to record all interviews. Express 

Scribe (NCH Software, Inc., Canberra, Australia) and 

an Infinity USB Foot pedal IN-USB-2 (AltoEdge Pty 

Ltd., Colorado, USA) was used to transcribe the 

interviews. 

Methods 

28.  Participant 

checking  

Did participants provide 

feedback on the findings?  

Feedback was not provided by participants on the 

findings. 

Methods 

Reporting  
    

29.  Quotations 

presented  

Were participant quotations 

presented to illustrate the 

themes / findings? Was each 

quotation identified? e.g. 

participant number  

Participant quotations were provided to illustrate the 

themes and each was identified by participant number 

and non-identifiable descriptors (age, and 

non/manager, for example). 

Results and 

ESM3 

30.  Data and findings 

consistent  

Was there consistency between 

the data presented and the 

findings?  

Data presented supports the findings. Inter-rater 

agreement was calculated for 20% of transcripts. 

Methods, 

ESM3 

31.  Clarity of major 

themes  

Were major themes clearly 

presented in the findings?  

Major themes presented in table. Results 
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32.  Clarity of minor 

themes  

Is there a description of diverse 

cases or discussion of minor 

themes?  

Description of minor themes is presented alongside 

major themes in a table. Also, the discussion section 

addresses pertinent minor themes that relate in 

particular to this cohort of police staff. One case 

diverted from the others in that the participant was less 

concerned about reducing prolonged sitting time at 

work and more about provision of physical activity 

offerings. 

Results, 

Discussion 
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Appendix 17. Interview schedule (Electronic Supplementary Material 2) 

Electronic supplementary file 2. Schedule of questions for semi-structured interviews with 

police staff on barriers and facilitators to reducing sedentary time at work 

 

Topic Questions 

Welcome script Thanks for your time in agreeing to speak with me today. I am 
interested in hearing your views on prolonged sitting at work. 
Your answers will help us to design a future workplace 
intervention.  
 
The interview will be recorded, and will take about 25 minutes 
to an hour. I may use quotes from our conversation but they 
will be kept anonymous and I will provide only a pseudonym as 
a descriptor. I was hoping to take a few notes as we go along – 
is that ok? 
 
Please know that you are free to stop at any time should you 
wish to discontinue the interview. I hope you will find it 
interesting. Are you happy for us to proceed? 

Introductory questions:  
Job Role & background 

Tell me about your job role and day-to-day tasks.  
Prompt: Describe the layout of the office and your desk within it. 
 
 

Introductory questions: 
Sedentary time 

How many hours a day do you spend seated? 
 

When you are seated, how often is it for longer than 20 minutes 
at a time?  
Prompt: Never, Some of the time, Most of the time, Always? 
 

When you do get up from sitting, how long do you spend away 
from your desk standing or moving? 
Prompt: Breaks? Non-break movements? 
 

Overall, how satisfied are you with the proportion of time you 
spend sitting, standing and moving at work? 
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What is the proportion of responsibility for your health?  
Prompt: Is it 50/50 individual vs employee…? 

Prior Knowledge What is your understanding of workplace sedentary behaviour? 
How would you describe this to others? What words would you 
use? (Grunseit et al., 2013) 
 

There are health benefits to being less sedentary (mental 
physical, and physiological), what do you think about that? 
Prompts: 
Energy levels 
Mood 
Fatigue/Sleepiness 
Alertness/concentration 
Energy expenditure 
Heart health 
Blood sugar regulation 
Fat metabolism 
Musculoskeletal health 

You may have heard about the health risks associated with too 
much sitting, what do you think about that? 
Prompt: what health risks have you heard about? 
Prompt: Have you always felt this way? 
Prompt: how has your perception changed over time? 
Prompt: what is significant about this to you? 
 

Barriers What are some of the major barriers for you to reduce sitting at 
work? 
(link to scenarios brought up from earlier questioning) 
Prompts:  
Time of day 
Meetings 
Workflow 
Task-specific 
Long hours 
Work Culture  
Habit 
Communications 
Collaboration 
Air conditioning 
Furniture/Layout 
 

Facilitators What would make it possible or easier to sit less or break up 
sitting time at work?  
Prompts:  
Environment 
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Individual 
Organisational  
Policy 
 

Prior Knowledge; 
Barriers & Facilitators: 
Strategies 

Tell me about any strategies you know of to reduce sitting time 
at work. 
Prompt: What are other people in the office doing? 
Prompt: What do other companies do? 
 
E.g.: 
Standing meetings 
Talk in person rather than email 
Central bins/printers 
Breakroom use/water cooler 
Use toilets further away 
Office exercises 
Incentives/challenges/contests 

Which of these strategies would be feasible in your workplace? 
 

What would make these changes sustainable in the long term? 
 

What might get in the way? 
 

Barriers & Facilitators: 
Workplace culture 

On a scale of 1-10, what level of priority does your work place 
on reducing sitting time? 
 
Prompt: why have you chosen a ___ and not a 1? 
Prompt: why have you chosen a ___ and not a 10? 
 

Overall, how satisfied are you with this level of priority? 

Productivity: 
Impacts of sitting less 

If you were able and supported to balance your sitting, standing 
and moving time at work, what impact (if any) would it have... 
on your productivity? 
 

… Job satisfaction?  
 

… Value as an employee? 
 

Barriers & Facilitators: 
Workplace culture 

If sitting less and standing/moving more were made the priority 
at work, what do you imagine that would look like? 
 
Prompt: Office energy? What are people doing? Meetings? 
Competitions? 
Prompt: How would you feel at first? 
Prompt: How long would it take you to adjust? 
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Impacts: Non-
occupational sitting 
time 

If work was less sedentary, what impact would there be on your 
current leisure time activities before/after work? 

Intervention 
experience: Monitoring 
 

How do you monitor your sitting, standing or moving time at 
the moment? 
At work, specifically? 
 

How would you feel about wearing a very accurate activity 
monitor for 7 days on your upper leg to measure your sitting, 
standing and moving at work? 
 

Any other thoughts about activity monitors? 

Closing questions: 
Anything else 

Is there anything else you would like to discuss? 

Debrief script I appreciate your time today in taking part this interview on 
sitting in the workplace. Once my study is complete the results 
will be available – you may email me for the details. Also, feel 
free to get in contact if you have any further questions. Thanks 
again for your time. 
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Appendix 18. Recruitment email invite 

Subject heading: Workplace health research study for police staff – volunteers needed 

 

Hello! 

 

My name is Marsha Brierley from the University of Bedfordshire, and I am writing to invite 

you to participate in a research project which aims to find a workable solution to reducing 

'too much sitting' at work to improve health. I will be running a 10-week intervention to 

break up and reduce excessive sitting specifically tailored for Bedfordshire police staff.  

 

If you’re interested watch this short video introduction (2min watch). 

 

Who are we looking for? 

We are looking to recruit full-time employees (≥0.6 FTE) who work at a seated desk for most 

of the day. You need to be able to stand and walk, and not be pregnant. 

 

The details: 

This is a 10-week intervention to break up and reduce prolonged sitting at work. Colleagues 

from the same office/floor will participate together in small teams that will be randomly 

assigned to the intervention or ‘usual routine’ control group.  

 

We will need to collect the following data from you both before and after the intervention: 

 

• Activity monitoring (like a FitBit) 

• Health check (including a fingerpick blood sample) 

• Saliva samples (to measure stress) 

• Balance testing 

• Questionnaires (on work, life stress, physical health and wellbeing) 

 

What do I get in return? 

• Chance to improve your health and wellbeing 

• Be part of an ‘active office’ 

• Access to tools to help you make lasting changes 

• Personalised health report 

• Help make a change to normal work practice for police staff to promote health  

 

Yes I’m interested!  

Great! Please provide your contact details on this online form (takes <1min) and I will be in 

touch >> https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n 

  

Not sure… 

For the complete study details where you can read the full participant information sheet 

before deciding visit >> 

https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n or see the 

attached leaflet. 

  

https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
https://youtu.be/rS3LhPG9gNY
https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
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For more information about this research you can contact me at 

marsha.brierley@study.beds.ac.uk or by phone: [removed] 

 

Thanks for your time and help! 

 

Kind regards, 

 

Marsha Brierley 

marsha.brierley@study.beds.ac.uk 

 

Supervisor 

Dr Daniel Bailey 

Daniel.bailey@beds.ac.uk 

 

Ps. Do you have colleagues that might be interested in taking part in this research? Spread the 

word by forwarding this email. Thanks again! 

 

 

 

 

mailto:marsha.brierley@study.beds.ac.uk
mailto:marsha.brierley@study.beds.ac.uk
mailto:Lindsey.smith@beds.ac.uk
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Appendix 19. Template for Intervention Description and Replication (TIDIER) for the A-

REST study 

 

A-REST Study: Activity to Reduce Excessive 

Sitting Time 

Why: The primary aim of this study is to assess the feasibility of an 

intervention to reduce and break up prolonged sitting time in fulltime 

police sta!. The secondary aims of this study are to assess preliminary 

e!ects on patterns of sedentary behaviour (number of breaks, number of 

prolonged sitting bouts, average duration of prolonged sitting bouts, and 

total prolonged sitting duration), additional measures of sedentary 

behaviour (total sitting time, standing, and stepping), cardiometabolic 

risk markers, physiological stress (cortisol levels), physical health (self-

report and postural stability), psychological wellbeing and mood, work 

stress (self-reported), and work performance (job satisfaction and 

productivity). The development of the current intervention follows the 

steps outlined by the Behaviour Change Wheel (Michie, van Stralen, & 

West, 2011).  

What (material): BEHAVIOUR CHANGE BOOKLET - A behaviour change booklet 

was developed and adapted from the Active Herts project (Howlett, 

Jones, Bain, & Chater, 2017) and provides information on health 

consequences, goal setting, implementation intentions and additional 

behaviour change techniques related to breaking up and reducing sitting 

time (booklet provided in the Appendices of the protocol document). 

Intervention group participants will receive a physical copy of the 

booklet. 

 

QR CODES - QR codes will be laminated, approximately 3"x 3", and 

printed in black and white (example provided in the Appendices of the 

protocol document). These will be adhered to the wall at chest height at 

various locations in the building near intervention clusters. Codes will 

be located such that they facilitate a three-minute break (including the 

time to scan and log the break). Once locations have been decided 

jointly by participants and the researchers, an electronic map (pdf) will 

be emailed to participants by health champions to designate where these 

codes are located. 

RISE & RECHARGE® APP - The Rise & Recharge® app (Baker 

Institute, Melbourne, Australia) monitors, records and rewards 

performance of the behaviour (taking breaks) with virtual ‘badges’ 

(stars). Participants will earn one star for every eight breaks performed. 
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Breaks are automatically logged via the smartphone’s accelerometer. 

Activity and star count are visually presented in realtime. The app also 

provides information on health consequences and other behaviour 

change techniques (BCTs) which are identified in the protocol 

document in a BCT table. 

 

EMAILS - Weekly email correspondence sent from the health 

champions will include the weekly leaderboard standings for teams and 

a personalised support message (Dunstan et al., 2013). The emails will 

also let the participants know what the timeline is of the intervention. 

An email template is provided in the Appendices of the protocol 

document. 

What (procedures): The intervention group will aim to regularly break up their prolonged 

sitting time with three-minute incidental movement breaks every half 

hour at work. The intervention will support this behavioural change 

with a short educational lecture, a brainstorming workshop, a behaviour 

change booklet, computer break prompts, QR codes to log breaks, use 

of the Rise & Recharge® app for self-monitoring and individual 

feedback on behaviour, team competition, health champions, and 

weekly email communication. 

 

SHORT LECTURE - A short lecture (15 minutes) will be delivered in 

person (by Marsha Brierley) to intervention participants after baseline 

measurements have been taken. The researcher will deliver the lecture 

to provide information on health consequences and to allow for 

questions. It may be necessary to accommodate shift patterns with a 

second lecture.  

 

WORKSHOP - The workshop (30 minutes) will take place directly after 

the lecture and consist of instruction on how to perform the behaviour, 

demonstration of the behaviour, setting common (team) goals, and 

completion of the behaviour change booklet (see item 3 for details). It 

should be noted that the intervention may vary slightly depending on 

goals set by participants during the workshop session. These changes 

are not anticipated to significantly alter the intervention but consist of 

changes like the exact positioning of QR codes (locations to be decided 

on jointly by participants and the researchers), the point value of codes, 

and whether to incorporate breaks during meeting times. Health 

champions will stay on (15 minutes) to receive additional training (see 

'HEALTH CHAMPIONS' below for details). 

 

BEHAVIOUR CHANGE BOOKLET - See 'WORKSHOP', above. 

COMPUTER PROMPTS - Participants will set electronic prompts to 

remind them to take their breaks. Prompts will ideally be set to every 30 

minutes but may vary according to individual and team goals set during 

the workshop. 

 

QR CODES - To record and monitor breaking up prolonged sitting time 

QR codes will be placed in various locations in the building (locations 
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decided on jointly by participants and the researchers during the 

workshop). On each break, participants will scan a code using their 

smartphone and enter their participant number to log their break. Codes 

will be located such that they facilitate a three-minute break (including 

the time to scan and log the break). Once locations have been decided 

jointly by participants and the researchers, an electronic map (pdf) will 

be emailed to participants by health champions to designate where these 

codes are located. 

 

RISE & RECHARGE® APP - On an individual level, participants will 

use the Rise & Recharge® app (Baker Institute, Melbourne, Australia) 

to encourage habit reversal and behaviour substitution by rewarding 

performance of the behaviour (taking breaks) with virtual ‘badges’ 

(stars). Participants will earn one star for every eight breaks performed. 

Breaks are automatically logged via the smartphone’s accelerometer. 

Activity and star count feedback on behaviour are visually presented in 

real-time. 

 

HEALTH CHAMPIONS - A person will volunteer from each cluster to 

serve as a point of contact for questions from team members, to send 

out weekly emails (see 'EMAILS' in item 3), and act as a role model for 

the target behaviour (Dunstan et al., 2013; O’Connell et al., 2015). 

Health champions will receive additional training during the workshop 

(15 minutes) with regards to setting up computer prompts, setting up 

their team email contact list, and personalising the weekly emails (see 

'EMAILS' in item 3). NOTE: The intervention was modified to not have 

health champions, but instead, utilise the research liaison for email 

personalisation during the intervention (fidelity).   

 

TEAM COMPETITION - Team competition will take place to reward 

participation. Each QR code will be worth points and the winning team 

will be determined by total points earned every week. All participants 

will be informed of their team’s performance via a weekly leaderboard 

(see 'EMAILS' in item 3). 

 

EMAILS - Weekly email correspondence sent from the health 

champions will include the weekly leaderboard standings for teams and 

a personalised support message (Dunstan et al., 2013). The emails will 

also let the participants know what the timeline is of the intervention. 

Health champions will be reminded via email or text message (sent by 

Marsha Brierley) to send their email to their cluster every week. 

Researchers will be copied in on the emails to monitor fidelity. 

 



 421 

Who provided: The intervention elements of lecture, workshop, email 

reminders to health champions, will be delivered by 

Marsha Brierley (MB), a PhD candidate with experience 

in sedentary behaviour change. Pre/post assessments will 

be undertaken by the laboratory-trained research team 

(students and staff in the Institute for Sport and Physical 

Activity Research, School of Sport Science and Physical 

Activity). Health champions will be given their training 

by MB (see 'HEALTH CHAMPIONS' in item 4 for more 

details). 

 

How (mode of 

delivery; 

individual or 

group): 

The 3-minute breaks will be taken individually by 

participants. They may be encouraged to take breaks 

together via their respective health champion. 

SHORT LECTURE - Face-to-face delivery to group. 

WORKSHOP - Face-to-face delivery to group. 

BEHAVIOUR CHANGE BOOKLET - Physical copy. Individual 

delivery (participants receive and complete their own booklet) in a 

group setting (where booklet elements are discussed). 

 

COMPUTER PROMPTS - Electronic delivery via individual 

computers. 

 

QR CODES - Physical laminated paper. Individual delivery. 

 

RISE & RECHARGE® APP - Electronic delivery via a smartphone 

application to individuals. 

 

HEALTH CHAMPIONS - N/A. 

 

TEAM COMPETITION - Results delivered via group email (see 

'EMAILS' below). 

 

EMAILS - Electronic group delivery. 

 

Where: The intervention will take place at the offices of 

Bedfordshire Police Force. To prevent cross-

contamination, intervention and control clusters will be 

located in different teams and physically separated by 

walls, floors or buildings (Danquah et al., 2016). Office 

types of participants (e.g., open plan) will be recorded in 

the demographic survey and presented in the results. 
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When and how 

much: 

The schedule of events is as follows: 

The intervention will be 10-weeks long. Before the first 

week of the intervention begins, there will be a short 

lecture (15 minutes) followed by a workshop (30 minutes) 

followed by health champion training (15 minutes). 

During weeks 1-10, participants will receive computer 

prompts every 30 minutes while at work. Participants will 

be asked to take a 3-minute break every half hour when 

prompted and scan a QR code. Participants may access 

behavioural feedback and reward (stars earned) in the 

Rise & Recharge® app at will during the intervention. On 

the first day of every week of the intervention (e.g., 

Monday), participants will receive an email with 

leaderboard standings and a management support message 

(10 emails in total). 

 

Tailoring: This intervention is designed to be flexible and support 

individual pathways to behaviour change. In other words, 

all participants will be provided the same materials, the 

same support, but how they choose to engage with these 

is up to them. For example, some participants may choose 

to ignore the computer prompts because they prefer to 

remember to take a break without a prompt. These kinds 

of adaptations are anticipated and will be assessed in an 

exit interview. 

 

How well (planned): 

Fidelity is important to consider in complex interventions in order to 

strengthen interpretation of the results. Bellg et al. (2004) identified five 

theoretical elements to intervention fidelity: study design, training of the 

provider(s), delivery by the provider, receipt of the intervention, and 

enactment of the behaviour. This framework not only complements 

feasibility reporting but will also be useful for interpretation of the 

preliminary effects of the study [sedentary behaviour, cardiometabolic 

risk markers, physiological stress (cortisol levels), physical health (self-

report and postural stability), psychological wellbeing and mood, work 

stress (self-reported), and work performance (job satisfaction and job 

performance)]. A breakdown of how fidelity will be assessed is 

provided in the protocol document in the section titled 'FIDELITY'. 
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Appendix 20. Behaviour change booklet 
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Appendix 21. Workshop handout on electronic prompts 

 

Break tracker – Please download 
 

Rise & Recharge 

 
Details: Monitors your progress and gives 

you feedback on your breaks (via stars 

earned) 

Time: Fast 

Ease: Easy 

 

Break timers – Select one 

 
iPhone 

 

Stand Up! The Work Break Timer 

 
Details: Customise break times. Set it to 

only notify you during work hours and 

even only when you’re at work. 

Time: Fast  

Ease: Easy to use and set up 

 

1 Minute Desk Workout 

 
Details: Customise break times with office 

exercises. 

Time: Pretty quick  

Ease: Easy to use and set up 

 

Standland 

 
Details: Tamogotchi-meets-app. Earn cute 

creatures for standing every hour.  

Time: Fast  

Ease: Easy to use and set up 

Android 

 

Sitting timer 

 
Details: Place in your front pocket and it 

will sense when you have sat for too long. 

Can be used manually if you don’t have a 

pocket (not recommended though).  

Time: Fast  

Ease: Easy to use and set up 

 

Stand up tracker reminder 

 
Details: Customise break times. 

Time: Fast  

Ease: Easy to use and set up 

 

Rest reminder 

 
Details: Customise break times. 

Time: Fast  

Ease: Easy to use and set up 

 

Browser-based break timer – Optional 

 

Tomato-Timer 

 
Details: A website with a customisable 

break timer. Use with or without 

notifications. The timer countdown stays 

visible in the browser tab at the top of the 

screen so you know how much time is 



 433 

remaining until your next break. 

https://tomato-timer.com 

Time: Fast 

Ease: Easy 

Calendar-based break timer – Optional 

 

Outlook/Google/other 

 
Details: Configure your own ‘timer’ by 

creating a recurring appointment in your 

calendar. 

Time: Time consuming but potentially 

worth it if you are on your calendar all the 

time  

Ease: Hard 

 

SmartWatches - Optional 

 

Fitbit 

 
Details: Depending on year/model, may 

come with a built-in or 433ustomizable 

reminder to regularly move every hour. 

Time: Pretty quick 

Ease: Easy 

 

Apple Watch 

 
Details: Depending on year/model, may 

come with a built-in reminder to stand and 

move for at least 1-minute during twelve 

different hours in the day. 

Time: Fast 

Ease: Easy 

 

 

 

 

 

 

Garmin 

 
Details: Depending on year/model, may 

come with a built-in Move! Alert when it 

senses you have not moved for one hour. 

Time: Pretty quick 

Ease: Easy 

 

Other potential break reminder apps: 
 

iTunes 

Stand up! The Work Break Timer® 

Sitting® 

OfficeHealth® 

Move Your App® 

Healthful® 

Get Moving® 

Stand Up Tracker® 

Standland® 

Healthy Break® 

 

Google Play 

Sitting Timer® 

MoveUp! ® 

Move-Up® 

Movn Activity® 

Twenty: Stand Up® 

Stand up® 

Stand up® 

Take a Stand® 

Stand up ® 

Stand App®b 

Move it! ® 

Actifit® 

Sedentary work® 

Activatr® 

Fitness IQ® 

StandUp® 

Office exercise® 

ActiMate® 

Up by Jawbone® 

Movnowplus® 

Office wellness® 

PING® 

Bally total fitness® 

Help the couch potato® 

Work and stand up® 

 

 

https://tomato-timer.com/
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Appendix 22. Quick response (QR) code and web form example 
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Appendix 23. Email template for the A-REST study 

 
 

Institute for Sport and Physical Activity Research 
Polhill Avenue 

Bedford 
MK41 9EA 

 

 

A-REST: Activity to Reduce Excessive Sitting 

 

 

 

Dear Team,  

 

This is week [X] of the study.  

 

Here is the weekly leaderboard! 

 

Team leaderboard: 

15.5pts– Team 1 

14pts– Team 2 

13pts – Team 3 

 

 

[Management approval message example – to be personalised] 

During my walk through the office this morning I have noticed that many of you have 

been taking your breaks. Great effort team! 

 

Other personalisation suggestions:  

− restating team goals 

− ergonomic tips 

− sustainability messages (e.g., these changes are not just for the study) 

− state approval for participation 

− thanks for participating 

− invitations to go to lunch/walk/break 

− check in with others 

 

Keep up the good work! 

 

[Signature] 
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Appendix 24. Ethics approval documents for Study 4 

 

 

 
 
 
 

 

 

15/07/19 
 

ISPAR Ethical Approval Confirmation 
 
 
Proposer: Marsha Brierley 

Proposal title:  A cluster randomised controlled feasibility trial to reduce prolonged sitting in police 

staff  

Dear Proposer 

Your research proposal has now received ethical approval from the Institute for Sport and Physical 
Activity Research (ISPAR) Ethics Panel and you are now able to proceed with the data collection 
for this project.  
 

Approval number: 2019ISPAR008 
 
 

Please note that if it becomes necessary to make any substantive change to the research design, 
the sampling approach or the data collection methods a further application will be required.  
 

Please be advised that your research project may be subject to an ethical audit at any given time. 
If you require any further information please contact the ISPAR Ethics Chair, Dr Laura 
Charalambous. 

 

Kind Regards 

 
 

 
 

 
Dr Laura Charalambous (ISPAR Ethics Chair) 
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Appendix 25. Recruitment flyer for Study 4 
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Appendix 26. Consolidation Standards of Reporting Trials (CONSORT) extension to randomised pilot and feasibility trials for the A-REST 

study 

CONSORT 2010 checklist of information to include when reporting a pilot or feasibility 
trial* 
 

Section/ Topic 
Item 
No Checklist item Reported on page No 

Title and abstract 

 1a Identification as a pilot or feasibility randomised trial in the title TITLE 

1b Structured summary of pilot trial design, methods, results, and 
conclusions (for specific guidance see CONSORT abstract 
extension for pilot trials) 

ABSTRACT 

Introduction 

Background and 
objectives 

2a Scientific background and explanation of rationale for future 
definitive trial, and reasons for randomised pilot trial 

INTRODUCTION 

2b Specific objectives or research questions for pilot trial INTRODUCTION 

Methods 

Trial design 3a Description of pilot trial design (such as parallel, factorial) including 
allocation ratio 

DESIGN & FIGURE 1 

3b Important changes to methods after pilot trial commencement 
(such as eligibility criteria), with reasons 

RESULTS 

Participants 4a Eligibility criteria for participants ELIGIBILITY CRITERIA 

4b Settings and locations where the data were collected STUDY SETTING 

 4c How participants were identified and consented RECRUITMENT, RESULTS 
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Interventions 5 The interventions for each group with sufficient details to allow 
replication, including how and when they were actually 
administered 

INTERVENTION, FIGURE 5 
(CONSORT DIAGRAM), & TIDIER 
(APPENDIX) 

Outcomes 6a Completely defined prespecified assessments or measurements to 
address each pilot trial objective specified in 2b, including how and 
when they were assessed 

OUTCOMES 

6b Any changes to pilot trial assessments or measurements after the 
pilot trial commenced, with reasons 

N/A 

 6c If applicable, prespecified criteria used to judge whether, or how, 
to proceed with future definitive trial 

N/A 

Sample size 7a Rationale for numbers in the pilot trial RECRUITMENT 

7b When applicable, explanation of any interim analyses and 
stopping guidelines 

N/A 

Randomisation:    

Sequence  
generation 

8a Method used to generate the random allocation sequence N/A 

8b Type of randomisation(s); details of any restriction (such as 
blocking and block size) 

N/A 

Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence 
(such as sequentially numbered containers), describing any steps 
taken to conceal the sequence until interventions were assigned 

N/A 

Implementation 10 Who generated the random allocation sequence, who enrolled 
participants, and who assigned participants to interventions 

N/A 

Blinding 11a If done, who was blinded after assignment to interventions (for 
example, participants, care providers, those assessing outcomes) 
and how 

N/A 

11b If relevant, description of the similarity of interventions N/A 

Statistical 
methods 

12 Methods used to address each pilot trial objective whether 
qualitative or quantitative 

ANALYSES 

Results 

Participant flow 
(a diagram is 

13a For each group, the numbers of participants who were approached 
and/or assessed for eligibility, randomly assigned, received 
intended treatment, and were assessed for each objective 

PARTICIPANT CHARACTERISTICS 
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strongly 
recommended) 

13b For each group, losses and exclusions after randomisation, 
together with reasons 

Figure 5 (CONSORT DIAGRAM) 

Recruitment 14a Dates defining the periods of recruitment and follow-up FIGURE 4 (RECRUITMENT 
FLOWCHART) 

14b Why the pilot trial ended or was stopped N/A 

Baseline data 15 A table showing baseline demographic and clinical characteristics 
for each group 

TABLES 4 & 5 

Numbers 
analysed 

16 For each objective, number of participants (denominator) included 
in each analysis. If relevant, these numbers should be by 
randomised group 

TABLES 6 & 7 

Outcomes and 
estimation 

17 For each objective, results including expressions of uncertainty 
(such as 95% confidence interval) for any 
estimates. If relevant, these results should be by randomised 
group 

TABLES 4,5,6 & 7 

Ancillary 
analyses 

18 Results of any other analyses performed that could be used to 
inform the future definitive trial 

SECONDARY OUTCOMES 

Harms 19 All important harms or unintended effects in each group (for specific 

guidance see CONSORT for harms) 
PRIMARY OUTCOMES 

 19a If relevant, other important unintended consequences N/A 

Discussion 

Limitations 20 Pilot trial limitations, addressing sources of potential bias and 
remaining uncertainty about feasibility 

LIMITATIONS 

Generalisability 21 Generalisability (applicability) of pilot trial methods and findings to 
future definitive trial and other studies 

DISCUSSION 

Interpretation 22 Interpretation consistent with pilot trial objectives and findings, 
balancing potential benefits and harms, and 
considering other relevant evidence 

DISCUSSION 

 22a Implications for progression from pilot to future definitive trial, 
including any proposed amendments 

DISCUSSION 

Other information 
 

Registration 23 Registration number for pilot trial and name of trial registry STUDY DESIGN 
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Protocol 24 Where the pilot trial protocol can be accessed, if available THESIS CHAPTER 7 
(INTERVENTION DESIGN) 

Funding 25 Sources of funding and other support (such as supply of drugs), 
role of funders 

N/A 

 26 Ethical approval or approval by research review committee, 
confirmed with reference number 

STUDY DESIGN 

 

Citation: Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al. CONSORT 2010 statement: extension to randomised pilot and feasibility trials. 

BMJ. 2016;355. 

*We strongly recommend reading this statement in conjunction with the CONSORT 2010, extension to randomised pilot and feasibility trials, Explanation and Elaboration 

for important clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence 

trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to 

this checklist, see www.consort-statement.org. 

 

 

http://www.consort-statement.org/
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Appendix 27. Personalised health report template for the A-REST study 

Individual Health Report 

 

Institute for Sport and Physical Activity Research 

Polhill Avenue 

Bedford 

MK41 9EA 

Individual Health Report 
 

 
 
Dear [NAME], 
 
 
Thank you for your participation in the Beds Police intervention to reduce prolonged sitting. 
Please find your individual  health report below. This information is confidential and has not 
been shared with your employer. If any of the health indicators below are above or below 
acceptable limits according to The National Institute for Health and Care Excellence (NICE) 
guidelines, you will find a GP referral letter attached explaining this further with advice that 
you consult your GP. 
 
Thank you again for your help with the study. 
 
 
Marsha Brierley (Principal Investigator) 

 

Email: marsha.brierley@study.beds.ac.uk 

 

Tel: [phone number]  

 

[Example table] 

 

Health measure Before the study After the study 

Blood pressure 120/80 120/80 

Total cholesterol 6mmol/L 6mmol/L 

Workplace sitting time 399.21 minutes 381.56 minutes 

 
  

 

 

 

 

mailto:marsha.brierley@study.beds.ac.uk


 

Appendix 28. Activpal instructions and participant log book 

    

 

 

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 your monitor & log book to Andrea Breitenback (in the office near 
the cashpoint) 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 Marsha Brierley on [phone number]. 

 

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


 

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 Marsha Brierley on [phone 
number]. 

 



 

 

 

 



 

ID Number: 

 

Day and 

date 

Wake up Got out of 

bed 

Started 

work 

Finished 

work 

Got into 

bed 

Went to 

sleep 

Times during the day when I took 

my leg monitor off and why 

 

Any other comments 

Example: 

Mon 17th 

Dec 

    0700am 0715am 0900am 1700pm  2300pm 2330pm 1600pm for 45 minutes to go swimming  

Date:      

 

  

 

 

 

Date: 

 

 

        

Date:        

 

 

 

Date:        

 

 

 

Date:        

 

 



 

Over the next 8 days please use this sheet daily to record…



 

 

Appendix 29. Demographic questionnaire for the A-REST study 

Demographic questionnaire 
 

Institute for Sport and Physical Activity Research 
Polhill Avenue 

Bedford 
MK41 9EA 

 

 
1. Age (in years): 

 _____________ 

 

2. Sex (tick one):  

 Female 

 Male 

 

3. Ethnicity (tick one):   

 Black or Black British 

  White 

 Mixed 

 Chinese 

 Asian or Asian British 

 Other (please state):________________ 

 
 

4. Education (tick one):   

 Left school before taking GCSE 

  GCSE or equivalent 

 Vocational qualifications 

  A levels / Highers or equivalent 

 Bachelors degree or equivalent 

 Postgraduate qualifications and above 

 



 

 

5. Marital or civil status (tick one):   

 Cohabiting  

 Married or civil status 

 Divorced/separated 

 Single 

 Widowed 

 

6. Number of children:  

____________ 

 

7. Job role (tick one):  

 Management (I manage others) 

 Non-management (I do not manage others) 

 

8. Rank:  

 Non-ranked police staff/other 

 Police Constable/ Sergeant 

 Inspector/Chief Inspector or above 

 Other (please specify): _________________ 

 

9. Length of time in service (in years):  

_____________ 

 

10. Hours worked per week (e.g., 37.5):  

_____________ 

 

11. Office size:  

 Cell office (one person per room) 

 Shared room (2-3 people per room) 

 Small landscape (4-9 people per room) 

 Medium-size landscape (10-24 people per room) 

 
 

12. Medical conditions (tick all that apply):  



 

 None 

 high blood pressure 

 diabetes 

 high cholesterol 

 
13. Perceived health (tick one):  

 Poor 

 Fair 

 Good 

 Very Good 

 Excellent 

 

14. How often do you currently smoke tobacco? (tick one):  

 Daily 

 Less than daily 

 Not at all 

 

15. Have you smoked tobacco daily in the past? (tick one):  

 Yes 

 No 

 

16. How often do you have a drink containing alcohol?  (A drink is a small glass of wine, 

half pint of beer or single measure of spirits). (tick one):  

 Never  

 Monthly or less  

 2-4 times a month  

 2-3 times a week  

 4 or more times a week 

 

17. How many drinks containing alcohol do you have on a typical day when you are 

drinking? (tick one):  



 

 N/A  

 3-4  

 5-6  

 7-9  

 10 or more 

 

18. How often do you have 5 or more drinks on one occasion? (tick one):  

 Never 

 Less than monthly  

 Monthly  

 Weekly  

 Daily or almost daily 

 



 

 

Appendix 30. Job satisfaction and job performance single-item questions 

Job satisfaction & productivity 

 

Institute for Sport and Physical Activity Research 

Polhill Avenue 

Bedford 

MK41 9EA 

 

Job Satisfaction 

Please circle the answer (from 1 to 7) where 1= dissatisfied and 7 = extremely satisfied. 

How satisfied are you with your job in general? 

 

 

 

Job Performance 

Please circle the answer (from 1 to 7) where 1= very poorly and 7 = extremely well. 

How well do you think you have performed in your job recently? 

 

 

 

1 2 3 4 5 6 7 

1 2 3 4 5 6 7 

 



 

 

Appendix 31. Post-intervention interview schedule for the A-REST study mapped to the Capability, Opportunity, Motivation, Behaviour (COM-

B) model and Theoretical Domains Framework (TDF) (adapted from Ojo, Bailey, Hewson, & Chater, 2019) 

Adapted from Ojo et al. (2019) 

COM-B 

Component 

 TDF Domain Eliciting Questions 

CAPABILITY Psychological Knowledge What is your understanding of guidelines from experts about how 

much sitting time is okay? 

Prompt – At what point do you think sitting becomes too much?  

Prompt – What do you think are the consequences of sitting for long 

periods?  

How do you think your sitting time during the intervention compared 

with this advice?  

  Memory, Attention and 

Decision Processes 

What aspects of the intervention helped you to overcome barriers that 

might prevent you from breaking up and reducing your sitting at 

work?  

  Behavioural Regulation What else would need to change to help you break up long periods of 

sitting at work?  

 Physical Skills What things during the intervention still prevented you from breaking 

up and reducing your sitting time at work? 

OPPORTUNITY Social Social influences How did the people you work with influence your sitting time?  

Prompt – How did the people on your team influence you? (e.g., 

health champions, and including any electronic communications) 

Prompt – How did co-workers not involved in the study influence you? 



 

How else could your work colleagues and employer help you to break 

up and reduce your sitting time?  

 Physical  Environmental context and 

Resources 

How did the change in your environment at work influence your 

sitting behaviour? (e.g., QR codes, computer prompts) 

How else would your environment need to change to make breaking 

up and reducing sitting easier for you?  

MOTIVATION Reflective Beliefs about Capabilities How confident were you at the start of the intervention that you could 

break up your sitting time? On a scale of 1 to 10. Why [insert number] 

and not 1? 

How confident are you that you could continue to break up your 

sitting time going forwards? On a scale of 1 to 10. Why [insert 

number] and not 1? 

  Beliefs about Consequences How much benefit do you feel breaking up your sitting time gave you?  

Goal  Describe your personal and team goals during the intervention 

Intention How did your determination to break up sitting time progress 

throughout the intervention? 

Optimism How optimistic were you during the intervention that you could reduce 

your sitting time? Why is that? 

Professional/social role and 

identity 

Thinking about your professional role in policing, what are the 

positives and negatives of sitting in the workplace?  

Prompt – How are you perceived by others when you sit, stand, don’t 

sit, don’t stand? 

Prompt – How do you perceive yourself when you sit, stand, don’t sit, 

don’t stand? 

 Automatic Emotion How do you think your mood during the day influenced your sitting 

patterns?  

  Habits & routines What about your habits?  

   How could the intervention address these (mood & habits) to break up 

and reduce your sitting time at work?  



 

  Reinforcement In what ways did the intervention reinforce breaking up and reducing 

sitting time? 

PRACTICABILITY (FIDELITY) 

• Did you attend a workshop in the beginning? How useful was it to you? 

• Were you aware of the booklet? How useful was it to you? 

• Were you aware of the emails? 

• Were you aware of the QR code competition? 

• Were you aware of where the QR codes were located?  

• How useful was the rise & recharge app (to track your behaviour)? 

• How did you remember to break up your sitting time (app, kept eye on the clock, etc., alarm or someone else’s alarm)? 

• How did you find the 8-week timeframe? 

• Data collection?  

• Were you aware that you would receive a health report at the end? 

• Is there anything else you’d like to say about your experience of the intervention, the QR codes, or data collection process? 

 

 

 

 

 

 

 



 

 

Appendix 32. Participant information sheet for the A-REST study 

 

 

Institute for Sport and Physical Activity Research 

Polhill Avenue 

Bedford 

MK41 9EA 

 

PARTICIPANT INFORMATION SHEET 

 

An intervention to reduce prolonged sitting in Bedfordshire police staff 

 

You are being invited to take part in a research study to determine if a workplace intervention 

can reduce prolonged sitting in police staff. Before you decide it is important for you to 

understand why the research is being done and what it will involve. Please take time to read 

the following information carefully and discuss it with others if you wish. Ask us if there is 

anything that is not clear or if you would like more information. Take time to decide whether 

you wish to take part. Thank you for reading this. 

 

If you would like to participate in this study or find out more information please visit: 

https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n or contact 

Ms. Marsha Brierley at marsha.brierley@study.beds.ac.uk We will then contact you by 

phone or email where we can discuss participation further in the study and informed consent.  

 

What is the aim of the project? 

The physical work demands of law enforcement officers has declined over the last three 

decades, a change that mirrors the changing nature of work in general. An increase in 

computer use and technological advances has meant that office work has become 

increasingly sedentary (too much sitting). Office workers spend upwards of 70% of their 

working day sitting down. This excessive sitting is associated with multiple health risks 

including type 2 diabetes and cardiovascular disease. Unfortunately, these risks still remain 

for those who exercise regularly. In other words, even if a person works out at the gym for 

30 minutes a day, it may not offset the harmful effects of prolonged sitting the rest of the 

day. Too much sitting is also associated with musculoskeletal pain (e.g., back pain) and 

instances of increased work stress. 

 

The aim of this study is to assess the feasibility of conducting an intervention to reduce and 

break up prolonged sitting time in full-time police staff. Additionally, the intervention will 

be evaluated on sitting time, health, wellbeing, and productivity outcomes. 

 

What type of participant is needed? 

We are looking for employees who:  

 

https://bedshealthsciences.eu.qualtrics.com/jfe/form/SV_9LawYk8aAMKsy5n
mailto:marsha.brierley@study.beds.ac.uk


 

 Are 18+ years 

 Work ≥ 0.6 FTE (≥ 22.5hrs/wk) 

 spend ≥ 5 hours seated at a desk per workday  

 have a smartphone and are able to have this with you during work hours  

 are able to stand and walk  

 

Unfortunately, you are ineligible if you are: 

 planning any absences or holidays longer than two weeks during the study 

 planning a change in job role or office relocation during the study 

 pregnant  

 have personal access to a sit-stand desk or active workstation 

 Participating in a workplace intervention (for sedentary behaviour, physical activity, 

diet, lifestyle, or combination thereof)   

 Have experienced an injury to the lower extremities in the past six months, have 

dizziness, or epilepsy 

 

Why have I been invited? 

We are looking to recruit 50 employees from Bedfordshire police force from Kempston, 

Luton or any of their branch locations. Colleagues from the same office/floor will participate 

together in small teams. 

 

What will participants be asked to do? 

You will be asked to participate in a ten-week intervention to break up and reduce 

prolonged sitting at work. We will need to collect data from you both before and after the 

intervention has finished. Your employer has given permission for the intervention and all 

measurements to be taken during normal working hours at your workplace. Your employer 

will not receive any personal health data, only aggregated and anonymised data from the 

study. Once the intervention has finished we would like to get your feedback on the 

experience with a short interview conducted by one of the research team members.  

 

Data collection 

Before and after the intervention we will collect data on the following: 

 

Activity monitoring: Participants will be asked to wear an activity 

monitor for 7-days (24-hours/day) prior to the start of the intervention, 

and again at the end of the intervention. 

 

Health check: We will collect information pertaining to weight, height, 

body fat, blood pressure, cholesterol, and glucose levels. For 

cholesterol and glucose we will need to take a very small finger-prick 

blood sample. 

 

Questionnaires: Participants will complete questionnaires about work, 

life, stress, musculoskeletal health, wellbeing and mood. 

 

Saliva sample to measure stress: The hormone cortisol is associated with stress levels. To 

measure this, we will ask you to collect 7 saliva samples over a single day, which we will 

then collect from you at work. You will need to chew on a cotton swab for 2-minutes and 

then place the swab in a marked container. Do not eat or drink anything (except water) half 



 

an hour prior to taking each sample. 

 
 

Balance testing: You will be asked to perform a series of simple two-footed and single-

footed standing balance tasks to measure postural stability. 

 

 
 

 

Group allocation 

After baseline measurements, your team will be randomly assigned to the intervention or 

control group.  

 

The intervention 

 A short presentation on the health effects of too much sitting 

 Brainstorming workshop 

 Behaviour change booklet 

 Electronic (eHealth) support 

 Minor environmental modifications 

 Weekly email support from health champions 

 Individual and team competition 

 

Control group 

Control group participants will continue with their normal work routine for the study 

duration. Having a control group is very important because it allows the researchers to 

evaluate if the intervention has worked or not. At the end of the study, control group 

participants will have access to the intervention elements so they can benefit, too. 

 

What are the possible risks of taking part in the study? 

This research has been approved by the ethics committee of the Institute for Sport and 



 

Physical Activity Research. There are possible minor risks to your health with the study and 

data collection procedures, but we have tried to minimise these as much as possible. (Ethics 

board number: 2019ISPAR008) 

 

• Blood sampling: Slight risk of cross infection but a trained researcher will be 

following standardised guidelines for collecting and handling of blood. There may be 

a slight ‘pinch’ with the finger prick sample, but this is temporary. 

• Activity Monitoring: There is a minor risk of skin reaction to the medical-grade 

adhesive tape. Sometimes, just changing the adhesive more regularly helps, and extras 

will be provided to you in your pack. This can be discussed with the research team. 

 

What are the possible benefits of taking part? 

The aim of this study is to determine if breaking up and reducing prolonged sitting at work is 

feasible in police staff. Understanding if these types of interventions are feasible is important 

to designers of large scale interventions. There may be positive benefits of the intervention 

for your health and wellbeing. All participants will be provided with a health report at the end 

of the study.  

 

What if you decide you want to withdraw from the project? 

The choice is always yours. It is up to you to decide whether to take part. If you do decide to 

take part, you will be given this information sheet to keep and be asked to sign a consent form; 

you are still free to withdraw at any time and without giving a reason. A decision to withdraw 

at any time will not be of detriment to you. 

 

What will happen to the data and information collected? 

Personal data will not be shared with your employer. Any electronic information and results 

collected will be stored on a password-protected computer or laptop owned by a member of 

the research team or the University of Bedfordshire. The University of Bedfordshire 

administers any online questionnaires via a secure site run by Qualtrics, Inc. who hold all EU 

data within the EU in accordance with GDPR requirements.  

 

Any physical documents will be stored securely in a locked filing cabinet in an ID card-

protected office or the Sport and Exercise Science Laboratories at the University of 

Bedfordshire, Polhill Campus, Bedford. Data will only be accessible to related University staff. 

Transcripts and all data will be kept for up to 5 years after publication. 

 

Results of this project will be published in a PhD thesis and may be disseminated externally 

(in a scientific journal or conference proceeding), but any data included will in no way be 

linked to any specific participant.  

 

What will happen to the results of the research study? 

The results of the study will be available upon completion of the analyses. You may obtain a 

copy of the published results by contacting Marsha Brierley 

(marsha.brierley@study.beds.ac.uk). 

 

What if I have any questions? 

Questions are very welcome. Please ask myself (Marsha Brierley) or my supervisor (Dr. 

Lindsey Smith) any questions at any time. See below for specific contact details. 

 

 

mailto:marsha.brierley@study.beds.ac.uk


 

Many Thanks, 

 

Marsha Brierley 

Email: marsha.brierley@study.beds.ac.uk  

 

Additional contacts for further information 

 

Lead supervisor 

Dr. Lindsey Smith 

Email: Lindsey.Smith@beds.ac.uk 

 

 

 

Thank you for taking your time to read this information sheet. 

 

Please keep this form for your records 

 

 

 

 

mailto:marsha.brierley@study.beds.ac.uk
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Appendix 33. Informed consent for the A-REST study 

Beds Police intervention to reduce 

prolonged sitting 
 

 

Your consent  
Please read the statements below and tick each box to confirm your understanding and agreement.   

 

 

 

 

 

 

Please mark each box with a cross if you agree: -  

 1. I confirm that I have read and understand the information sheet for the Beds Police 

intervention to reduce prolonged sitting 

 

☐ 

 2. I understand that taking part is voluntary, my information will be kept anonymous and 

confidential, my data will be stored by the University of Bedfordshire for up until five 

years after publication, the aggregated and anonymous results of the study will be 

published in a thesis and potentially elsewhere in academic journal(s) and/or 

conferences, and that I am free to leave the study at any time without giving a reason.  

 

☐ 

 3. I understand that the University of Bedfordshire and other organisations involved in 

the study will look at information collected during this evaluation, but that no 

identifiable data will be given to my employers without my consent. 

 

☐ 

 4. I consent to take part in the study.  

 
☐ 

Signature:                                                                                                     Date: __________________ 

 

 

Your Name: DOB: 

Job title: Department: 

Office building & room number: Office location (e.g., Luton):  



 

 

Appendix 34. GP referral letter template 

GP Referral Letter 

 

Institute for Sport and Physical Activity Research 

University of Bedfordshire 

Polhill Avenue 

Bedford 

MK41 9EA 

 

Dear [INSERT NAME], 

 

 

Thank you for taking part in the “Beds police intervention to reduce prolonged sitting” study. 

As you are aware, part of your participation in this study involved us measuring a number of 

heart disease risk markers as well as body fat levels. 

 

The desirable range for [INSERT RISK MARKER] is [INSERT RANGE] according to 

[INSERT HEALTH BODY]. 

 

Your [INSERT RISK MARKER] level from our study data collection session on [INSERT 

DATE] was [INSERT DATA]. 

 

As you can see, your [INSERT RISK MARKER] is [below/above] the desirable range. 

 

Please do not worry about this information. However, we do advise that you book an 

appointment with your GP or Doctor so they can further investigate the information we have 

provided in this letter. You may wish to take this letter with you to your appointment. 

 

Kind regards, 

 

 

 

Marsha Brierley (Principal Investigator) 

 

Email: marsha.brierley@study.beds.ac.uk 

 

Tel: [phone number]  

 

Dr Lindsey Smith (Supervisor) 

 

Email: lindsey.smith@beds.ac.uk 

 

Tel: 01234 793237  

mailto:marsha.brierley@study.beds.ac.uk
mailto:Daniel.bailey@beds.ac.uk

