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Abstract 

 

There is an increasing demand for economic evidence on physical activity (PA) and sedentary 

behaviour (SB) interventions which can prevent noncommunicable disease (NCD). Trials assessing 

the impact of PA and SB interventions rarely collect and present economic data alongside their 

effectiveness results. The overarching aim of this PhD was to develop a multidisciplinary and 

pragmatic framework to support researchers carrying out trial-based economic evaluations of 

individual-level PA and SB interventions. The nature of this PhD project presented me with the 

opportunity to train in a new discipline, health economics, and draw on my existing discipline-

specific knowledge in anthropology and public health in order to make an interdisciplinary 

contribution to the field of public health economics applied to trials. In particular, my knowledge in 

anthropology, the study of human society and its complexity, supported my documentation of the 

complexity involved in developing and implementing a standardised pragmatic framework to the 

multidisciplinary field of economic evaluation in PA and SB. Complexity is reported throughout this 

thesis in the form of reflection boxes. The purpose of the reflections were to: (1) describe in detail 

the actions I took to develop a framework; and (2) explain why I believed these actions were fit for 

purpose. For the latter, I reflect on my prior knowledge in public health and anthropology, as well as 

on the complex detailed observations I made and informal multidisciplinary conversations I had 

during this PhD.  

In order to design an initial framework and to test the practicability of it, I carried out three key 

studies. Study one was a systematic review which aimed to identify how authors of existing 

economic evaluations of individual-level PA and SB interventions have addressed key 

methodological challenges associated with the conduct of economic evaluations in public health. In 

summary, the review showed that there are marked methodological differences in existing studies. 

Nevertheless, good quality methods were identified and drawn on in order to develop the initial 

framework. The initial framework comprised of 16 items along with guidance on how these items 

could be applied in the context of PA and SB. Study two involved applying the initial framework to a 

óreal worldô PA trial and reflecting on its practicability. Study three was carried out concurrently with 

study two and involved applying the initial framework to a óreal worldô SB trial, also to see how the 

framework performed in practice. Narrative synthesis methods were used to bring together the key 

learnings and reflections from studies 1-3. The narrative synthesis shed light on how my 

interdisciplinary knowledge and experience could improve the procedures for identifying and 

measuring resource use within PA and SB trials. My revised systematic framework incorporates 

existing tools from the multiple research fields in which PA and SB cut across, namely public 

health, exercise science, behavioural science, anthropology and trial methodology. The final 

framework, presented in the form of a standard operating procedure (SOP), is recommended for 

use in trial units to support early career health economists to make and communicate decisions 

around the measurement of resource use in complex individual-level PA and SB trials. 
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1.1. Definitions for PA and SB 

Physical activity (PA) has been formally defined as ñany bodily movement produced by skeletal 

muscles that results in energy expenditureò (Caspersen et al., 1985). This definition implies that PA 

is not necessarily planned, structured or repetitive. It indicates that PA can be performed as part of 

peopleôs daily life activities such as through workplace and household activities, as well as exercise 

and sport. In the PA literature, energy used up through PA is classified in units known as metabolic 

equivalent time (MET). METs have been defined as ñthe amount of oxygen consumed during PAò 

(Scholes, 2017). The Compendium for Physical Activities categorises PA into three levels based on 

the amount of METs used. These categories include light-intensity PA (1.6-2.9 METs), moderate-

intensity PA (2-5.9 METs) and vigorous-intensity PA (Ó6 METs) (Ainsworth et al., 2011). More 

recently, the terminology for bodily movement has been extended to incorporate two low energy 

behaviours: sedentary behaviour (SB) and sleep. SB has been defined as ñany waking behaviour 

characterized by an energy expenditure Ò1.5 METs while in a sitting or reclining postureò 

(Sedentary Behaviour Research Network, 2012). Sleep has been classified as using less than 1 

MET (Tremblay et al., 2017).  

1.2. Why intervention is needed for PA and SB 

1.2.1. Evidence on the benefits of PA and SB 

Since the industrial revolution, there has been a rapid increase in the development of new 

technology. In turn this increase in technology has led to a reduction in human energy expenditure 

since new technology has reduced the heavy labour and effort required to perform day-to-day 

activities (Hallal et al., 2012). One of the consequences of modern civilisation is an increased risk 

of noncommunicable disease (NCD). This is because key biological mechanisms in the human 

body are maladapted to a lifestyle that is less active (Booth et al., 2008). As a result, it has been 

claimed that there is overwhelming evidence to assert that physical inactivity is one the biggest 

public health challenges of the 21st Century (Blair, 2009). NCDs are important as they are the main 

cause for death and disability worldwide with incidence rates forecast to increase considerably 

(WHO, 2014). NCDs are often recognisable by their long-term nature and include conditions such 

as cardiovascular disease (CVD), type II diabetes (T2D), cancer, dementia and depression. 

Physical inactivity is one of the four main lifestyle risk factors, which has and continues to 

contribute to the global rise in NCDs and premature mortality (World Health Organisation, 2013). 

As a result, physical inactivity is the fourth leading cause of death globally (Kohl et al., 2012) and is 

attributable to one in six global deaths (Lee et al., 2012). Physical inactivity has been associated 

with a number of major NCDs including dementia, coronary heart disease (CHD), T2D, stroke, 

breast and colon cancer, and depression (Andersen et al., 2016, Department of Health, 2004, 

Trueman and Anokye, 2013).  

The most recent guidelines on PA from the UK emphases that: (1) any amount of PA can lead to 

health benefits; and (2) all age groups can benefit from PA (Gibson-Moore, 2019). Levels of PA 

below the current recommendations have even demonstrated important health benefits. A key 

review looking at the health effects of light-intensity PA for adults and older adults measured 

through objective measures, found that light-intensity PA was beneficially associated with obesity, 
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cardiometabolic markers and mortality (Füzéki et al., 2017). Furthermore, low doses of MVPA 

incorporated into an older persons daily life can reduce their risk of mortality by 22% (Hupin et al., 

2015). There is also evidence indicating that a single bout of resistance PA can have important 

health benefits for adults including a lowering effect on blood pressure which can last up to 24 

hours (Casonatto et al., 2016). In terms of mental health, a cross-sectional study from the USA with 

data from 1.2 million individuals found that individuals who reported exercising in the past month 

compared to those who did not, spent 1.49 days less per month in poor mental health. 

Furthermore, the authors found that all types of exercise were associated with a reduction in poor 

mental health (Chekroud et al., 2018). In terms of children and young people, epidemiological 

evidence indicate that children who develop a physically active lifestyle very early on in childhood 

are more likely to be active across the life course (Telama et al., 2014). There are also immediate 

benefits for children and young people, for instance, a large systematic review examining the 

evidence on objectively measure PA in 5-17 year olds from 162 studies, found that all forms of PA 

in terms of sporadic, bouts and continuous PA, are beneficial for children and young peopleôs 

health (Poitras et al., 2016). More specifically, the review reported an association between PA and 

physical, psychological, social and cognitive benefits. Overall, the benefits of PA are widespread 

for all age groups and they do not just include physical and mental health benefits. For instance, 

PA is associated with improvements in learning and attainment for children as well as 

improvements in workplace productivity for adults (Gibson-Moore, 2019).   

SB has also been identified as modifiable risk factor associated with NCD and premature mortality. 

Importantly, SB has been identified as having a negative impact on health, independent of 

moderate-to-vigorous intensity PA (Katzmarzyk et al., 2009, Hamilton et al., 2008, Buckley et al., 

2015). A key meta-analysis found that adults who were sedentary for prolonged periods were still 

at increased risk of mortality and morbidity, regardless of whether they were meeting the weekly 

guidelines for PA (Owen et al., 2010, Ekelund et al., 2016). The study found that in order to 

attenuate the risks associated with SB, adults would need to participate in 60 minutes of ómoderate-

intensityô PA per day. As over a third (35%) of females and a quarter (26%) of males in high-

income countries do not presently meet the recommended weekly guidelines of 150 minutes of PA 

per week (WHO, 2018b) then a daily target of 60 minutes, which equates to a weekly target of 420 

minutes, is unlikely to be attained. A more recent meta-analysis involving over one million 

participants showed that high levels of total sitting and especially TV viewing time, are associated 

with an increased risk of all-cause mortality, CVD mortality and incidence of T2D (Patterson et al., 

2018). Sitting for prolonged periods has also been associated with a decline in metabolic health. A 

large study from Australia found that for adults without a diagnosis of diabetes, who self-reported 

high-levels of TV viewing time, were also more likely to have undiagnosed abnormal glucose 

metabolism (Dunstan et al., 2004). Similarly, a large systematic review drawing on 235 studies 

from 71 countries, found an association between TV viewing for children and young people, and 

unfavourable cardiometabolic risk scores, body composition and behavioural conduct (Carson et 

al., 2016).  
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1.2.2. Recommended guidelines for PA and SB 

The terms ómoderateô and óvigorousô are drawn on in the international guidelines for PA which aim 

to recommend how much PA adults should achieve per week in order to reduce their risk of NCD 

and pre-mature mortality (WHO, 2018b). Currently, the guidelines state that adults aged 18-64 

should aim to achieve at least 150 minutes of ómoderate-intensityô PA per week or 75 minutes of 

óvigorous-intensityô PA per week, or the equivalent weekly volume through a combination of 

moderate-to-vigorous PA. These guidelines were based on key systematic reviews from the US 

and Canada (Department of Health and Human Services, 2008, Warburton et al., 2010). Though 

the reviews were published over a decade ago, the evidence derived from them remains relevant 

today. For instance, the reviews found that 150 minutes of ómoderate-intensityô PA per week is 

associated with substantial health benefits across a diverse range of adult populations. 

Furthermore, they found that it is the overall volume of 150 minutes of ómoderate-intensityô PA per 

week, which is important, as opposed to the type of activity or frequency of PA sessions. Similar 

health benefits are accumulated when overall PA volume equates to 150 minutes per week, 

meaning it does not matter if this amount is achieved through short 10-minute bouts of PA or 

through long continuous PA sessions. That said, the guidelines do go on to recommend that in 

order to experience more acute benefits, it is better to spread the 150 minutes across the week. 

This is because acute effects of PA such as improved mood, insulin sensitivity and fat metabolism, 

only last up to 24-48 hours after a bout of PA (Department of Health and Social Care, 2011). 

Guidance has been provided by experts in order to improve our understanding further for the terms 

ómoderateô and óvigorousô activities. This is because METs is not a multidisciplinary measure, 

therefore the guidance states ñmoderate-intensity activities are those in which heart rate and 

breathing are raised, but it is possible to speak comfortably. Vigorous-intensity activities are those 

in which heart rate is higher, breathing is heavier, and conversation is harderò (O'Donovan et al., 

2010). On the contrary, to PA guidelines, due to the underdeveloped evidence base for SB, there 

are no international guidelines for SB and many countries have not quantified guidelines 

(Stamatakis et al., 2019). For example, the UKôs SB guidelines recommends that adults minimise 

the amount of time they are sedentary for extended periods but the guidelines do not quantify this 

(Department of Health and Social Care, 2011). 

1.2.3. Current global and national prevalence for PA and SB 

Globally, around one in four adults are not meeting the recommended guidelines for PA (WHO, 

2018b). Nationally, the latest Health Survey for England reported similar findings while also noting 

that a greater proportion of females (42%) are not meeting the guidelines compared to males 

(34%) (Scholes, 2017). In terms of SB, early evidence from the US indicated that Americans 

reportedly spend 55% of their leisure time in sedentary pursuits, including watching TV (Matthews 

et al., 2008). While in Europe, early evidence on SB suggested that Europeanôs devote 40% of 

their leisure time to watching TV (Office for European Communities, 2003). In the context of the 

UK, the Health Survey for England (Scholes, 2017) also assessed SB levels and found that the 

same proportion (29%) of males and females are sedentary for six hours or more per day during 

their leisure time in the week. That said, at the weekend males were more likely to spend 6 or more 

hours of their leisure time per day being sedentary (40% vs 35% per day, respectively). The 
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difference between the findings from America and the UK may relate to the way SB was measured 

in the studies. The study by Matthew and colleagues uses objective measures, while the Health 

Survey for England draws on self-report measures. When objective and self-report measures have 

been compared in previous work, in the context of PA, the objective data has indicated that people 

may overestimate how active they are when they self-report their activity levels (Marteau, 2018, 

Scarborough et al., 2011). Overall, the current evidence base on PA and SB prevalence suggests 

that an important share of peopleôs waking hours is spent using very little energy. 

1.2.4. Costs associated with PA and SB 

The high prevalence and long duration of NCDs means their impact is widespread. Not only do 

they impact on the individual but also on numerous groups and sectors in society including the 

individualôs family, workplace, community and health sector. As a consequence, the global burden 

of NCD is substantial (WHO, 2018a). In the UK alone, NCDs are estimated to cost the economy 

£8.3 billion per annum (Gray et al. 2015; Department of Health, 2009). Inaction to invest in 

preventative interventions tackling detrimental levels of physical inactivity is expected to lead to 

greater levels of NCD, inequity, productivity losses and a continued overwhelming demand for 

costly curative healthcare services (Organisation for Economic Cooperation and Development, 

2015). Conservative estimates from 2013, report that the global economic burden of physical 

inactivity was around $58.3 billion per annum, of which more than half of this burden fell on the 

public sector (Ding et al., 2016). In the UK, Public Health England reported that physical inactivity 

costs the UK economy around £7.4 billion per annum (Public Health England, 2014). In other high 

income countries, physical inactivity is estimated to account for 1.5-3% of the total direct healthcare 

expenditure (Oldridge, 2008). In England, in 2009/10 the direct cost of physical inactivity to the 

National Health Service (NHS) was estimated to be around £900 million (Townsend et al., 2015).  

1.2.5. Determinants of PA and SB 

As well as reducing NCD and pre-mature mortality, an increase in PA and reduction in SB has the 

potential to contribute to making people more productive in the workplace and making the world 

more sustainable. For example, poor health has been associated with higher rates of workplace 

absenteeism and presenteeism (Scarborough et al., 2011, Buckley et al., 2015). Furthermore, it is 

expected that the promotion of PA through active transport can help reduce fossil fuel use, which in 

turn will lead to clearer air, less congested roads and ultimately a healthier environment (World 

Health Organisation, 2018). As well as PA and SB affecting productivity and the environment, work 

conditions and the environment can also affects peopleôs health. Key milestone publications have 

helped improved our understanding of this in terms of how fundamental economic, environmental 

and social conditions can determine health-behaviours such as PA and SB. In particular, there 

have been three key publications, which have raised awareness on the determinants of health, 

these include: the Ottawa Charter for health promotion (World Health Organisation, 1986); 

Dahlgren and Whiteheadôs (1991) socioecological model; and the Marmot Review (Marmot et al., 

2010). Together, the reports illustrate that interventions need to be designed with an awareness of 

the prerequisites for health. In particular, the Marmot review draws on robust epidemiological 

evidence, which shows how that it is not just genetics, which determine our health and health 
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behaviour, but the type of environmental and societal structures in which we live also play a major 

role in determining our lifestyle behaviours and consequently our health status. 

1.3. Evidence on effectiveness of PA and SB interventions 

1.3.1. Complex interventions for PA and SB 

The determinants of PA and SB can change over time and are interrelated; this makes low PA and 

high SB levels complex public health challenges. This complexity has been explained through a 

recent framework produced as part of the Global Action Plan on PA (Rutter et al., 2018). The 

framework provides a visual depiction of the complex nature of PA, which can be used to help 

design effective PA and SB interventions. The framework builds on Dahlgren and Whiteheadôs 

socioecological approach as it helps us understand how contextual factors such as political, social, 

cultural and economic factors, influence peopleôs response to PA interventions. More specifically, 

the framework disaggregates the influencing factors in order to demonstrate how there are multiple 

sectors and stakeholders involved in tackling the global problem of inactivity. The authors argue 

that the framework demonstrates that it is inappropriate to try and increase PA through a single 

response; rather they state that an effective response involves multiple sectors and multiple 

components. The Medical Research Council in the UK has provided guidance in order to help 

researchers deal with the complex nature of behaviour change interventions when developing and 

evaluating their interventions (Craig et al., 2008). The guidance is highly cited and due to be 

updated in order to incorporate recent methodological developments which includes complex 

systems thinking and natural experiments (Skivington et al., 2018). As the most recent version of 

the guidance is not yet published, key messages and concepts from 2008ôs guidance explain why 

many PA and SB interventions conducted over the last decade are multi-component, target 

different levels of the socioecological model, are evaluated through experimental designs, and 

assess multiple outcomes. 

1.3.2. Effectiveness data for PA and SB interventions 

International experts in PA have identified seven types of strategies for increasing PA, which they 

claim have worldwide applicability and are supported by good evidence (International Society for 

Physical Activity and Health, 2012). In summary, the seven strategies include: 

1) Implementing whole school approaches to PA; 

2) Creating transport systems which enable óactive transportô; 

3) Designing a built environment which provides opportunities for recreational PA and thus 

reduces peopleôs chance of sitting for prolonged periods; 

4) Encouraging primary and secondary healthcare professionals to prescribe PA as a form of 

ómedicineô for NCD prevention; 

5) Raising awareness of PA benefits to the public through mass media campaigns; 

6) Using key settings such as local governments, schools and workplaces to integrate PA 

promotion approaches across the whole community; 

7) Encouraging participation in sport across the life span.  

These seven strategies support the argument that an active lifestyle should be promoted at all 

stages of the life course. For example, although PA promotion has the greatest potential in the 
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early years, it also has an important role in supporting healthy workplaces and ageing (World 

Health Organisation, 2013). Traditionally, experts in PA have classified PA approaches into three 

broader strategies: community-wide mass media campaigns and informational approaches; 

individual-level behavioural and social support approaches; and community-wide environmental 

and policy approaches (Heath et al., 2012). Much of the existing evidence on the effectiveness of 

PA and SB interventions comes from the evaluation of individual-level behavioural and social 

support interventions; this is due to the challenge of measuring PA outcomes at the population-

level. That said, the strength of these types of multicomponent individual-level interventions is that 

they can be developed and piloted in various settings before being scaled up to a community-wide 

and policy level (Craig et al., 2008).  

In particular, there has much interest in individual-level behavioural and social support 

interventions, which aim to help individuals to incorporate PA into their daily routine. One reason for 

this is because early evidence has suggested that interventions which focus on lifestyle PA through 

the production of tailored activity plans are better value for money than supervised structured 

exercise programmes (Sevick et al., 2000). More recently, the evidence from a key meta-analysis, 

which reviewed the evidence on behaviour change techniques for PA, supported the evidence for 

tailored PA lifestyle interventions. More specifically, the meta-analysis found that goal setting, self-

monitoring and person-centre methods (e.g. motivational interviewing and social determination 

theory) are effective techniques (Samdal et al., 2017). Compared to the PA literature, evidence on 

the effectiveness of SB interventions is less advanced. Overall, much of the evidence is limited to 

small non-powered and low quality studies (Shrestha et al., 2016). As office workers are one of the 

most sedentary populations (Clemes et al., 2014) SB interventions have typically been set in the 

workplace. A recent systematic review of the evidence on workplace SB interventions found that 

the existing evidence indicates that multicomponent behaviour change and environmental 

approaches are most effective for reducing workplace SB (Chu et al., 2016). That said, there 

remains a lack of evidence on the effectiveness of SB interventions that derives from RCTs 

(Gardner et al., 2016). Furthermore, there is a recognised need for more UK-based evidence on 

the effectiveness on workplace SB interventions (OôConnell et al., 2015) as well as evidence from a 

variety of workplaces (Mackenzie et al., 2015).   

1.4. Economic evaluations in public health  

1.4.1. Existing evidence on value for money 

Epidemiological evidence on the benefits of PA from a range of low-income, middle-income and 

high-income countries, have led to PA being identified as a low cost global strategy for reducing 

mortality and CVD amongst adults aged 30-70 years (Lear et al., 2017). That said, evidence on 

which PA and SB interventions offer the best value for money is lacking. Not enough is known 

about the economic viability of PA and SB interventions and their potential for reducing future costs 

to health and social care. It is crucial that evaluations in this field consider economic and public 

health outcomes and costs to the individual (Anokye et al., 2014). One reason for the lack in 

evidence is because economic evaluations are rarely embedded in trials which evaluate the 

effectiveness of PA and SB interventions. Reviews from the UK, which have assessed the value for 

money of public health interventions, inclusive of a range of PA interventions, concluded that the 
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existing evidence on public health interventions indicates that they represent good value for money 

(Owen et al., 2012, Owen et al., 2017, Wanless, 2004). Wanless (2004) argues that the 

assessment of the cost-effectiveness of public health interventions alongside effectiveness 

evaluations should be routine practice. Nonetheless, a more recent review has concluded that not 

all preventative interventions are cost-effective and furthermore some cost-effectiveness results are 

sensitive to the methodological approaches used, as well as the choice in comparator groups, 

costs and assumptions (Owen and Fischer, 2019).  

1.4.2. Fundamental economic concepts  

The discipline of economics is underpinned by the concept of scarcity. More specifically, 

economists are interested in a concept known as opportunity cost. Opportunity cost relates to the 

idea that resources (e.g. materials and peopleôs time) are limited and in most 

circumstances can only be used for one course of action at one point in time. Opportunity 

cost represents the consequence of allocating resources to one particular course of action instead 

of the next best alternative. That is to say, opportunity cost is the value of the benefits that could 

have been gained by choosing the next best alternative course of action instead (Morris et al., 

2012). Edwards and McIntosh (2019) summarise three additional concepts which underpin the 

study of health economics, these include: allocative efficiency, technical efficiency and equity. 

Edwards and McIntosh (2019) explain these concepts in the context of public health decision-

making within a public sector/ government economy:  

¶ Allocative efficiency aims to consider how society can maximise societyôs welfare and 

asks: what public health goods, services and environments should be produced by 

society?   

¶ Technical efficiency aims to consider how levels of input relate to levels of output and asks: 

how should public health goods, services and environments be produced?   

¶ Equity aims to consider who to produce something for and asks: how should public health 

goods, services and environments be distributed across society?  

1.4.3. Overview of economic evaluation approaches 

Health economics is the study of how society allocates scarce healthcare resources. Economic 

evaluation is a key part of health economics as it compares the costs and effects of alternative 

courses of action (Drummond et al., 2015a). The principles and practice of health economics and 

economic evaluation can be applied to public health through the study of how society uses scarce 

resources to prevent ill health, promote healthy lifestyles and reduce inequalities (Edwards and 

McIntosh, 2019). There are four established approaches to economic evaluation, these include: 

cost effectiveness analysis (CEA), cost-utility analysis (CUA), cost-benefit analysis (CBA) and cost-

consequence analysis (CCA). The main difference between the techniques is the way in which they 

incorporate and value outcomes. For instance, the main difference between conducting CEA or 

CBA in practice, relates to: (1) the number of outcomes included in the analysis; and (2) whether 

outcomes are monetised or reported in natural units.  

In terms of CEA, this technique only compares aggregate costs to a single outcome measure. 

Furthermore, the chosen outcome measure is usually reported in natural units and not assigned a 
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monetary value. CUA is a variant of CEA as it also compares a single outcome measure to 

aggregate costs. However, CUA is unique as it uses preference-based outcome measures, which 

have preference weights attached to the various possible states of the outcome which means it is 

possible to rank and meaningfully compare outcomes. By contrast, CBA incorporate several 

outcome measures and CBA is not restricted to reporting outcome measures in their natural units 

or as a preference weight. CBA involves assigning monetary values to the different outcome 

measures. CBA presents a summary ratio statistic called the cost-benefit ratio which is the 

aggregate monetary value of all costs compared to the aggregate monetary value of all outcomes. 

Lastly, the main feature of CCA is that it involves listing all cost categories and outcome measures 

in a disaggregate format. A key difference between CCA and CBA is that although CCA reports 

costs and outcomes, it does not compare costs to outcomes.  

Economic evaluations in healthcare typically focuses on maximising health, while public health 

interventions aim to prevent ill health, promote healthy behaviour and reduce inequalities. More 

specifically, public health interventions aim not only to improve health but also to improve a 

personôs social circumstances (e.g. education, housing, pollution) (Marmot and Allen, 2014). Public 

healthôs focus on the social determinants of health means there may be several outcome measures 

which can be reported. This implies CBA or CCA may be the most appropriate approaches for 

analysing public health interventions. Nevertheless, there is a lack of consensus on how analysts 

should address the methodological challenges associated with CBA, such as how to assign 

monetary values to social outcomes and how to account for the unfair distribution of income in 

society (Donaldson et al., 2002). Similarly, for CCA there is a lack of consensus on how a decision-

makers can implement the wide range results of CCA provides without the decision-makerôs bias 

influencing which results they choose to focus on.  

To date, there is no consensus in the literature for which economic evaluation methods should be 

used for public health economics. It is argued that due to the complex nature of public health 

interventions in terms of the multiple sectors, outcomes and components, there is no óone size that 

fits allô (Edwards and McIntosh, 2019: 342). Some analysts choose evaluative frameworks that 

stem from the finance and accounting literature, including return on investment (ROI) and social 

return on investment (SROI). The appeal of ROI and SROI is that unlike CBA they provide a 

practical framework that is relatively straightforward for analysts with limited training in health 

economics to apply in practice. The limitations of ROI and SROI is that they lack the theoretical 

underpinning of welfare economics and ignore the methodological challenges which health 

economists have debated for over forty years (Fujiwara, 2015).  

1.5. Welfarism and extra-welfarism 

1.5.1. Welfare economics  

Boadway and Bruce (1984) refer to welfare economics as the systematic study of methods (e.g. 

frameworks) used to order and rank societyôs preferences for any set of arrangements. A set of 

arrangements can include different states of the world and alternative courses of action (e.g. 

allocation of resources). The social ordering and ranking characteristic of welfare economics 

means the methods that underpin it are normative. This implies individualôs value judgements are 
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needed to order and rank preferences for alternative courses of actions. This allows alternative 

courses of action to be meaningfully compared against each other. Furthermore, this meaningful 

comparison enables the analyst to make statements about whether one course of action is better, 

worse or equally as good as the alternative courses of actions (Boadway and Bruce, 1984).   

1.5.2. Welfarism and extra-welfarism   

The most dominant framework for comparing and ranking different states of the world (alternative 

courses of action) as better, worse or equal is called welfarist economics. Welfarist economics is 

underpinned by utility-related principles, where utility is synonymous for óhappinessô or ósatisfactionô 

(Morris et al., 2012). More specifically, welfarism is underpinned by the following principles: (1) the 

individual makes rationale decisions in order to maximise their welfare; (2) the individual is the best 

person to decide on how to improve their own utility (happiness), not others (e.g. government); (3) 

utility comes from the outcome of a choice made to maximise welfare as opposed to the process of 

making the decision itself; and (4) judging the value of something can only be judged using utility-

based outcomes meaning all non-utility outcomes are irrelevant (Culyer et al., 2012). As welfarist 

methods are underpinned by individualism and the idea that only the individual can state what 

maximises their utility, welfarist economics is difficult to apply to health care and public health. This 

is because in many countries, it is the health professional who makes rational choices and 

decisions on behalf of the individual (Morris et al. 2012) as health and public health are highly 

specialised areas of study. Furthermore, in many countries, health and public health services 

(goods) are publicly funded which means decision-makers need to make comparisons between 

individuals in order to allocate resources across the public.  

Consequently, welfarism has been described as a restrictive evaluative framework compared to 

other frameworks such as extra-welfarism (Culyer et al., 2012). For example, extra-welfarism 

permits comparisons to be made between individuals as well as permitting utility to be judged and 

specified by others and not only the individual who is experiencing the outcome. Furthermore, 

extra-welfarism permits the analysis of not just utility, but also a broader range of non-utility 

outcomes including characteristics such as health status, capabilities, and other issues of concern 

that go beyond an individualôs utility (Culyer et al., 2012). For these reasons, extra-welfarism is 

described as a pragmatic framework since in practice it can be applied to a range of public policy 

challenges (Brouwer and Koopmanschap, 2000).  

1.5.3. Cost-utility analysis 

The pragmatic approach of extra-welfarism explains why it has been most commonly drawn on to 

address resource allocation problems within the field of health economics. In health economics, the 

most dominant extra-welfarist framework used is a species of cost-effectiveness analysis (CEA), 

called cost-utility analysis (CUA). It is important to note that in CUA, utility represents a measure of 

health characteristic. CUA measures health-related quality of life (HRQoL) not overall quality of life. 

The definition of utility in CUA therefore differs to the welfaristôs definition of utility which refers to 

an individualôs satisfaction. Analysts point out that use of the term utility in CUA is unhelpful as it is 

misleading (Culyer et al., 2012).  A key reason for the widespread adoption of the CUA in health 

economics, may relate to the way measuring health characteristics (utility) enables comparisons 
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between individuals to be made. Comparisons are important for health professionals and public 

policymakers since in most health economies, health professionals and policymakers make 

decisions on behalf of others due to the high level of knowledge and expertise required to make 

healthcare decisions.  

Health characteristics in CUA are measured using a multi-dimensional preference-based outcome 

measure. These measures captured include generic HRQoL measurements (e.g. EQ-5D) and 

disease specific quality of life measures (e.g. EORTC-8D). The EQ-5D which measures generic 

HRQoL, is the most commonly used instrument for measuring health characteristics (Rabin et al., 

2011). The preference-based element of the measure relates to the way in which the different 

characteristics of health can be assigned utility (preference) weights. These weights are cardinal 

numbers and represent the relative importance of each dimension from the quality of life tool. 

Specifying a set of utility weights is a normative process as it requires subjective value judgements 

to be made by a general or disease-specific population (Dolan, 1997). Application of the set of 

utility weights to an individualôs EQ-5D score is advantageous compared to non-preference based 

health measures, as the utility weights enables the analyst to infer whether a personôs health has 

improved or deteriorated and by how much (Dolan, 1997). On the contrary, the disadvantage of 

CUA is that the term utility within the CUA framework does not fully reflect the individualôs 

preferences and does not include all dimensions of health only those incorporated within the simple 

measurement tool. CUA is therefore seen as a pragmatic approach as it is practical (Brouwer and 

Koopmanschap, 2000). Nonetheless, CUA does not address all theoretical considerations.  

1.5.4. Cost-benefit analysis  

Although CUA uses a generic outcome measure which enables comparisons to be made across all 

disease areas, CUA has been criticised for not capturing the broader non-health outcomes which 

are important to individuals, families, communities and society (Edwards et al., 2013a). A 

framework is therefore required to specify what health and non-health outcomes are important, and 

how they should be measured and valued relative to each other. This is the role CBA seeks to play. 

The CBA framework assigns a monetary value to all outcomes so as outcomes can be aggregated 

into a single monetary value and compared with all aggregated costs. If the monetary value of the 

benefits are greater than the costs, then this can be interpreted as an efficient allocation of 

resources in society. CBA is often used by Governments in Impact Assessments for new policies.  

Although CBA is deemed theoretically superior than CUA, the approach is challenging to apply in 

health economic practice (Drummond et al., 2015a). In traditional economics, the market makes it 

possible to use a CBA framework to evaluate services. The market can be analysed to reveal the 

value individuals place on consumed goods. In health economies, the consumption of health 

(where health can be seen as a good) is distorted since individuals who consume health (e.g. 

patients) do not typically purchase health directly through the market. This means market prices do 

not exist for health and social outcomes (Drummond et al., 2015a). As an alternative to market 

prices, the CBA framework can use alternative approaches to generate monetary estimates, such 

as willingness to pay (WTP) methods. WTP methods use hypothetical scenarios to capture what 

prices people claim they would be willing to pay for a particular health outcome. The challenge of 
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applying a CBA approach within public policy is that the hypothetical compensation tests are 

determined by an individualôs pre-existing income and health, which is distributed unevenly across 

society (Donaldson et al., 2002). As a result, some argue that extra-welfarism approaches such as 

CUA may be more fair than welfarist approaches such as CBA (Brouwer and Koopmanschap, 

2000). This is because CUA provides a way to explicitly assign equity weights (utilities) to health 

states so as decisions can be based on need rather than an individualôs WTP. In the absence of 

consensus on what framework should be used for the evaluation public health trials, it is agreed 

that although CUA has limitations, QALYs are useful at illustrating that public health interventions 

are very cost-effective under NICEôs willingness-to-pay per QALY threshold compared to most 

curative interventions (Owen et al., 2012). 

1.6. Need for guidance on conducting economic evaluations 

1.6.1. Insufficient methodological guidance for PA and SB 

The methods used in economic evaluations of PA interventions vary substantially which contributes 

to the mixed results on whether specific PA interventions are good value for money (Vijay et al., 

2016, Williams et al., 2012). Reasons for the variation in the approaches to economic evaluations 

include the fact that researchers come from different countries which support different 

methodological principles and practices (Torbica et al., 2017). Furthermore, the normative and 

pragmatic nature of economic evaluations, as well as the relative infancy of the methods, means 

researchers are required to make a number of methodological choices and assumptions which are 

normative and specific to the intervention, setting and population being evaluated. Examples of 

these choices and assumptions include: what effects and costs should be included in the analysis, 

how inflation should be accounted for (Crowley et al, 2014), how future costs and benefits should 

be discounted, and how uncertainty should be characterised (Weatherly et al. 2009).  

In addition, four additional methodological challenges have been identified as being unique to the 

conduct of economic evaluations of public health interventions, which includes the conduct of PA 

and SB economic evaluations (Weatherly et al., 2009, Alayli-Goebbels et al., 2014). These four 

challenges are explored further in Chapter 2. Addressing these challenges requires adequate 

economic expertise and resources, which may explain why some researchers do not presently 

include a cost-effectiveness analysis in their evaluations. This may also explain why most clinical 

practice guidelines are primarily informed by the evidence from effectiveness evaluations since 

there is a lack of economic data being generated (van Mastrigt et al., 2016). Existing tools are 

available for assessing cost-effectiveness of PA interventions at the policy level, these include the 

MOVE (2.0) tool (Sport England, 2016) and HEAT tool (World Health Organisation, 2014). 

Nevertheless, the tools are restricted to the assessment of just two types of costs (immediate 

intervention operating costs and long-term disease costs). Furthermore, the tools require the user 

to have an aggregate unit cost for the intervention. The tools do not provide guidance on how to 

calculate the aggregate unit cost. Performing a microcosting exercise of new and complex 

interventions can be challenging as human resources (staffôs time) make up a large proportion of 

the costs (Glick et al., 2014, Mogyorosy and Smith, 2005).  
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1.6.2. Multidisciplinary understanding of economic evaluation in PA and SB 

There is widespread interest in economic data with the number of trials collecting economic data 

increasing (Ramsey et al., 2015). In the public sector, year on year the demand for cost data 

continues to grow (Curtis & Burns, 2018). Reasons for this include the fact that in a number of 

countriesô public sector budgets are tighter and healthcare demand is increasing (Weatherly, 

Cookson, & Drummond, 2014). In the UK, it is reported that Public Health Directors are óhungryô for 

economic evidence on the short-term economic impact of the preventative interventions they 

commission (Willmott, Womack, Hollingworth, & Campbell, 2016). Similarly, health and social care 

bodies such as the National Institute for Health and Care Excellence (NICE) in the UK request 

economic evidence to support their decision-making (NICE, 2014a). Furthermore, the MRC 

guidelines for the conduct of evaluations of complex health and public health interventions name 

assessment of cost-effectiveness as a key stage in the evaluation process (Craig et al., 2008). 

Despite calls for economic evaluation to be routine practice in the evaluation of public health 

(Wanless, 2004), the evidence is scarce compared to the evidence on clinical effectiveness. In 

part, this may be due to the international shortage of health economic expertise. That is to say, 

there is a need for health economic training in order to meet the demands of current public health 

challenges (Frew et al., 2018). One reason for the lack of economic evaluations in the field of PA 

and SB may be due to the lack of multidisciplinary working across research centres (Davis et al., 

2014). Multidisciplinary working is important, as economic evaluations of PA and SB intervention 

cover a range of disciplines including: public health, exercise science, economics, policy and 

behaviour change (Davis et al., 2014).  

1.6.3. PA and SB as a priority area 

As public resources are scarce, evidence on the cost-effectiveness of PA and SB interventions is 

required to prevent politicians from disinvesting in highly cost-effective interventions. For example, 

in 2015, UK politicians disinvested £200 million in local public health budgets, which is forecast to 

cost the health sector £1 billion in the long-run (Allen, 2015). If economic evidence is not provided 

to demonstrate how PA and SB interventions can lead to large health gains and cost savings in the 

future, then politicians cannot be held accountable for disinvesting in PA and SB.  

PA and SB interventions are a priority area to gather economic evidence on since the latest UK 

guidelines of PA highlight that there is no minimum amount of PA required to achieve some health 

benefits (Gibson-Moore, 2019). If a range of PA/SB interventions are increasing PA by even just a 

small amount, then there is a need for economic evaluations to help decision-makers understand 

whether the increased amount of PA can be regarded as good value for money compared to the 

amount of PA achieved through alternative interventions.  

Economic evaluations of PA and SB interventions targeted at individuals who are highly sedentary 

is a particularly important area of study compared to other public health challenges. This is 

because these interventions have the potential to be highly cost-effective due to the curvilinear 

relationship between PA and health benefits (Warburton and Bredin, 2016). The curvilinear 

relationship shows that the less active an individual is prior to a PA intervention, the greater the 

health gains are for this individual. Furthermore, PA and SB intervention targeting individualôs who 
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are the least active in society align with the principle of proportional universality, the belief that 

greater efforts and resources should be allocated towards those who are in most need and who 

face barriers to participating in PA (World Health Organisation, 2018).  

1.6.4. The uniqueness of economic evaluation in PA and SB 

PA and SB are particularly challenging field of study in economic evaluation as PA and SB 

interventions are typically delivered in non-healthcare settings. More specifically, the four domains 

where PA and SB interventions are delivered, include: at work (e.g. walking meetings), at home 

(e.g. housework), through transportation (e.g. walking to work) and through leisure (e.g. dance 

classes at a leisure centre) (Strath Scott et al., 2013). This requires the researcher conducting the 

economic evaluation to have an understanding on the setting and organisation in which the 

intervention is implemented (e.g. workplace). Furthermore, PA and SB are both multi-dimension 

behaviours. For instance a PA/SB intervention may attempt to modify an individualôs frequency, 

intensity, time and/or type of PA (Barisic et al., 2011). Modifying these dimensions is likely to 

modify the amount of resources (e.g. time, materials, payments) required to deliver an intervention 

which may impact on the overall cost of the intervention.  

Overall, the multiple domains and dimensions of PA and SB requires that researchers carrying out 

economic evaluations in this area are aware of existing practical tools which can help them capture 

and understand the complex nature of the PA and SB intervention. Furthermore, studying the 

complex nature of PA and SB interventions requires a framework which encourages a 

multidisciplinary approach, since PA and SB cut across multiple disciplines and research fields, 

including: public health, health economics, anthropology, physiology, trial methodology, behaviour 

change. Importantly, a framework needs to describe an approach which can be applied in practice 

and explain why the approach is appropriate. Transparent reporting on what and why a method is 

recommended needs to be a key feature of a framework for PA and SB, so as those using the 

framework can critically appraise the approach outlined. This PhD project aims to develop a 

framework to support the conduct of economic evaluations for individual-level PA and SB 

interventions.  

As well as a framework which draws on knowledge and methods from multiple disciplines, the 

practicability of the framework will be assessed by piloting an initial framework to two case studies. 

These two case studies are: (1) an individual-level PA intervention delivered in a leisure centre (the 

leisure domain) which targets inactive individuals who have pre-existing health conditions; and (2) 

an individual-level SB intervention delivered in a contact centre (workplace domain) which targets 

SB amongst office workers. Targeting individuals with pre-existing health conditions is important as 

they are twice as likely to not be active enough to benefit their health than the general population 

(Public Health England, 2019). Similarly, office workers are also an important population to target 

as research shows that office workers reportedly spend upto 70-85% of their working day sitting 

(Healy et al., 2013, Clemes et al., 2014, Morris et al., 2019). As discussed, due to the curvilinear 

relationship between PA and health benefits, individuals who are less active prior to a PA 

intervention are more likely to achieve the greatest health benefits from an PA or SB intervention 

(Warburton and Bredin, 2016). As these two case studies target two different population groups 
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and are set in two different settings (domains), this provides an important opportunity to generate 

empirical evidence on the applicability of my framework.  

1.7. Epistemological background  

1.7.1. Overview of existing skills and knowledge   

Throughout this PhD project I acknowledge that my understanding on how knowledge can be 

generated and interpreted has been influenced by my previous training and research experience. 

Prior to starting this PhD I had discipline-specific knowledge in anthropology and public health, 

having studied these two subjects for my undergraduate and postgraduate master degrees, 

respectively. Furthermore, prior to undertaking this PhD project, I was employed for almost three 

years as a Research Assistant in Public Health at Liverpool John Moores University. Through this 

employment, I gained a substantial amount of practical experience in the conduct and analysis of 

structured qualitative methods (e.g. focus groups and interviews) and the application of social 

return on investment (SROI) methodology. 

This present PhD project in health economics presented me with the opportunity to train in a new 

field. It also presented me with the opportunity for me to build on my existing anthropology and 

public health skills and knowledge and develop as a true multidisciplinary researcher. Particular 

skills and knowledge I possessed before starting this PhD included: (1) an awareness of our need 

to understand the complexity associated with changing an individualôs lifestyle and cultural norms, 

through my study of anthropology; (2) the burden of noncommunicable disease and inequity on 

society, through my study of and employment in public health; and (3) the importance of capturing 

the wider social, economic and environmental benefits of services and involving stakeholders in the 

data capture process through my SROI work. These existing skills and knowledge have been 

particularly complementary to this PhD as the project focuses on complex individual-level PA and 

SB interventions. In the subsequence sections, I provide an introduction to the methods and 

paradigms that underpin the disciplines of anthropology and public health with the intention 

providing insight into the methods and beliefs I had when I began my PhD journey.   

1.7.2. Studying complexity  

Anthropology is the study of society and culture. Society refers to the way humans organise 

themselves in a meaningful way, such as their patterns of interactions and power relationships. 

Culture refers to the behaviour, beliefs and values adopted by members of society. Societies and 

culture are complex (Hylland-Eriksen, 2001). A key aim of anthropology is to describe how complex 

the real world is, rather than trying to simplify it (Hylland-Eriksen, 2001).  More specifically, 

anthropology aims to document the complex details of everyday life in which interventions, trials 

and policies are implemented, in order to help us understand what is appropriate and why certain 

results have been realised (Lambert and McKevitt, 2002). That is to stay, my anthropological 

background led me to believe it would be valuable to document the complexity of the everyday 

context in which my PhD framework is developed, through the use of anthropological methods 

which are typically informal and less structured approaches.   
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1.7.3. Naturalism and normative statements  

A key contribution of the discipline of anthropology, is the ethnographic methods which derive from 

the discipline, namely participant observation. In participant observation the researcher participates 

in the research activities so as they can document what actually happens. Participant observation 

helps distinguish between normative statements (i.e. what interviewees and focus group members 

say should be done) and actual practice (what was actually done) through the use of informal and 

less structured research methods such as observations, informal conversations and notes made in 

the field (Lambert et al. 2002). Lambert and McKevitt (2002) argue for greater use of informal data 

collection rather than relying solely on formal and structured qualitative methods. They explain that 

structured qualitative data, such as an intervieweeôs normative statement, cannot be taken at face 

value. Furthermore, they claim that methods such as one-off interviews do not typically provide the 

broader context for an intervieweeôs answer. The authors argue that there may be a difference 

between what the interviewee says and what actually happened, and that we can only know this by 

observing the action for ourselves. This is where methods such as participant observation have a 

key role in helping us understand this knowledge gap between what people say they do or plan to 

do, and what people actually do. That is to say, anthropology believes it is important to observe 

actions and events in their natural context through ethnographic methods (Hylland-Eriksen, 2001). 

Some refer to this belief as the ónaturalismô paradigm. The naturalism paradigm suggests that 

peopleôs actions, behaviour and values documented in their natural context without intervention 

(e.g. an RCT) is a valid source of knowledge. Some even argue that all phenomena should be 

studied in its natural state rather than in an artificial state (Atkinson and Hammersley, 2007). 

1.7.4. Positivism and evidence-based medicine   

The positivist research paradigm involves the testing of theories in artificial settings through 

experimental trials or through statistical control. This paradigm contradicts the belief of the 

naturalism paradigm which suggests actions should be observed in their natural settings. RCT 

methods traditionally belong to the postitivist paradigm, which is the belief that the best way to 

generate knowledge is through the use of standardised quantitative methods which can be 

replicated. In the 20th century, quantitative statistical methods developed rapidly which increased 

the popularity of positivist methods (Atkinson and Hammersley, 2007). In the second half of the 20th 

century, positivist methods continued to grow in popularity. There was a call in the discipline of 

medicine, for all evidence to be derived from positivist methods such as RCTs and systematic 

reviews which involve the testing of hypotheses through physical control, and standardised and 

replicable methods (Cochrane, 1972). Advocates of this new belief in what constituted óreliable 

knowledgeô claimed a new paradigm in medical practice was emerging and called this paradigm 

óevidenced-based medicineô (Guyatt et al., 1992). Prior to conducting this PhD I had not been 

involved in any clinical trials. That is to say, the Co-PARs and SLaMM trials provided me with the 

opportunity to gain practical experience in how experiments are set up and delivered in practice. 

Through my employment as a Research Assistant, I had been involved in a number of systematic 

reviews in the field of public health. I therefore understood the value of generating evidence from 

more positivist research methods such as systematic reviews which gather data from a large 

sample of studies through a structured and replicable process.  
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1.7.5. Multidisciplinary working and pragmatism  

My masters degree and employment in public health, introduced me to the idea that 

multidisciplinary and pragmatic research methods can improve our understanding of public health 

and health inequity. A recurring piece of literature discussed throughout my masters degree was 

the Marmot Review (2010). This review furthered my interest in inequity and made me aware of the 

relationship between the four major lifestyle diseases in the UK (one of which included physical 

inactivity) and socioeconomic status. In relation to my existing multidisciplinary experience, for 

masters degree I studied a broad range of disciplines including modules in statistics, epidemiology, 

public policy, health economics, sociology and psychology. This made me aware of how the data 

which is generated to improve our understanding of a public health challenge such as physical 

inactivity, can depend on the type of disciplines and research methods used to evaluate the public 

health problem. For example, through my masters I learnt that epidemiological methods 

traditionally study trends across time, places and people, and that psychology methods traditionally 

test hypotheses in artificial settings. This helped me recognise that these two different approaches 

will lead to different types of knowledge being generated. Moreover, through my public health 

employment I learnt more about mixed methods research and how it has an important role in 

addressing public health challenges. More specifically, I gained practical experience of triangulating 

qualitative and quantitative data and seeing how the two different methods can be complementary. 

As I was aware of the strengths of a multidisciplinary approach to addressing public health 

challenges, this PhD project aligns with the pragmatic paradigm. This means that the research 

methods I select to use throughout this thesis are be those which I believed are most appropriate 

for the research question and the context in which they are being applied (Johnson and 

Onwuegbuzie, 2004).   

 

1.7.6. Reporting the development of the framework   

John and Smith (2017) argue that one of the key contributions of anthropology is its generation of 

descriptive ethnographic data which documents and provide explanations on how and why actions 

occur. Throughout this thesis I have reported ethnographic data in the form of reflection boxes. The 

reflection boxes provide insight into how and why I have developed my systematic framework in a 

particular way. Reflective content has been be based on the notes I make in the ófieldô during my 

PhD project. The ófieldô in this context will refers to the everyday observations and interactions I 

had. These interactions include the informal meetings I had with stakeholders associated with my 

PhD, namely the researcher team linked to my PhD project (e.g. my supervisory team and the 

other postgraduate researchers), the health economists from Deakin Universityôs Health 

Economics group (Australia), and the staff from the local authority, leisure centres and workplace 

company in which my two trials were set.  

1.8. Aim of PhD 

The overarching aim of the PhD was to develop a multidisciplinary and pragmatic framework to 

support researchers from multiple disciplines to conduct economic evaluations of individual-level 

PA and SB interventions. These multiple disciplines include those involved in addressing the 

challenge of physical inactivity, namely: physiologists, psychologists, public health professionals 
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and trialists. Whilst the framework will be intended for researchers with limited or no specialist 

training in health economics, the framework may also be of use to health economists seeking a 

standardised approach to economic evaluation of individual-level PA and SB interventions. The 

three key objectives in order to achieve this aim were to: 

1) Conduct a systematic review of existing economic evaluations of individual-level PA and 

SB interventions in order to explore how analysts have addressed four key methodological 

challenges, which are regarded as being unique to the conduct of economic evaluations of 

public health interventions (Study 1, Chapter 2). 

2) Develop an initial framework which draws on good-quality methods identified from the 

systematic review (Chapter 3) 

3) Pilot the initial framework concurrently in two individual-level trials, with the aim of: 

i. Reflecting on the applicability of the framework to a PA trial (Study 2, Chapter 4) 

and SB trial (Study 3, Chapter 5) 

ii. Providing evidence on the cost-effectiveness of a PA on referral scheme 

intervention (Study 2, Chapter 4) and a workplace SB intervention (Study 3, 

Chapter 5) 

Chapter 6 synthesises the empirical findings from the studies 1-3 in order to recommend a refined 

version of the framework, make recommendations for future research, and consider implications for 

policy and practice. Figure 1 shows how each objective feeds into the subsequent studies and 

chapters. 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Structure of PhD
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2.1. Introduction 

Despite recommendations for economic evaluations to become routine within public health 

interventions (Kelly et al., 2005) cost-effectiveness information on PA and SB interventions remains 

scarce (Abu-Omar et al., 2017). One reason for this lack of analysis may be due to the lack of 

guidance and multidisciplinary efforts to inform analysts on how to conduct economic evaluations in 

the field of public health (Davis et al., 2014). Economic evaluations of public health interventions 

are subject to four key methodological challenges identified and described in former reviews (Hill et 

al., 2017, Alayli-Goebbels et al., 2014, Weatherly et al., 2009) as: attribution of effects; measuring 

and valuing outcomes; identifying intersectoral costs and consequences; and incorporating equity.  

The first review to explore the economics of public health was conducted by Weatherly et al. 

(2009). These authors were the first to specify and name the four key methodological challenges 

for public health economic evaluations. The authors identified the four challenges after reviewing 

five reviews which discussed the economics of public health. The inclusion criteria for the review by 

Weatherly et al. (2009) was broad as it included economic evaluations from 11 public health areas. 

That said, the authors only reviewed studies published between 2000-2005. In total, 154 NHS 

Economic Evaluation Database (NHS EED) abstracts were examined, of which 53 related to the 

field of obesity and PA. The study identified four studies (3%) which claimed to be CBA, but the 

review authors reported that after further examination these were not CBAs but three CCAs and 

one CUA. Overall, the review authors claimed they gained little insight on how to address the four 

methodological challenges for public health studies. 

The review by Alauli-Goebbels et al. (2014) refers to methodological challenges identified by 

Weatherly et al (2009) and also assesses methodological quality of the studies. Furthermore, the 

review focuses on six key behaviour change areas: smoking, PA, dietary behaviour, drug use, 

alcohol use and sexual behaviour. The authors carried out their searches in 2009 and identified 

142 eligible studies which had been published between 1981-2009. Seventeen of these studies 

assessed PA. The authors reported that an overarching finding from their review was that that the 

studies do not always report sufficient details around the methods and study design they used. 

They explain that this made it difficult to see how studies had handled the methodological 

challenges. In relation to PA, the authors reported identifying studies which commented on 

psychological wellbeing being a broader outcome of PA interventions, however they reported that 

analysts did not incorporate this outcome into their economic evaluations.  

The study by Hill et al. (2017) reviewed 27 economic evaluations and priority-setting studies in the 

field of alcohol prevention, published between 2006-2016. The reviewers concluded that studies in 

the field of alcohol prevention are not addressing the methodological challenges unique to public 

health challenges. They found that most studies did not consider: long-term outcomes, wider 

perspectives or equity. They also reported a lack of CBA, CCA and priority setting studies. That 

said the reviewers did identify one CBA study, although they report that the authors of the CBA do 

not explain how they monetised the health benefits included in the analysis.  
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Overall, all three reviews explore the empirical evidence to see how the methodological challenges 

associated with public health are being addressed in practice. A key observation, is that all three 

reviews discuss how the studies do not provide sufficient detail on the methods they carried out. 

Although the study by Hill et al. (2017) looks at these challenges more recently, they focus on 

alcohol prevention. That is to say, there has been no review published on the methods used in PA 

economic evaluations since Alauli-Goebbels et al. (2014) conducted their searches in 2009. Since 

2009 there has been several reporting guidelines published in the fields of trial methodology 

(Schulz et al., 2010), intervention design (Hoffmann et al., 2014), economic evaluation (Husereau 

et al., 2013) and equity (Welch et al., 2017). That is to say, if authors are now required to report 

more detail on the methods they have used, this data has the potential to improve our 

understanding on the four methodological challenges can be addressed in PA-related studies. The 

four methodological challenges are described in greater detail in the subsequence sections. 

2.1.1. Challenge 1: Attribution of effects 

Randomised controlled trials (RCTs) are the gold standard for evaluating the effectiveness of an 

intervention. RCTs alone are however insufficient to inform long-term investment decisions in 

health systems aiming to be sustainable. This is because conducting experimental studies such as 

RCTs over many years or decades is likely to be resource intensive from both the research funder 

and participantôs perspective. Attrition from the trial and insufficient funding is inevitable. Yet, the 

greatest health outcomes and cost savings attributable to PA and SB interventions do not typically 

manifest until decades after an intervention has taken place.  Due to this long pay-back time 

(Wanless, 2004), it is recommended economic evaluations link up trial-derived intermediate or 

surrogate outcomes with additional sources of evidence (e.g. observational studies) (Ramsey et al., 

2015). 

2.1.2. Challenge 2: Measuring and valuing outcomes  

Previous PA studies have used different outcomes, or have classified the same type of outcomes 

in different ways, which makes it challenging to meaningfully use cost-effectiveness results and 

compare interventions (Abu-Omar et al., 2017). This is likely to be because PA and SB 

interventions are associated with a broad range of outcomes, many of which are not captured in 

evaluations that conduct just one type of valuation analysis. Furthermore, many broader important 

and relevant outcomes such as improved wellbeing or someoneôs ability to return to work are 

difficult to assign a monetary value, as they do not have a market price (Weatherly et al., 2014).  

2.1.3. Challenge 3: Identifying intersectoral costs and consequences 

Many PA and SB interventions take place outside of the healthcare setting, necessitating a time 

and equipment commitment from intervention participants and providers (which has an opportunity 

cost). Moreover, PA and SB interventions are complex, impacting on multiple sectors 

simultaneously (Dahlgren and Whitehead, 1991). Therefore, it is important to consider the impact 

of these interventions on other stakeholders including public sector agencies beyond the health 

sector, private individuals and the voluntary sector (Weatherly et al., 2014, Weatherly et al., 2009). 

Yet, as there is no universal definition for each perspective type, the costs and consequences 
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deemed relevant for inclusion in the analysis is primarily analyst-dependent (Husereau et al., 

2013). 

2.1.4. Challenge 4: Incorporating equity  

A key objective in public health is to reduce inequity, meaning inequalities that are avoidable, but 

have not yet been avoided and are therefore unfair (Marmot and Allen, 2014). By contrast, a key 

objective in economic evaluation is to maximise efficiency across the whole population (Weatherly 

et al., 2014). If authors fail to acknowledge equity by not adapting their existing economic analysis 

approach, it is not transparent which socio-economic group have gained or lost out due to a 

resource allocation decision. Until the recent publication by Cookson et al. (Cookson et al., 2017) 

recommendations on how to incorporate equity have been limited within international and national 

guidelines for economic evaluation (Sanders et al., 2016, Ramsey et al., 2015, NICE, 2014a, 

Husereau et al., 2013). Approaches for incorporating equity into the analysis described by Cookson 

et al. (2017) include: equity impact analysis, equity constraint analysis and equity weighting 

analysis. 

2.1.5. Aim 

In an attempt to learn how the four challenges outlined above have been addressed in practice, this 

systematic review aims to provide an overview of the methods used in economic evaluations of PA 

and SB interventions since 2009. Alayli-Goebbels et al. (2014) and Weatherly et al. (2009) 

reviewed the methods reported in economic evaluations of a range of public health areas including 

17 and 26 PA economic evaluations published up to 2005 and 2009, respectively, but the reviews 

found little insight from the empirical evidence. Economic evaluation is a rapidly developing field 

especially with the growth of decision-analytic modelling and the economic evaluation reporting 

standards (Drummond et al., 2015b, Ramsey et al., 2015). Accordingly, there is a strong rationale 

to provide an update on methods carried out since 2009. 

2.2. Methods 

2.2.1. Information sources and search strategy 

A comprehensive search took place across six electronic databases that host reports from the 

medical and economic field (Medline via Ovid; SPORTSDiscus, EconLit and PsycINFO via 

EBSCOHost; NHS EED and HTA via the Cochrane Library). The database NHS EED stores 

records up to April 2015, thus searches in this database went up to 2015 only. Additional, 

supplementary searching was performed: key websites were searched for studies that included 

specific free text terms: óPAô, óSBô, óeconomicô and ócostô; reference lists of two relevant systematic 

reviews (Gc et al., 2016, Wu et al., 2011) were hand searched; and protocols that met the majority 

of the eligibility criteria were used to search for completed studies via online searching and 

contacting the authors. An example of the full electronic search strategy for Medline is provided in 

Appendix A.1. This search was replicated for all databases, with amendments made as appropriate 

to align terms with individual database index terms.  

2.2.2. Study selection 

The protocol for this review can be retrieved from the PROSPERO database for registered 

systematic reviews (registration number CRD42017074382). Full economic evaluations of 
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interventions targeting individuals aged 16 years or over, who are defined as being physically 

inactive or sedentary, were eligible for inclusion in the review. Population level interventions were 

excluded as well as protocols. Eligible studies needed to capture PA and SB at two or more time 

points to observe if a change in behaviour has occurred. Comparators could be any alternative 

intervention including no intervention. Interventions and comparators targeting multiple behaviours 

such as PA and diet were excluded unless the multiple behaviours were PA and SB. Both trial and 

model based economic evaluations were eligible. Letters to editors and conference briefings were 

excluded. Both published and unpublished ógreyô literature were included. Abstracts where the full 

text could not be retrieved were excluded. Only English language studies were included due to the 

restricted language skills of the reviewers available. Eligibility criteria was applied during both 

screening phases. The present systematic review identifies and discusses studies published from 

January 2009 to March 2017. In addition, a rapid systematic scoping search was performed in 

Medline to understand whether new studies had been published in this area from March 2017 to 

January 2019. Details on methods of the scoping search are not discussed below, rather they are 

presented in Appendix A.2. 

2.2.3. Screening 

During the title and abstract screening phase two reviewers (first author, seventh author) screened 

10% (n=612/ 6,123) of the studies and there was a disagreement rate of 2.94% (n=18). Reviewers 

discussed the disagreements and resolved them without the need to seek the expertise of a third 

reviewer. Reviewer one (first author) went on to screen the rest of the studies, informed by the 

disagreement discussions. Similarly, during the full text screening phase reviewer two (seventh 

author) screened 10% (n=15/ 153) of the studies. There was disagreement for 33.33% (n=5) of the 

studies. The reviewers discussed the disagreements and again a consensus was met without the 

need for a third reviewer. Figure 2 shows an overview of the study selection process. 

2.2.4. Data extraction 

A data extraction form was developed based on the items featured on the Consolidated Health 

Economic Evaluation Reporting Standards (CHEERS) checklist (Husereau et al., 2013). The form 

was piloted independently by two reviewers (first author, seventh author) on two (10%) randomly 

selected studies. Following discussions the form was shortened, and items relevant to the four 

methodological challenges, and key study characteristics were retained. Following the piloting 

stage, the first reviewer extracted data for the remaining studies. A template of the final data 

extraction form is provided in Appendix A.3. It was not necessary to request additional information 

from the study authors.  

2.2.5. Quality assessment 

Drummondôs 10-item checklist was selected as it is one of the most widely used quality 

assessment tools (Drummond et al., 2015b). A component approach was used when applying the 

checklist in Appendix A.4. This approach is advocated in the PRISMA statement and entails 

assessing each item individually rather than generating a summary score (Liberati et al., 2009). 

Two reviewers (first author, seventh author) independently conducted the quality assessment for 

10% (n=2/ 15) of the included studies. Disagreement was limited to item 6 (Item 6: Were costs and 
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consequences valued credibly?) on the checklist, examples in Drummond et al. (2015b) were 

consulted to overcome these disagreements. Practical application of item 10 (Item 10: Did the 

presentation and discussion of study results include all issues of concern to the users?) was 

challenging due to the limited guidance, thus findings from this question are less informative. Alayli-

Goebbels et al. (2014) also experienced this barrier in an earlier version of the checklist.  

2.2.6. Method of analysis 

The published narrative synthesis framework by Popay et al. (2006) guided the analysis to ensure 

a transparent and systematic approach was performed. The narrative synthesis in this review goes 

beyond describing how authors have addressed each of the four challenges by attempting to 

explain why specific approaches have been chosen. The analysis was an iterative process. A priori 

analysis involved tabulating the data and producing bar charts on key study characteristics: study 

design, time horizon, valuation technique, study perspective and explicit/ implicit equity analysis. 

The same study characteristics were focused on in the two former methodological reviews 

(Weatherly et al., 2009, Alayli-Goebbels et al., 2014). The wider literature also indicated that the 

following contextual factors were important to review when understanding an analystôs approach: 

intervention setting, country and year of publication. Additional ad hoc analyses were performed 

where trends became apparent. Lastly, the strength of the narrative synthesis and the conclusions 

derived from it were considered by reflecting on the quantity of studies and results of the quality 

assessment.  

2.3. Results 

A total of 15 economic evaluations (17 publications) were included in the review (Figure 2). 

Searching across Medline, SPORTSDiscus, EconLit, PsychINFO, NHS EED and HTA databases 

retrieved 7,063 records. Supplementary searching retrieved six additional records including: two 

records from hand searching on key websites, two from the reference list of a systematic review 

(Gc et al., 2016), and a further two from searching for the completed studies of two protocols (Kolt 

et al., 2009, de Vries et al., 2013) in Appendix A.5. After removing duplicates 6,129 records 

remained of which a further 5,907 records were removed as title and abstracts did not meet the 

eligibility criteria. During the full text screening, 159 citations were examined in further detail, of 

which 142 studies were excluded. Reasons are outlined in Figure 2.  
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Figure 2. PRISMA flow diagram representing study selection process 

2.3.1. Study characteristics 

Of the 15 studies, ten were single trial-based economic evaluations and five were model-based; no 

studies were single trials that had extrapolated or modelled their results. Table 1 provides an 

overview of study characteristics for the trial- and model-based studies respectively. Studies are 

arranged by country followed by year of publication. Interventions were set in primary care, 

community and the home, and setting did not appear to be related to intervention type or country. 

As shown in Table 1, no studies targeted SB as an independent risk factor from PA. The range of 

interventions was limited to the following types: PA programme/ on prescription in primary care 

(n=9); brief advice in primary care (n=2); home-based informational advice (n=1); PA in a physical 

therapy setting (n=1); and fall prevention programme in both primary care and the home (n=1). The 

remaining study compared strategies for recruiting to PA interventions in primary care. The overall 

range of adult-based interventions matches the narrow range identified in a recent review of 

reviews focussing on the economic results of PA interventions (Abu-Omar et al., 2017). Studies 

came from four high-income countries. More than half (n=8) of the 15 studies came from the UK, 

with the remaining coming from New Zealand (n=3), the USA (n=2), and the Netherlands (n=2) 

(Table 1).  

2.3.2. Quality assessment 

Overall, studies performed well against Drummondôs 10-item quality assessment checklist 

(Drummond et al., 2015b) in Appendix A.4. Nevertheless, six studies scored óNoô on at least one 

item: two studies did not state their perspective (item 1); three studies did not include all costs and 

consequences relevant to their stated perspective (item 4); one study did not discount its costs and 

consequences (item 7); and one study did not report their price source (item 6). Interpretation on 

whether item 4 was met by any of the ten trial-based economic evaluations who captured costs and 

outcomes at two years or less is up for debate. It could be argued that not all important and 

relevant costs and consequences can be identified for studies, which do not take a systems 
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approach (e.g. if they do not consider the impact on the wider system in which an intervention is 

being implemented nor capture the long-term impact) (Rutter et al., 2017, Squires et al., 2016). In 

order to align with other reviews which have used Drummondôs checklist, the quality assessment 

results for item 4 were based on the checklistôs accompanying guidance (Drummond et al., 2015b). 

Costs and consequences identified, measured and valued are discussed in greater depth in the 

subsequent sections. 



 
 

Table 1. Overview of economic evaluations. 

Trial-based economic evaluations 

Study &  

Year of 

publication 

Stated 

perspect

ive  

Country Population targeted Sampl

e size 

Intervention  Comparator Setting Valuation 

technique 

Iliffe et al. 

2014 

Health 

sector 

UK Inactive Ó65 years old 

who had fallen less 

than times in the 

previous 12 months 

100 Falls Management 

Exercise Programme 

(Weekly group 

exercise class & 2 

home-based exercise 

sessions) 

Usual care (no 

intervention);  

Otago Exercise 

Programme  

Primary 

care & 

community 

(as Home-

based) 

CEA 

Edwards et al. 

2013;  

Murphy et al. 

2012 

Multi-

agency 

public 

sector  

UK Sedentary, and over 

16 years, with risk 

factors for coronary 

heart disease, or mild 

to moderate anxiety, 

depression or stress. 

798 ERS (primary care) Information leaflet 

only 

Primary 

care 

CUA 

Boehler et al. 

2011 

Health 

sector 

UK Inactive adults, 16 to 

74 years old 

46 Opportunistic 

recruitment strategy 

for PA interventions  

Disease register 

strategy; Hypothetical 

no intervention 

strategy 

Primary 

care 

CEA 
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Shaw et al. 

2011 

Not 

reported 

UK Inactive, adults (age 

not defined) 

79 Individualised walking 

programme: a 

pedometer and a 30-

min consultation  

Individualised walking 

programme: a 

pedometer, but and 5 

min brief advice 

Primary 

care 

CEA 

Larsen et al. 

2015 

Payer USA Inactive Latina women, 

18-65 years old 

266 Home print-based 

mail-delivered MVPA 

intervention 

linguistically and 

culturally adapted for 

Latinas 

Wellness contact 

(information on health 

topics excluding 

MVPA) 

Home-

based 

CEA 

Young et al. 

2012 

Societal  USA Women, following 

coronary artery bypass 

surgery  

40 Symptom 

management 

intervention delivered 

by telehealth device 

to improve the PA 

level  

Usual care, 2 week 

follow up call by the 

primary providers and 

cardiac specialists 

Community CEA 

de Vries et al. 

2016 

Societal  

 

Netherlands Sedentary adults (or at 

risk of losing active 

lifestyle in near future) 

with mobility problems, 

Ó70 years old 

130 Patient-centred 

physical therapy  

Usual care for 

physical therapy, less 

patient-centred 

Physical 

therapy 

setting 

CUA 
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Maddison et 

al. 2015 

Not 

reported 

New Zealand  Ó18 years old with 

diagnosis of IHD within 

previous 3- 24 months.  

171 Exercise prescription 

and behavioural 

support by mobile 

phone text messages 

and internet  

Usual care 

(participation in usual 

Cardiac 

Rehabilitation e.g. 

education session 

and psychological 

support) 

Home-

based 

CEA; CUA 

Leung et al. 

2012 

Public 

health 

system 

and 

participa

nt  

New Zealand Inactive adults, Ó65 

years old 

330 Pedometer-based 

prescription, focus 

was on step-related 

goals  

Green prescription, 

focus was on PA 

time-related goals 

Community CEA; CUA 

Elley et al. 

2011 

Societal  New Zealand Inactive, 40- 74 years 

old 

974 Enhanced green 

prescription, 10 min of 

brief advice and a 

written exercise 

prescription with 

telephone support at 

9 months and 30min 

face-to-face support 

at 6 months. 

Usual care from GP 

(not standard green 

prescription, usual 

care from GP not 

defined) 

Primary 

care 

CEA 
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Model-based economic evaluations 

Study &  

Year of 

publication 

Stated 

perspect

ive  

Country Population 

targeted 

Model type & 

size of 

simulation 

cohort 

Intervention  Comparator Setting Valuation 

technique  

Campbell et 

al. 2015 

Health 

Sector 

UK Sedentary 

adults, Ó50 

years old 

Markov model 

(100,000 

simulation 

cohort) 

ERS (primary care) Usual care (refers to 

Pavey et al. 2011ôs 

definition) 

Primary care CUA  

Anokye et al. 

2012; Anokye 

et al. 2014  

Health 

sector; 

Health 

sector 

and 

participa

nt for 

CCA 

UK Inactive, 

Ó33 years 

old 

Markov model 

(100,000 

simulation 

cohort) 

Brief Advice (primary 

care) 

Usual care (no  

intervention) 

Primary care CUA (and 

CCA) 

Anokye et al., 

2011 

Health 

sector  

UK Sedentary 

adults, 40-

60 years old 

Decision tree 

model (1,000 

simulation 

cohort) 

ERS (primary care) Usual care (refers to 

Pavey et al. 2011ôs 

definition) 

Primary care CUA 
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Pavey et al. 

2011 

Health 

sector 

CUA; 

Partial-

societal 

for CCA 

UK Sedentary 

adults, 40-

60 years old 

Decision tree 

model (1,000 

simulation 

cohort) 

ERS (leisure centre) Usual care (no 

active ingredient- 

PA advice or 

leaflets) 

Leisure-

centre  

CUA (and 

CCA) 

Over et al. 

2012 

Health 

sector 

Netherlands Inactive, 20- 

65 year olds 

Markov model 

(100,000 

simulation 

cohort) 

GP pedometer 

prescription, 

counselling combined 

with pedometer use 

Usual care (no 

intervention) 

Primary care CUA 

 ERS: Exercise Referral Scheme; GP: General Practitioner; MVPA: Moderate-to-vigorous PA; CEA: cost-effectiveness analysis; CUA: Cost-utility analysis 



 
 

2.3.3. Challenge 1: Attribution of effects 

Two thirds (n=10) of the studies in this review, all trial-based, did not compare the costs and 

consequences of the comparator groups beyond the trial follow up period (Table 2). More 

specifically, one study compared costs and consequences over a two-year period (Elley et al., 

2011), the remaining nine had a time horizon of 12-months or less. For six of these studies, authors 

referred to their short time horizon as a limitation of their study (de Vries et al., 2016, Leung et al., 

2012, Boehler et al., 2011, Larsen et al., 2015, Edwards et al., 2013b, Shaw et al., 2011). For 

instance, it precluded the incorporation of any potential long-term healthcare savings (Larsen et al., 

2015). Just one study suggested future modelling exercises could be used to address this 

challenge (Edwards et al., 2013b). Yet, for Shaw et al. (Shaw et al., 2011) a short-time horizon was 

justified as they reported there was insufficient data to extrapolate their results over the 

participantsô lifetime.  

By contrast, all five model-based studies extrapolated a pooled trial-derived effectiveness estimate 

over the rest of the participantsô lifetime; bridging the gap between the short- and long-term 

evidence (Table 2). Nevertheless, the assumptions underpinning the model-based studies varied 

considerably. Two studies (Anokye et al., 2011, Pavey et al., 2011b) made large assumptions 

unsupported by evidence about the duration of the effect, assuming that any short-term change in 

PA observed in the trials 6-12 months after the intervention, would be long-lasting. Over et al. 

(2012) employed a different approach by extrapolating an effect estimate, observed at 18 weeks, 

over a 40-year time horizon (the life expectancy of the participants). The authors assumed that only 

25% of the effect recorded at 18 weeks would remain over the 40-year time horizon; they too 

reported that their assumptions were unsupported by evidence. These findings demonstrate how 

studies will vary according to the assumptions made. It is therefore important that end-users of 

cost-effectiveness results check they agree with the assumptions that underpin the economic 

evaluation. 

Assumptions underlying the two other model-based studies (Campbell et al., 2015a, Anokye et al., 

2012) were supported by three robust cohort studies. Campbell et al. (2015a) replicated Anokye et 

al.ôs (2012) approach. More specifically, they linked the short-term change in PA level observed in 

trial data, with Hu et al.ôs (2007, 2003, 2005) cohort studies that followed a group of active and 

inactive individuals for a duration of at least 10 years to predict how their activity levels and risk of 

disease changed over time. Anokye et al. (2012) explain how their identification and use of the 

cohort studies has strengthened previous modelling attempts in the field of PA. Campbell et 

al.(2015a) reported this approach has enabled more conservative assumptions to be made around 

changing PA levels and disease development over time. 

 



 
 

Table 2. Time horizon and types of outcomes compared to costs 

Trial-based economic evaluations 

Study &  

Year of publication 

Time 

Horizon (trial 

follow up) 

Types of outcomes compared to costs per valuation technique 

Larsen et al. 2015 Trial 

duration (12 

months) 

CEA: Cost per minute of increase in PA 

Iliffe et al. 2014 Trial 

duration (12 

months) 
 

CEA: Cost per participant reaching or exceeding 150 minutes of moderate-to-vigorous PA per week  

Young et al. 2012 Trial 

duration  (3 

months) 

CEA: Cost per incremental change in daily estimated energy expenditure;  

 

CEA: Cost per the incremental change in minutes spent on moderate-to-vigorous activity 

Elley et al. 2011 Trial 

duration (24 

months;   12 

months) 

CEA: Cost per participant achieving 150 minutes of moderate intensity activity per week 

Boehler et al. 

2011 

Trial 

duration    (3 

months) 

CEA: Cost per participant achieving 150 minutes of moderate intensity activity per week 
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Shaw et al. 2011 Trial 

duration (12 

months) 

CEA: Cost per additional person achieving the target of a weekly increase of Ó 15,000 steps. 

Maddison et al. 

2015 

Trial 

duration (24 

weeks /      

[6 months]) 

CEA: Cost per MET-hour of walking and leisure activity;  

CUA: Cost per short-term QALY gain 

Leung et al. 2012 Trial 

duration (12 

months) 

CEA: Cost per 30 minutes of weekly leisure walking;  

CUA: Cost per short-term QALY gain 

 

de Vries et al. 

2016 

Trial 

duration   

(6 months) 

CUA: Cost per short-term QALY gain 

 

Edwards et al. 

2013;  

Murphy et al. 2012 

Trial 

duration (12 

months) 

CUA: Cost per short-term QALY gain 
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Model-based economic evaluations 

Study &  

Year of publication 

Time 

Horizon (trial 

follow up) 

Types of outcomes compared to costs per valuation technique 

Campbell et al. 

2015 

Lifetime CUA: Cost per short-term QALY gain (mental health gain); Cost per QALYs associated with coronary heart 

disease, stroke, type 2 diabetes due to reduced risk for developing these health states 

Anokye et al. 

2012; Anokye et 

al. 2014  

Lifetime CUA: Cost per short-term QALY gain (mental health gain); Cost per QALYs associated with coronary heart 

disease, stroke, type 2 diabetes due to reduced risk for developing these health states 

CCA: Same outcomes outlined below for Pavey et al.ôs (2011) CCA 

Anokye et al., 

2011 

Lifetime CUA: QALYs associated with coronary heart disease, stroke, type 2 diabetes due to reduced risk for developing 

these health states 

Pavey et al. 2011 Lifetime CUA: Cost per short-term QALY gain (mental health gain); Cost per QALYs associated with coronary heart 

disease, stroke, type 2 diabetes due to reduced risk for developing these health states 

CCA: Mental health (anxiety), Mental health (depression), Metabolic diabetes, Colon cancer, Breast cancer , 

Lung cancer, Hypertension (cardiovascular), Coronary Heart Disease, Stroke, Musculoskeletal (Osteroporosis), 

Musculoskeletal (Osteroarthritis), Lower back pain, Rhumatoid arthritis, Falls prevention, Absenteeism at work, 

Injury (disbenefit), Disability 

Over et al. 2012 Lifetime CUA: QALYs associated with myocardial infarction, stroke, diabetes, colorectal cancer, breast cancer due to 

reduced risk for developing these health states 

RCT: randomised controlled trial; cRCT: cluster randomised controlled trial; CEA: Cost-effectiveness analysis; CUA: Cost-utility analysis; CCA: cost-consequence analysis; 

MET: Metabolic Equivalent of Task 



 
 

2.3.4. Challenge 2: Measuring and valuing outcomes 

No studies in this present review conducted a cost-benefit analysis (CBA), despite health 

economists (Drummond et al., 2015b) stating this approach is superior to cost-utility analysis (CUA) 

(Drummond et al., 2015b). Recent UK and US guidelines recommended that studies report a broad 

range of outcomes alongside their economic analyses, through the use of approaches such as 

CBA, cost-consequence analysis (CCA) or an impact inventory (Sanders et al., 2016, NICE, 

2014a). Two studies (Anokye et al., 2012, Pavey et al., 2011b) included a CCA conducted 

alongside a CUA. A broad range of health outcomes were included in their CCA (Table 2) yet the 

only non-health outcome reported was absenteeism. 

Two thirds (n=11) of the studies presented just one type of valuation technique, either a CUA (n=5) 

or cost-effectiveness analysis (CEA) (n=6) (Table 2). Table 2 demonstrates further how despite 

having the same aim to increase PA levels and same valuation technique, the way results are 

presented to the end-user are inconsistent. Young et al. (Young et al., 2012) performed two CEAs 

reporting on the ócost per incremental change in daily estimated energy expenditureô and ócost per 

incremental change in minutes spent on moderate-to-vigorous activityô. Three other studies (Iliffe et 

al., 2014b, Elley et al., 2011, Boehler et al., 2011) performed a different type of CEA reporting on 

ócost per participant achieving 150 minutes of moderate PA per weekô. The most common way to 

present the result of the valuation analysis was as ócost per short-term quality-adjusted life year 

(QALY) gainô. Nevertheless, this was reported for just under half (n=7) of the economic evaluations: 

four trial-based (Maddison et al., 2015, Leung et al., 2012, Edwards et al., 2013b, de Vries et al., 

2016) and three model-based (Campbell et al., 2015a, Anokye et al., 2012, Pavey et al., 2011b) 

studies. All model-based studies conceptualised the long-term gain in QALY in the same way, in 

terms of the QALYs gained due to not developing coronary heart disease, stroke or type 2 

diabetes, or experiencing premature mortality. Over et al.ôs (2012) analysis differed slightly, as they 

also included colorectal and breast cancer. 

Rationale for the inclusion and exclusion of trial-derived QALYs varied considerably. Shaw et al. 

(Shaw et al., 2011) argued against the inclusion of trial-derived QALYs in their analysis, explaining 

it would be unnecessarily restrictive since evidence already shows that PA is associated with a 

reduction in NCD and premature mortality, which in turn is associated with a much greater gain in 

QALYs than trial-derived QALYs. Three model-based studies (Campbell et al., 2015a, Pavey et al., 

2011b, Anokye et al., 2012) deemed it appropriate to incorporate both short-and long-term gain in 

QALYs. They conceptualised the short-term QALY gain as being a one-off gain in mental health, 

which they assumed would be achieved as a result of becoming physically active for at least 90 

minutes per week. They assumed the one-off mental health benefit would last for just one year, 

which they claimed was a conservative assumption. Campbell et al. (2015a) reported that their 

cost-effectiveness result was highly sensitive to the inclusion and exclusion of the one-off gain in 

mental health.  

 

2.3.5. Challenge 3: Identifying intersectoral costs and consequences 

The most commonly reported perspective was the health sector perspective (n=7) (Table 1). Six of 

the eight studies from the UK were from this perspective. In 2014, the UK reference case was 
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updated to recommend the public sector perspective when conducting economic evaluations of 

public health interventions (NICE, 2014a). The multi-agency public sector perspective adopted by 

Edwards et al. (2013b) reflects the start of this paradigm shift. Two more recent UK studies 

(Campbell et al., 2015a, Iliffe et al., 2014b) did not adopt a public sector perspective. Despite 

studies being conducted from the same perspective, the type of costs identified as relevant varied 

within and across countries and intervention type. This weakness was identified through the quality 

assessment (Item 4 on Appendix A.4), as five studies (Young et al., 2012, de Vries et al., 2016, 

Boehler et al., 2011, Maddison et al., 2015, Shaw et al., 2011) did not relate their costs to a study 

perspective. More specifically, two studies did not report their perspective (Shaw et al., 2011, 

Maddison et al., 2015) and three included a narrower range of costs and consequences than would 

be expected for their stated perspective (Boehler et al., 2011, Young et al., 2012, de Vries et al., 

2016). For example, two studies stated their study was from the societal perspective yet assessed 

only direct intervention costs and short-term healthcare savings (de Vries et al., 2016, Young et al., 

2012), which were the same costs as studies which stated taking a health sector perspective 

(Table 1) Weatherly et al. (2009) also found that many studies included only a narrow range of 

costs within their stated study perspectives.  

 

Figure 3. Cost categories identified across all 15 studies 

Figure 3 shows that seven cost categories were identified across all 15 included studies. Like the 

findings in this review, Alayli-Goebbels et al. (2014) found the most common type of cost reported 

was the intervention costs, followed by healthcare costs. Participant out-of-pocket expenses and 

productivity losses appeared in only a small proportion of studies in this review and Alayli-Goebbels 

et al.ôs (2014) review. Although most studies looked at both the direct and indirect costs of the 

interventions, only Edwards et al. (2013b) looked at the unintended productivity costs to the 

provider. More specifically, they examined whether the provider where the intervention was set (the 

leisure centre) experienced a loss in revenue, as a result of providing the intervention.  
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2.3.6. Challenge 4: Incorporating equity 

The two former reviews found that authors did not routinely consider equity in their analysis (Alayli-

Goebbels et al., 2014, Weatherly et al., 2009). Table 3 shows that all but one study (Shaw et al., 

2011) included in the present review did consider equity. All but one study (Edwards et al., 2013b) 

did this implicitly, conducting subgroup analyses of the cost-effectiveness result (n=6) or targeting 

the intervention at a population deemed in need of intervention (n=8). Edwards et al. (2013b) were 

the only authors to explicitly discuss equity and to consider socio-economic status in their equity 

analysis. They did this by asking participants from areas of different levels of deprivation about how 

much they would be willing to pay to participate in the intervention of interest; thus informing the 

reader about participantsô economic preferences. Notably this was an exploratory analysis and so 

the results were not incorporated in the CUA.  

Table 3. Types of equity considered 

Subgroup analyses of 

cost-effectiveness result 

Campbell et al. 2015 Pre-existing condition 

Pavey et al. 2011 Pre-existing condition 

Anokye et al. 2011 Pre-existing condition 

Edwards et al. 2013;  

Murphy et al. 2012 

Medical diagnosis 

Referral reason 

Adherence to scheme 

Gender 

Inequalities 

Age group 

Over et al. 2012 Age group 

Anokye et al.2012 ; 

Anokye et al. 2014 

Age group 

Intervention targeted at 

equity group 

de Vries et al.2016 Frail older adults with mobility 

problems 

Leung et al.2012 Older adults  

Iliffe et al. 2014 Older adults  

Boehler et al. 2011 Older adults  

Maddison et al. 2015 People with ischaemic heart 

disease 

Elley et al. 2011 Females 



 
 

59 
 

Young et al. 2012 Females 

Larsen et al. 2015 Latinas 

Willing to pay question Edwards et al. 2013;  

Murphy et al. 2012 

Socio-economic status (level of 

deprivation) 

 

Table 3 details the eight studies which targeted their intervention at a specific population group as 

well as the six studies that performed subgroup analyses of their cost-effectiveness result. Older 

adults was the most common equity subgroup targeted for intervention (de Vries et al., 2016, Iliffe 

et al., 2014b, Leung et al., 2012, Boehler et al., 2011), followed by females (Young et al., 2012, 

Elley et al., 2011). The most common subgroup analyses were on pre-existing condition/ medical 

diagnosis (Pavey et al., 2011b, Anokye et al., 2011, Edwards et al., 2013b, Campbell et al., 2015a) 

and age group (Edwards et al., 2013b, Over et al., 2012, Anokye et al., 2012). Edwards et 

al.(2013b) carried out seven types of equity analyses, all other authors conducted just one type. 

Furthermore, no studies attempted alternative equity analyses, such as an equity constraint or 

equity weighing analysis (Cookson et al., 2017).  

2.3.7. New studies  

The results of the rapid systematic scoping search are presented in Appendix A.2. In brief, four 

additional studies were identified as meeting the inclusion criteria of this review. Notably, one study 

(Gao et al., 2018) was an intervention targeting SB as an independent risk factor from PA. 

Furthermore, two studies (Gao et al., 2018; Harris et al., 2018) were both trial-and model-based 

economic evaluations, as the analysts had extrapolated their within-trial results a lifetime horizon. 

2.4. Discussion 

This review identified 15 economic evaluations of interventions that targeted physically inactive 

adults, and no economic evaluations of interventions that targeted sedentary adults (where SB was 

addressed an independent risk factor from PA). Like Abu-Omar et alôs (2017) review of reviews 

which focuses on the results of economic evaluations, this present review identified economic 

evaluations on a limited range of PA interventions (Abu-Omar et al., 2017). Studies came from just 

four high-income countries, with over half (n=8) coming from the UK. This points to an important 

evidence gap in countries where economic evaluations are deemed appropriate. Examining a 

countryôs traditional beliefs around personal responsibility, efficiency and equity can explain why 

countries such as France and Germany are low users of economic evaluations and can in part 

explain why no studies in this review originated from these countries (Torbica et al., 2018). 

Regardless of cultural and institutional differences, globally health economists agree economic 

evaluations of preventative interventions are expected to have an important impact on future 

healthcare decision-making (ISPOR, 2018). In order to answer upcoming complex public health 

challenges, researchers need to go beyond clinical effectiveness methods and use a 

multidisciplinary suite of methods (Rutter et al., 2017) which includes economic evaluation. A 

prerequisite for this is an understanding on how key methodological challenges can be addressed.  
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2.4.1. Challenge 1: Attribution of effects 

2.4.1.1. Modelling exercises 

All ten trial-based economic evaluations in this review had a short time horizon; meaning they did 

not attempt to extrapolate or model the long-term impact of the intervention which could be used to 

informer longer term investment decision making. Any future reduction in incidence of NCD and 

premature mortality, attributable to PA and SB interventions, is unlikely to manifest until decades 

after the intervention has taken place. Yet, evaluating these interventions over the wrong timeframe 

means these interventions may appear ineffective or markedly less effective; they are at risk of not 

being appropriately prioritised by policymakers (Rutter et al., 2017). Curative interventions that 

rescue people from very poor health to better health will continue to be favoured, even if they are 

less cost-effective overall. Alayli-Goebbels et al. (2014) had previously suggested modelling as a 

way to extend the time horizon of trial-based studies, yet none of the ten trial-based studies in this 

review performed any modelling exercises. The challenges which can preclude extrapolation 

include the availability of data, and time and skills of the analyst (Squires et al., 2016). 

2.4.1.2. Cohort studies 

Campbell et al. (2015a) and Anokye et al. (2012) were the only two studies in this review to identify 

additional evidence to link up their short- and long-term effect estimate. The three other model-

based studies claimed there was insufficient evidence to verify the accuracy of their assumptions 

(Pavey et al., 2011b, Anokye et al., 2011, Over et al., 2012). Notably, the cohort studies which 

Campbell et al.(2015a) and Anokye et al.(2012) draw on were published several years prior to the 

publication of the three other model-based studies. This suggests that the methodological 

challenge of óattribution of effectô may be more dependent upon the analystsô time and skills as 

opposed to the availability of data.  

2.4.2. Challenge 2: Measuring and valuing outcomes 

2.4.2.1. Cost-effectiveness and cost-utility analyses 

This review found large inconsistencies in the types of outcomes measured and valued. There is 

no agreed classification system for PA outcomes (Abu-Omar et al., 2017) since the analysis of raw 

objective accelerometer data measuring objective PA levels is still in its infancy. Presenting a 

limited range of results can reduce the applicability of the studyôs findings to other policymakers. 

Authorsô views also differed firstly on whether short-term QALYs should be included in the 

economic analysis, secondly on whether a short-term QALY gain represented a one-off gain in 

mental health or general functional health. Presently, within the economic literature the 

responsiveness of the EQ-5D-3L to detect important differences in the severity of health is being 

challenged, and had led to the development of the EQ-5D-5L, which measures health on five levels 

as opposed to just three (Glick et al., 2014). This review has shown that outcomes used in PA 

studies are diverse; therefore, there is a need for analysts to agree on a consistent outcome that 

best captures the objectives of a PA intervention.  

2.4.2.2. Cost-benefit and cost-consequence analyses 

No studies in this review performed a CBA and just two presented a CCA alongside their full 

economic evaluation. There is a lack of CBAs in other public health areas. Hill et al. (2017) and 
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Alayli-Goebbels et al. (2014) identified a small proportion of studies (n=1 and n=8 respectively) who 

reported conducting a CBA, but due to insufficient reporting gained limited insight into how these 

were performed such as how outcomes had been monetised (Hill et al., 2017, Alayli-Goebbels et 

al., 2014). Likewise, four studies claimed to be CBAs in the review by Weatherly et al.(2009), but 

after further assessment were re-classified as CCAs (n=3) and a CEA (n=1). Although classified as 

a partial-economic evaluation, CCA is a useful alternative to CBA since all relevant costs and 

consequences can be presented to the reader in the form of an inventory, rather than simplified 

into a single outcome measure or index as is the case in CEA and CUA, respectively. If an 

outcome is deemed relevant to the reader, they can reanalyse the data quantified in the CCA. 

However, CCA puts more onus on decision makers than CBA or CUA, as it does not roll outcomes 

into a summary measure that can be compared to a decision rule. An example of a decision rule in 

the UK is: invest where the incremental cost-effectiveness ratio is less than £30,000 per QALY 

(NICE, 2014a).  

2.4.3. Challenge 3: Identifying intersectoral costs and consequences 

2.4.3.1. Inconsistent perspectives 

The three most common perspectives stated were the health system, payer and societal 

perspectives. These match the three most commonly reported perspectives in the broader field of 

economic evaluation (Husereau et al., 2013). Only Edwards et al. (2013b) conducted their analysis 

from the public sector perspective, a perspective recently recommended in the UK reference case 

(NICE, 2014a). That said, Edwards et al. (2013b) did not incorporate participant costs in their CUA, 

only through an exploratory analysis. Only three studies considered the cost to the participant, 

which is not surprising since the health sector perspective was the most commonly stated 

perspective. Participant and voluntary sector costs are deemed important, but previously have not 

been routinely captured (Weatherly et al., 2009).  

It was found that even economic evaluations stated the same perspective did not always include 

the same costs and consequences. This is likely to be because there is a lack of standard 

definitions for the various perspective types (Husereau et al., 2013). Even where there are 

examples of standard definitions, such as those proposed by the Second US Panel on Cost-

Effectiveness in Health and Medicine (Sanders et al., 2016), not all economists agree with their 

definitions, and furthermore the definitions may not be applicable to other countries since there are 

distinct features of each health system (Torbica et al., 2018). For instance, deciding what costs and 

consequences to capture within a societal perspective is a normative question, requiring the 

analyst to make social value judgements (Drummond et al., 2015b). This is an important issue, 

since the exclusion of relevant consequences can lead to an underestimation of cost-effectiveness 

whilst the exclusion of relevant costs can lead to an overestimation of cost-effectiveness (Hill et al., 

2017). 

2.4.3.2. Cost categories identified 

The cost categories identified in this review match the five cost categories (healthcare services, 

intervention costs, patient and family costs, lost productivity costs, future costs) identified as most 

relevant for inclusion in economic evaluations, by health economists who recently took part in a 
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cross-Europe Delphi study (van Lier et al., 2017). This suggests analystsô choice in costs in this 

review align with analysts in the more general field of economic evaluation. It should be noted 

however that there was a difference in one of the categories, as family costs were not identified as 

a relevant cost category in the studies from this present review. Just two trial-based studies 

included absenteeism in their study; similarly only two of the model-based studies included it in 

their CCA. It continues to be debated in the literature as to whether absenteeism is an outcome of 

cost-offset, and thus whether it should be included in the numerator or denominator part of the 

incremental cost-effectiveness fraction (Drummond et al., 2015b).  

2.4.4. Challenge 4: Incorporating equity considerations 

2.4.4.1. Presenting results by subgroups 

Equity impact analysis can be as straightforward as presenting cost-effectiveness results by equity 

subgroups (Hill et al., 2017, Alayli-Goebbels et al., 2014, Weatherly et al., 2009). Six studies in this 

review presented an equity impact analysis (Campbell et al., 2015a, Pavey et al., 2011b, Anokye et 

al., 2011, Anokye et al., 2012, Over et al., 2012, Edwards et al., 2013b). The most common 

subgroup analysed was individuals with pre-existing medical conditions, nevertheless this analysis 

was performed in just four studies (Campbell et al., 2015a, Pavey et al., 2011b, Anokye et al., 

2011, Edwards et al., 2013b). Furthermore, only one study (Edwards et al., 2013b) conducted more 

than one type of equity subgroup analysis. These findings suggest analysts are not performing 

equity analyses in a comprehensive nor consistent manner. Weatherly et al. (2009) outlined socio-

economic status as an important under-researched equity issue in economic evaluations, however 

only one study in this review researched socio-economic status by asking participants about their 

willingness to pay for an intervention component (Edwards et al., 2013b). Incorporating equity into 

decisions on PA and SB interventions is especially important, since it is amongst the lower 

socioeconomic groups where physical inactivity is greatest (Organisation for Economic 

Cooperation and Development, 2015).  

2.4.5. New studies 

Overall, the four studies published since March 2017 did not change the narrative of this review 

since there remains a dearth of economic evaluations in the field of PA and SB. What the studies 

have demonstrated is that firstly, there is an indication that health economic methods have begun 

to be applied to targeted SB interventions (Gao et al., 2018). Secondly, that it is feasible and 

informative to extrapolate beyond the trial (Gao et al., 2018, Harris et al., 2018). 

2.4.6. Strengths and limitations 

This is the first systematic review conducted since 2009 to review the methods used in economic 

evaluations of interventions targeted at physically inactive individuals, and the first systematic 

review to search for economic evaluations targeting SB as an independent risk factor from PA. This 

review included comprehensive literature searching and a rigorous methodology in line with the 

PRISMA guidelines (Moher et al., 2009). Economic evaluations aim to inform resource allocation 

decisions (Drummond et al., 2015b). Previous reviews have demonstrated that key methodological 

challenges preclude economic evaluations in the field of public health from achieving this aim 

(Weatherly et al., 2009, Alayli-Goebbels et al., 2014). By focusing on PA and SB, this review has 
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been able to not just provide an overview on whether or not the four key methodological challenges 

have been addressed in the last decade, but crucially explain in greater depth the methods 

performed in those few studies where progress has been made.  

More specifically, progress has been observed in the 14 studies which have considered equity in 

their analysis (Table 3) and the small proportion of studies where: the long-term model presented 

has been informed by robust epidemiological evidence (Anokye et al., 2012, Campbell et al., 

2015a); all important and relevant costs and consequences have been outlined to the reader in the 

form of a CCA (Pavey et al., 2011b, Anokye et al., 2012); and/or a multi-sector perspective has 

been selected (Edwards et al., 2013b). An output from the narrative synthesis of this review is a 

number of recommendations (as outlined in Table 2.4) explaining how analysts can continue to 

make progress towards addressing the four methodological challenges. Although, the 

comprehensive search strategy only goes up to March 2017, a rapid systematic scoping search is 

presented which highlights four new empirical studies. Two of these studies (Harris et al., 2018, 

Gao et al., 2018) support the recommendations emerging from this review in terms of linking up the 

intermediate evidence with longer term policy relevant outcomes. 

It was not within the scope of this research to review the methods used in population-level 

interventions such as national policies or media campaigns. It would therefore be useful for future 

reviews to explore how economic evaluations are being carried out within this area. In addition, this 

review focuses on the methods conducted in full economic evaluations and so there is scope to 

review the methods used in partial evaluations. Nevertheless, full economic evaluations are 

deemed more informative than partial evaluations, and so it would have been expected that 

analysts would conduct for instance, a CCA alongside their full economic evaluation, as was done 

in two studies (Pavey et al., 2011b, Anokye et al., 2014) in this review.  

2.4.7. Recommendations  

Table  4  presents  a list of recommendations for researchers and users of economic evaluations 

from a variety of disciplines (health economics, public health, PA etc)  to refer to when designing, 

analysing and appraising economic evaluations of targeted PA and SB interventions.  

 



 
 

Table 4. Key recommendations for future economic evaluations 

Challenge 

 

Recommendation Explanation 

Challenge 1. Attribution 

of Effects 

Modelling It is necessary for public health researchers to invest time in reviewing the existing evidence base 

and develop novel modelling skills. Best practice guidelines state well established published models 

are preferred to those developed specifically for a trial (Ramsey et al., 2015). If skill and time permits, 

analysts can draw on the structure of the published models (Campbell et al., 2015a, Anokye et al., 

2012) identified in this review and adapt them according to the local decision-making context.  

Challenge 2. Measuring 

and valuing outcomes 

Cost-consequence 

analysis 

 

There is a need for further methodological developments in the monetisation of effects in CBAs 

(Drummond et al., 2015b, Sanders et al., 2016). In the meantime, it is deemed more appropriate to 

conduct a good quality CUA which may be of a narrower perspective, than a poor quality CBA which 

captures a broader perspective (Hill et al., 2017, Weatherly et al., 2009). In order to report on multiple 

outcomes which extend beyond health, a CCA or impact inventory conducted alongside a full 

economic evaluation is recommended (NICE, 2014a, Sanders et al., 2016). If the word limit in 

journals precludes authors from presenting a CCA in the main manuscript, they should present this 

information in the online supplementary material. 

Challenge 3. Identifying 

intersectoral costs and 

consequences 

 

Multi-agency public 

sector perspective 

+ participants 

perspective  

 

Three studies in this review omitted costs, which would typically be deemed relevant to their stated 

perspective, and two studies did not report their perspective. It is imperative for analysts to describe 

and justify the costs and consequences, which they have deemed relevant for their chosen 

perspectives (Husereau et al., 2013). Inevitably different assumptions on what costs and 

consequences are included in the analysis leads to different results (Sanders et al., 2016). 

Furthermore, future studies should aim to present at least two types of perspectives and conduct a 

CCA or impact inventory alongside their CUA or CEA in order to present the various relevant costs 

and consequences to the various relevant sectors (Weatherly et al., 2009, Sanders et al., 2016, 
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Alayli-Goebbels et al., 2014). A multi-agency public sector perspective where costs and 

consequences are presented in their disaggregated form (i.e. in a CCA) for each sector is preferred 

over stating a societal perspective (Drummond et al., 2015b, Hill et al., 2017). It is also recommended 

that future studies, specifically trial-based studies, capture economic information on time, travel and 

out-of-pocket expenses incurred by the participant. The participantôs perspective is important as the 

amount of time and expenses they invest may have an impact on the participantôs uptake, adherence 

and overall acceptability of the intervention. 

Challenge 4. 

Incorporating equity 

 

Equity impact 

analysis 

 

Analysts should present costs and consequences explicitly in their disaggregated form for various 

equity groups, so policymakers can start to build a better picture on which population groups gain and 

lose from a specific decision (Hill et al., 2017). From here, analysts can conduct an equity impact 

analysis. This type of analysis is deemed easier than conducting equity constraint or equity weighting 

analysis (Hill et al., 2017). The equity effectiveness loop framework (Welch et al., 2008) and 

PROGRESS-Plus framework (O'Neill et al., 2014) are recommended to help analysts consider, in a 

structured way, which equity factors may be relevant to their study (Alayli-Goebbels et al., 2014, 

Welch et al., 2017).   



 
 

 

2.5. Conclusions 

A focus on the key methodological challenges in economic evaluations is important, as they can 

impact on the derived cost-effectiveness result, which ultimately can impact on a policymakerôs 

resource allocation decision. As economic evaluation is a rapidly developing field (Drummond et 

al., 2015b) this systematic review has provided an important update on the most recent methods 

used in targeted PA interventions. The review has also highlighted there is a scarcity of economic 

evaluations for targeted SB interventions. Importantly, this review makes it explicit to policymakers 

and researchers from the varied disciplines in which PA and SB falls under, that there are still key 

methodological challenges that need further attention. This review has highlighted that 

methodological choices vary widely not just between countries but also within them. Ultimately, 

these analyst-based choices affect the results presented and subsequent resource allocation 

decisions made. A recent consensus statement has called for collaboration across the disciplines 

to develop guidance specific to the context of economic evaluations of PA interventions (Davis et 

al., 2014). To date, no guidelines have been developed to address this need. The examples of 

methodological development identified from the studies in this review and the resulting review 

recommendations can be used to inform future guidelines and their supplementary materials. In 

particular, they will be used to develop an initial outline of the framework, which will be presented in 

Chapter 3. 
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Chapter 3: Development of an initial systematic 

framework for economic evaluations of individual-level 

PA and SB interventions 
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3.1. Chapter aim 

The systematic review presented in Chapter 2 demonstrated how economic evaluations are being 

performed inconsistently across interventions of the same nature including those from the same 

country. Accordingly, a framework is needed to support multidisciplinary researchers conducting 

trial-and model-based economic evaluations (Davis et al., 2014). The aim of this chapter was to 

develop an initial multidisciplinary framework which can be used by researchers including those 

who have limited or no specialist training in health economics and would like to conduct economic 

evaluations of individual-level PA and SB interventions. The framework may also be of use as a 

guiding framework for health economists seeking a standardised approach to economic evaluation 

of individual-level PA and SB trials. More specifically, the framework will be a guidance tool 

highlighting ideal practice to the user based on the literature and standard practice from the fields 

of: health economics, public health, behavioural science, PA, SB and trial methodology. In order to 

assess the practicality of the guidance framework, it has been piloted in two trials: (1) a pragmatic 

quasi experimental trial of a co-developed PA on Referral Scheme (Co-PARS) (Chapter 4); (2) a 

randomised controlled trial aiming to help mainly desk-based workers to Sit Less and Move More at 

work (SLaMM trial) (Chapter 5).  

3.2. Framework development  

3.2.1. Procedure  

Four key steps were taken to develop the framework, these included:  

1) Structuring the framework by drawing on the 10 generic methodological steps from the 

economic evaluation quality assessment checklist applied in Chapter 2.  

2) Drawing on the results from Chapter 2 to recommend how the four key methodological 

challenges could be addressed. 

3) Identifying data collection tools used in existing economic evaluations.  

4) Multidisciplinary team meetings 

 

3.2.2. Structuring the framework  

The structure of the framework draw on Drummondôs quality assessment framework (Drummond et 

al., 2015b) which had been applied in Chapter 2. This framework was selected as it names the key 

methodological steps for the conduct of generic economic evaluations. The framework was 

adapted so as costs and outcomes were itemised separately. This was because Chapter 2 had 

illustrated that the recommended approaches for identifying, measuring and valuing costs and 

outcomes would differ in a number of ways. Consequently, this led to three additional items being 

included in the framework. A further three items were also added based on key recommendations 

identified in the wider methodological literature. These additional methodological items considered, 

the need to: (1) adjust for baseline imbalances in costs and health-related quality of life values 

(Manca et al., 2005, Franklin et al., 2019); (2) consider equity (Weatherly et al., 2009); and (3) 

adhere to the consolidated health economic evaluation reporting guidelines (Husereau et al., 

2013). Overall, the structure of the framework comprised of 16 items. 
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3.2.3. Addressing the four key methodological challenges 

Chapter 2ôs findings offered insight into how four key methodological challenges could be 

addressed in the context of individual-level PA and SB trials. Methodological approaches that were 

frequently reported and/or were reported in good quality studies, were deemed most important. In 

summary, based on Chapter 2ôs findings the following types of recommendations were made: time 

horizon for the analyses, cost categories to assess, valuation techniques for measuring and valuing 

the outcomes, and lastly an approach for incorporating equity into the assessment.     

3.2.4. Identifying data collection tools 

To produce a framework that can be applied by researchers wishing to explore cost-effectiveness, 

it was necessary to provide specific guidance on what cost items would be captured for each cost 

category and what measurement tools would be used to capture these items. The initial intention 

was to revisit studies from the review in Chapter 2 and perform a more granular analysis of the 

data collection methods used in studies that met items 1, 4, 5 and 6 from the quality assessment 

checklist (Appendix A.4). These four quality assessment items were deemed most relevant to the 

purpose of the synthesis, as they consider the perspective stated, and how costs and effects were 

identified, measured and valued (Drummond et al., 2015b). Five trials and one modelling study met 

the four specified inclusion items (these studies are listed in Appendix B.1). It should be noted that 

two modelling studies (Campbell et al., 2015b, Anokye et al., 2011) also met the inclusion items for 

nine of the items, but not item 5, as it was not possible to know whether appropriate physical units 

had been measured accurately. Nonetheless, the two studies referenced the same microcosting 

study (Isaacs et al., 2007) and so the cost items used in that study were reviewed (Appendix B.1). 

By large, it was found that the data collection methods in the studies from Chapter 2, were poorly 

reported and so it was not possible to draw useful information from these studies. Accordingly, the 

database of instruments for resource use measurement (DIRUM) (Ridyard and Hughes, 2012) was 

drawn on to identify appropriate measurement tools to recommend in the framework. Just one tool 

was identified from the database to measure participant costs which was a generic tool for any 

disease area. No tools were identified for measuring productivity or intervention costs for any of the 

disease areas listed in the database. 

3.2.5. Multidisciplinary team meetings  

Several iterations of the framework were drafted and reviewed through my supervisory team that 

comprised of senior researchers in PA and SB (n=2), public health (n=1) and public health 

economics (n=1). I had monthly meetings with my supervisors at the development phase of my 

framework. At these meetings, I shared: (1) key observations I had made regarding the methods 

used in the studies included in my systematic review; and (2) key reflections I had made regarding 

the relevance of additional methodological papers I had come across in the health economic and 

public health literature. The aim of these meetings was to informally discuss and reflect on the 

relevance, importance and practicality of the approach I was developing for the framework.  

During the development stage of the framework, I was successful in gaining an international 

mobility award which enabled me to draw on additional health economic expertise at Deakin 
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University. I undertook a three-week study placement that included two one-hour face-to-face 

meetings with three senior health economists who had recently been involved in conducting an 

economic evaluation of an individual-level SB trial. I asked these experts to share their experience 

on conducting an economic evaluation in the field of public health. For instance, I asked them how 

they typically identified intervention activities and how they incorporated productivity into their 

studies. In addition, I presented the findings and recommendations from my systematic review to 

the whole health economic group at Deakin University. I invited the group to ask me questions in 

order to yield insight into what they thought about my recommendations. The main discussion was 

around equity. There was consensus amongst the group that equity was important to include in 

public health economic evaluations, but most felt it was not yet standard practice. I reflect further 

on these key discussions in the reflection boxes in the section 3.3.   

3.3. Initial outline of a framework 

An initial outline of a framework was developed, this is presented in Table 1 in the form of 

questions Section 3.3 provides recommendations on how the framework can be applied in practice. 

Alongside the recommended items are reflections which explain why specific items were included 

in order to ensure the design of the framework is transparent. sections. Box 1 below introduces the 

main types of economic evaluation. 

Box 1. Definitions: Economic Evaluation Techniques 

Full economic evaluation: There are three established techniques for ñfullò economic evaluations: 

cost-effectiveness analysis (CEA), cost-utility analysis (CUA) which is often called CEA or 

referred to as a special type of CEA, and cost-benefit analysis (CBA). The economic evaluation 

handbook by Drummond et al. (2015) includes further detail around these techniques, including 

their theoretical underpinning. In summary, the important difference to note is the way in which 

the techniques include and value outcomes in the analysis. The main difference between 

conducting a CEA or CBA in practice relates to how many outcomes you include in the analysis 

and how you choose to value your outcomes. CEAs incorporate just one outcome measure (as 

well as costs) which is reported in non-monetary units. By contrast, CBA can include several 

outcomes, which are converted into monetary values. Partial-economic evaluation: Cost-

consequence analysis (CCA) is a partial-economic evaluation as costs are not compared to 

effects. Instead, the technique involves listing all costs and effects in their natural units but does 

not attempt to aggregate the costs and effects into a summary statistic. 
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Table 1. Summary of items to consider when conducting an economic evaluation of an individual-

level PA and SB intervention 

Items* 

1 What components make up a well-defined study question? 

2 What does a comprehensive description of the comparators look like? 

3 What does an appropriate study design look like? 

4 What costs are important and relevant? 

5 What effects are important and relevant?  

6 How and when can costs be measured? 

7 How and when can effects be measured? 

8 How can costs be valued? 

9 How can effects be valued? 

10 How can costs and effects be discounted to a present day value? 

11 What summary statistics can be presented? 

12 What adjusted analyses can be performed? 

13 What equity subgroups can be considered? 

14 What uncertainty analyses can be performed? 

15 How can the results be interpreted?  

16 How can trial-based economic evaluations be reported? 

* Adapted from the methodological checklist outlined in the Drummond et al. (2015) quality assessment 

appraisal checklist for economic evaluations 

3.3.1. Item 1. What components make up a well-defined study question? 

The five pieces of information listed 1.1-1.5 below can help with defining your study question. The 

reflection boxes help explain why these five pieces of information are advised. 

3.3.1.1. Item 1.1. Comparison of both costs and effects for at least two groups 

It is advisable that you confirm that both costs and effects of at least two comparator groups are 

being evaluated. Often this might be an intervention vs. a óno interventionô or ótreatment as usualô 

comparator.  
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Reflection on item 1.1 

This framework starts by recommending the analyst confirms that their study has two 

fundamental characteristics: (1) a comparison of at least two comparator groups (where 

the term comparator group is synonymous with the term intervention, service and 

strategy); and (2) a comparison of both costs and effects. It was through the process of 

developing the eligibility criteria for my systematic review that I discovered that the health 

economic literature define an economic evaluation as having these characteristics and as 

being one of the following techniques: CEA, CUA, CBA and CCA (Drummond et al., 

2015b). Initially I was surprised to learn that SROI, an economic technique I had used as 

a Public Health Assistant, was not reported as a main evaluative method. However, the 

definition helped me recognise that the SROI evaluations I had performed in my previous 

job were limited to one comparator group (they were typically óbefore and afterô 

evaluations) and therefore did not meet the study design criteria to be regarded as an 

economic evaluation. For this reason, I have not recommended SROI for my initial 

framework. In terms of clinical effectiveness trials, although they typically have two or 

more comparator groups but they typically only compare effects.   

 

3.3.1.2. Item 1.2. CEA as the primary analysis 

It is helpful to specify the primary analysis by reporting: (1) the type of economic evaluation you will 

conduct (see Box 1); and (2) the country and decision-maker (perspective) your results are 

intended for. Before specifying your primary analysis check whether your country has specific 

guidelines on what the preferred primary analysis is. If your country does not specify which analysis 

technique is preferred, it is advised that a CEA is conducted as opposed to a CBA. Secondly, it is 

advised that you conduct the analysis from a broad perspective including all stakeholders who 

have the potential to be affected by the intervention rather than just the perspective of healthcare 

organisation. One way to help you identify which additional organisations and individuals may be 

important, is to identify who is involved in paying, providing and/or setting up the intervention of 

interest. 

 

Reflection on item 1.2 

The type of economic evaluation recommended for the primary analysis is a CEA. All 

studies identified in my systematic review (Chapter 2) had conducted a CEA (or CUA) 

with no studies performing a CBA. In the discussion section of my systematic review, I 

indicate that this may be due to the practical challenge of conducting a CBA (e.g. the 

difficulty of assigning monetary values to non-health outcomes). I did not have any 

experience or practical examples from the literature on how to deliver a CBA in practice, 

therefore I do not recommend it in this initial framework.  
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In my review, I also suggest that the choice in methods is likely to be also due to the fact 

many countries have guidelines or a óreference caseô which states the countryôs preferred 

analysis technique. Through my health economic reading, I learnt that the aim of a 

reference case is to improve comparability of studies reported from the same country 

(ISPOR, 2019). Prior to conducting the systematic review I had not come across the term 

óreference caseô as this concept is not referred to within the clinical effectiveness 

evaluations. An example from the UKôs óreference caseô is that it recommends a specific 

type of CEA, a CUA, is performed for the primary analysis (NICE, 2014).  

 

3.3.1.3. Item 1.3. CCA as a secondary analysis 

CEA produce aggregate summary outcome statistics, therefore it is recommended that a cost 

consequence analysis (CCA), also known as an impact inventory, is conducted alongside the 

primary analysis (Sanders et al., 2016). This is so all relevant costs and outcomes assessed can 

be interpreted separately. As interventions can be delivered in public or non-public sector settings, 

the CCA may include costs and effects deemed important to both the public and private sector 

agencies who are involved in paying, providing and/or setting up in the intervention. In addition, it is 

recommended that the participantôs perspective (also known as the private individualôs perspective) 

is captured in the CCA.  

 

Reflection on item 1.3 

CCA is considered a partial-economic evaluation since costs and effects are not 

compared in order to produce a summary cost-effectiveness statistic (Drummond et al., 

2015a). In my systematic review (Chapter 2), I identified two studies that reported a CCA 

alongside their primary analysis (CEA or CUA). I saw how the disaggregated format of the 

costs and effects presented in these CCA made it clear to identify which costs and effects 

were relevant to which stakeholder. In addition, my review identified four economic 

evaluations, which had included participant costs in their analysis. Even though many 

countryôs guidelines including the UK do not recommend the inclusion of participant costs 

(ISPOR, 2019, NICE, 2014a) I felt the participantôs perspective was important to include in 

the CCA. This is because the behavioural science literature argues that the participantôs 

acceptability of (perspective on) an intervention can provide influence the success of an 

intervention (Michie, Atkins, & West, 2014). 

 

3.3.1.4. Item 1.4. Time horizon 

It is recommended that the primary analysis is conducted over the trial follow up period (trial time 

horizon). If there is sufficient data, time and expertise, a decision model could also be conducted. 

The model could assess the costs and effects over the rest of the participantôs life (lifetime 

horizon). 
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Reflection on item 1.4  

When resource use is collected from a single trial, best practice guidelines state that a 

trial-based economic evaluation is always conducted before any modelling and therefore 

the first analysis should be based on a short time horizon which will be the trial follow up 

period (Glick et al., 2014). My systematic review (Chapter 2) indicated that trial-based 

economic evaluations that do not extrapolate beyond the trial follow up period are more 

commonly performed than economic evaluations that do extrapolate. Nonetheless the 

epidemiological literature indicates that the greatest potential benefits of increasing your 

weekly PA levels are unlikely to accrue until decades after the intervention has taken 

place. My systematic review identified a small number of studies which estimated the 

long-term cost-effectiveness of the PA interventions by linking up short-term surrogate 

outcomes with published epidemiological evidence. This made me aware that there are 

epidemiological data available within the literature in order to build evidence-based 

decision model for PA interventions.   

 

3.3.1.5. Item 1.5. Target population and subgroups 

It is helpful to confirm the target population for the economic evaluation. The target population for 

the trial-based economic evaluation could be the participants recruited for the clinical effectiveness 

trial. The modelling analysis could include a broader population if there is sufficient evidence from 

other studies published.  In addition, confirm which equity subgroups will be considered, at a 

minimum consider: age, sex, socioeconomic status and medical condition. 

 

Reflection on item 1.5  

Socioeconomic status, sex, age and pre-existing medical condition were the most 

common types of equity subgroups identified in my systematic review (Chapter 2). The 

public health research I was involved with before I undertook this PhD had made me 

believe that socioeconomic status is likely to be an important equity subgroup for public 

health trials.   

 

3.3.2. Item 2. What does a comprehensive description of the comparator groups look like? 

Key information required to describe the intervention groups is likely to be provided in the trialôs 

protocol and the CONSORT flow diagram if available. If you feel the protocol and CONSORT flow 

diagram does not provide sufficient detail, it is helpful to heck your interpretation of the comparator 

groups with those leading the clinical effectiveness trial. After the intervention has been delivered, it 

is also advised that you check with the staff who delivered the intervention whether any additional 

intervention operating and/ or set up costs were incurred. These could be costs that have not been 

accounted for in the trial protocol or CONSORT diagram. In addition to describing the intervention 

of interest, it is recommended that you describe what usual care is, as usual care may vary 

geographically and/or by organisation. The description of the comparator groups can be used as 
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the first step to populating a microcosting tool (Table 5). The tool can be populated by the research 

team and/or staff delivering the intervention. 

Reflection on item 2 

I was interested in how the studies I included in my review had calculated the intervention 

costs, since the descriptions of the interventions in the articles were brief and the authors 

did not comment on the methods used to identify the resource quantities. During my study 

placement with Deakin Universityôs Health Economics group, I had the opportunity to 

explore the costing of complex public health interventions with three senior academic 

health economists. They discussed that they typically use the CONSORT diagram and 

study protocol to identify the multiple intervention activities and the resources required to 

deliver them. The idea to check whether any additional unexpected intervention costs had 

been incurred after the delivery of the intervention came from one of the studies in my 

review (Edwards et al., 2013b). This study conducted telephone interviews with the 

intervention providers after the intervention had been delivered.    

 

3.3.3. Item 3. What does an appropriate study design for trial-based economic evaluations 

look like? 

In order for the results of your economic evaluation to be applicable to óreal worldô decision maker 

who need to make inevitable decisions around resource allocation, it is recommended that the 

economic data you use in your analysis is derived from a pragmatic trial. If possible, a randomised 

controlled trial (RCT) is recommended for the trial design. Furthermore, it is recommended that the 

Intention-to-treat (ITT) principle is followed for the primary analysis of the trial data, whereby 

participants are analysed according to the same group they were assigned to, even if they do not 

adhere to their allocated intervention. If there is a more than 10% of data missing, then a complete 

case analysis is recommended. 

Reflection on item 3 

Pragmatic trial 

It was through my reading of one of the health economic handbooks that I became aware 

that there was consensus amongst the health economic community that economic 

evaluations should be delivered alongside pragmatic trials (Drummond et al., 2015a). I 

think my anthropology background also helped me recognise why pragmatic trials were 

required for economic evaluations of behaviour change trials (e.g. changing PA and SB 

levels). Anthropology is the study of complexity. I therefore had experiencing of studying 

complexity which is important for complex interventions. There is increasing recognition in 

the trial literature that there is a need to document and understand complexity of 

interventions, in order to understand why some interventions fail to be implemented into 

the óreal worldô (Moore et al., 2015).  

 

Intention-to-treat principle 
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A key feature of pragmatic trials is that it necessitates that study participants are analysed 

in accordance to the comparator group they are assigned to at baseline, even if the 

participant does not adhere to the protocol or changes groups during the trial. This trial 

design feature is known as the intention to treat (ITT) principle. I verified that the ITT 

principle applied to trial-based economic evaluations by consulting good practice 

guidelines provided by the International of Society for Pharmoeconomics and Outcomes 

Research (ISPOR) (Ramsey et al., 2015).  

 

Complete case analysis 

Complete case analysis is reportedly the most common way to analyse incomplete 

datasets in trial-based economic evaluations (Noble et al., 2012). I tried to understand 

why multiple imputation was not used more commonly for economic evaluations. I came 

across a methodological study which suggested that this may be due to the lack of 

guidance for addressing missing data in the context of economic evaluation (Leurent et 

al., 2018). I used the literature to inform my recommendation on what the cut-off point 

would be for missing data. I identified a study which stated that for multi-item 

measurement tools where only a small proportion of the data is missing (less than 10%) it 

is deemed acceptable to impute the mean of each group for participants missing an item 

(Eekhout et al., 2014).  

 

3.3.4. Item 4. What costs are important and relevant? 

Important and relevant costs categories are likely to be influenced by the country and/or audience 

of your economic evaluation (as discussed in item 1). The description of the comparator groups as 

described in item 2 will help you judge what costs are relevant. At a minimum, if conducting your 

analysis from a multi-agency public sector perspective (as recommended in item 1) it is helpful to 

consider including the following perspectives and associated cost categories: 

1. Payerôs perspective: intervention costs, which could include the setting up (organising) and 

operating (delivery) costs.  

2. Providerôs perspective: any additional intervention operating and setting up costs, not 

accounted for before the trial is conducted 

3. Health and social care perspective:  

o Short-term primary healthcare activity including: consultations with the GP, 

practice nurse and allied health professionals, and medications prescribed in 

primary care 

o Short-term secondary healthcare activity including: emergency, outpatient and 

inpatient visits 

o Long-term healthcare activity: secondary data can be used to estimate potential 

future treatment costs in a decision model. For PA it is recommended that future 

treatment costs for the following diseases are considered: Type 2 diabetes (T2D), 
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stroke and Coronary Heart Disease (CHD). For SB interventions, at a minimum 

treatment costs for T2D.  

4. Participantôs perspective: out of pocket expenses such as clothing and travel costs, and 

time costs such as loss in leisure time to attend intervention activities. In addition, an 

exploratory analysis is recommended whereby participants are asked about their 

willingness-to-pay for a PA or SB intervention. 

5. Employerôs perspective: losses and gains in productivity. This will be particularly relevant if 

the intervention is set in the workplace and/or requires the participant to lose time from 

work in order to participate in the intervention.   

 

Reflection on item 4 

Identification of cost categories 

A key finding from my systematic review (Chapter 2) was that studies conducted from the 

same perspective (e.g. societal perspective) included different cost categories in their 

analysis. This even applied to studies conducted in the same country. The health 

economic literature reports that, internationally, the process for identifying cost categories 

and items for each perspective type (e.g. healthcare, societal, payer) is in part analyst-

dependent as international standardised definitions do not exist (Husereau et al., 2013). 

The studies in my review did not state why they had included or excluded specific cost 

categories. As a result, I found it difficult to recommend a systematic approach for 

identifying all important cost categories. The approach I therefore recommend is a 

comprehensive approach as it lists all the cost categories which could be included in a 

study. This list was identified from seven studies from my review which met items on my 

quality assessment checklist relating to the reporting of study perspective and costs 

(Table 1 in Appendix B.1 lists the seven studies and their cost categories used). The cost 

categories I identified through the seven studies included: intervention operating costs, 

intervention setup costs, immediate healthcare utilisation, future healthcare utilisation, 

participant costs and productivity costs included in this framework. At the time of 

conducting this assessment of cost categories, a Delphi study was published with similar 

findings to my own (van Lier et al., 2017). The Delphi study identified five key cost 

categories: intervention costs, healthcare costs, patient and family costs, lost productivity 

costs and future costs.  

Long-term (future) healthcare costs 

In addition, I conducted a content analysis of the discussion sections of the 10 studies 

included in my systematic review which had not included future (long-term) costs in their 

analysis. I wanted to explore whether the authors saw this as a limitation of their study. I 

found that eight of the 10 studies reported that the exclusion of long-term costs was a 

limitation of their analysis. The two studies which did extrapolate their single trial-based 

results in order to consider the future costs conducted modelling and drew on pre-existing 

models (Gao et al., 2018, Anokye et al., 2018). It also saw that one author recommended 
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that existing models are drawn on to develop new decision models (Edwards et al., 

2013b).  

 

3.3.5. Item 5. What effects are important and relevant? 

As discussed in item 1.2, many countries have guidelines (or a óreference caseô) which specifies 

what the preferred outcome measure is for the primary analysis. It is therefore recommended that 

you consult your countryôs guidance. Guidelines can be retrieved from the ISPOR webpage on 

pharmacoeconomic guidelines from around the world: https://tools.ispor.org/peguidelines/ (ISPOR, 

2019). If no guidelines are available for your country of interest, it is recommended that it is 

recommended that a single generic measure of health is used as the primary outcome measure 

(e.g. the QALY). Additional wider effects of interest may have also been identified by the trial team 

working on the clinical effectiveness evaluation. All effects for which it is not possible to assign a 

monetary value, can be presented alongside the cost data in the secondary analysis, the CCA. 

Reflection for item 5 (reflections in item 1.2 also relevant to this item) 

The most common primary outcome measure included in my systematic review (Chapter 

2) was the QALY. QALYs are the most commonly used outcome measure in the literature 

and have fewer measurement problems compared to other outcomes such as DALYs. 

Although some studies in my review reported a measure of PA as the primary outcome, 

the outcome was reported in different units (e.g. one minute of PA, one person achieving 

150mins of PA per week).  

 

3.3.6. Item 6. How and when can costs be measured? 

3.3.6.1. Item 6.1. Intervention operating and setting up costs 

Prospective data collection is preferred as it is expected to be more accurate since it does not rely 

on participant/ staff/ researcher recall. Intervention operating and setting up costs can therefore be 

recorded by the research team during the trial using the microcosting tool (Table 5). The tool 

provides examples of the types of costs typical of individual-level PA and SB interventions such as 

staff type and time, equipment and capital equipment. The tool can be applied in Excel or similar 

software. The comprehensive descriptions of the new and existing interventions reported in item 2 

can be used to support the microcosting exercise. It is helpful to engage the trial protocol, 

CONSORT flow diagram and wider research team in this process.  

 

Reflection on item 6.1. 

Three studies in my systematic review (Chapter 2) reported generating their intervention 

resource use estimates through study records (Iliffe et al., 2014a, Elley et al., 2011, 

Isaacs et al., 2007). Nevertheless, the authors did not provide examples on the tools or 

templates used to document these records. Another study from my review reported using 

a budget breakdown to estimate costs, which they retrieved from the organisation who 

https://tools.ispor.org/peguidelines/


 
 

79 
 
 

was paying for the intervention (Edwards et al., 2013b). It was not clear what tool or 

template was used by the local authority to document the intervention costs.  

 

I had come across the DIRUM database through my reading of one of the health 

economic handbooks (Drummond et al., 2015a). As discussed in my systematic review, 

DIRUM is a repository of papers about resource use and cost measurement (Ridyard and 

Hughes, 2012). I searched the DIRUM repository to see if I could find a tool or template to 

help me document intervention costs in a systematic and comprehensive way- I could not 

identify any. It is possible that this is because tools used by health economists to evaluate 

complex lifestyle interventions may not have been validated and shared yet as DIRUM is 

a relatively new initiative and microcosting methods are underdeveloped (Frick, 2009). 

Nevertheless, there is recognition that microcosting is becoming increasingly important for 

newly developed complex multi-component interventions (e.g. individual-level PA and SB 

interventions) since it is likely these interventions have not been assigned an aggregate 

cost that is available in the published literature (Glick et al., 2014). In the absence of a 

validated microcosting tool, I developed my own novel microcosting tool in order to 

document interventions costs for the Co-PARS and SLaMM trial (Table 5). The structure 

of my tool in terms of the variables which have been included, were informed by the NHS 

reference cost structure (NHS Improvement, 2018). The content of the tool for the types 

and descriptions of the cost items (e.g. staff type, printing, room hire) was based on my 

content analysis of the cost items reported in the studies in my systematic review. More 

specifically, I analysed the method and result sections of seven studies which had 

adequately reported what cost items they measured for each cost category (see Table 1 

in Appendix B.1).  

 

Table 5. Microcosting tool to record operating and setup costs 

Payer's perspective 
  

Intervention 
operating/ 
setup costs 

Name and 
description of cost 
item 

Average 
quantity of 
cost item 

Average 
quantity 
of time, if 
applicable  

Total 
Quantity  

 Unit 
Cost 

Total 
Cost 

Staff's time Staff type (including 
details on: 
qualification level 
and/or grade) and 
time for the following 
activities: training, 
travel, preparation, 
delivery and clear-up 

          

Equipment  Printing           

Physical materials           

Promotional 
materials/ 
advertisements 
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Refreshments           

Study specific 
software 

          

Staff clothing           

Home working 
facilities 

          

Postage            

Stationary            

Phone costs      

Fixed  Private room           

Non-study specific IT 
equipment 

     

Non-study specific 
software 

     

Staff overheads      

Room hire      

 

 

3.3.6.2. Item 6.2. Additional intervention operating and setup costs 

These costs can be captured at the end of the trial by interviewing staff from the settings where the 

interventions are being delivered. The interview schedule provided in Appendix B.1. is 

recommended. 

Reflection on item 6.2.  

The recommended schedule for interviewing relevant staff/ stakeholders is presented in 

Appendix B.1. I identified just one study in my systematic review (Chapter 2) which 

captured additional operating and set up costs, and they had done this using telephone 

interviews with staff (Edwards et al., 2013b). Nonetheless, the study did not include an 

example of the interview schedule they used to capture this cost type. I therefore 

searched the DIRUM database to see if I could identify a template for an interview 

schedule that had been used to capture similar costs. I could not identify any appropriate 

tools. I therefore, draw on the wording used in a questionnaire (Thompson and 

Wordsworth, 2001) that was available on the DIRUM repository which asked participants 

about their out of pocket expenditure. I felt the wording of the questions was appropriate 

as they asked whether any additional costs were incurred and if so, what the purpose of 

the cost was as well as the estimated amount spent.    

 

3.3.6.3. Item 6.3. Health and social care costs 

These can be captured at baseline and at the same follow up time points as the effectiveness 

evaluation. An adapted version of the Client Service Receipt Inventory (CSRI) (Beecham and 

Knapp, 1999) is presented in Appendix B.1. If data on long-term treatment costs for NCD is 

available in the literature, this can be included. This data should be taken from published studies.  

Reflection on item 6.3 



 
 

81 
 
 

Authors from the studies included in my systematic review (Chapter 2) reported various 

methods for assessing the short-term (immediate) health and social care costs, these 

included: participant diaries, self-report questionnaires or GP medical records (see Table 

1 in Appendix B.1). In order to help me decide which method would be best I consulted 

the wider health economic literature. I identified a Delphi study which had asked health 

economists about their preferred methods for capturing healthcare utilisation (van Lier et 

al., 2017). The authors found there is disagreement amongst health economists on 

whether patient-based reporting (e.g. diaries or questionnaires) or the use of secondary-

level (e.g. routine medical records) data is preferred. The paper discussed the pros and 

cons of both methods. For instance, self-reported data is subjective and relies on the 

participantôs accuracy and ability to recall their healthcare use, however it might be easier 

and cheaper to collect this data. On the contrary electronic medicals records can 

sometimes be incomplete, costly and typically data management systems vary across 

agencies making it difficult to compare similar data variables (Hughes et al., 2016).  

 

One study (Edwards et al., 2013b) from my systematic review referenced the self-report 

questionnaire they had used to capture healthcare utilisation. I searched for the 

questionnaire on the DIRUM repository to learn more about it. The questionnaire was 

called the client service receipt inventory (CSRI) and was a widely validated tool that has 

been applied to various intervention and setting types (Beecham and Knapp, 2001, 

Ridyard and Hughes, 2012). The original questionnaire content relates to psychiatric 

services, therefore the wording and cost items included in the questionnaire were not 

relevant to an evaluation of a PA and SB intervention. I searched the DIRUM database 

and found a modified version of the CSRI by Mayer and Beecham (2005) which I draw on 

for the wording and structure. The specific examples I gave of health professionals were 

those which I had identified by analysing the content of the cost items (e.g. health 

professional types) included in seven good quality studies from my systematic review (see 

Table 1 in Appendix B.1).  

 

3.3.6.4. Item 6.4. Participant costs 

These can be captured at the same follow up data collection time points as the effectiveness 

evaluation. The participant cost questionnaire presented in Appendix B.1. can be used, this is an 

adapted version of a self-report questionnaire (Wordsworth and Thompson, 2001) retrieved from 

the DIRUM database. The aim of this questionnaire is to ask participants to report on their time 

spent taking part and travelling to the interventions of interest, the travel costs and any out-of-

pocket expenses.  

Reflection on item 6.4.  

Out of pocket costs for PA and SB 

Through the methods reported in the studies in my systematic review (Chapter 2), I found 

that there appears to be two main approaches to measuring participant out-of-pocket 
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costs and time costs: participant recall diaries or self-reported questionnaire. No studies in 

my review reported the measurement tool they had used to capture patient costs. I 

searched the DIRUM repository and identified the annotated patient costs questionnaire 

(Thompson and Wordsworth, 2001). The questionnaire wording and structure seemed 

appropriate. In order to tailor the questionnaire so as it referred to cost expenses 

associated with PA and SB interventions, I analysed the content of the costing methods 

used in the studies from my review (see Table 1 in Appendix B.1). There was a range of 

participant cost items measured, these included: clothes and shoes, memberships and 

classes fees, childcare, travel purchases (petrol based on distance travelled, public 

transport fee) and sports/ exercise equipment.  

 

Recall period  

In order to decide how often participants should be asked to recall their participant costs, I 

looked at recall periods reported in the studies in the systematic review. Overall, there 

was no trend in the recall period for both the diaries and questionnaire methods, with the 

recall period varying from 1 to 12 months. The literature on trial-based economic 

evaluations recommends that the recall period should align with the data collection points 

of the clinical effectiveness protocol (Glick et al., 2014). This option made sense since 

there are no existing guidelines on how frequently this data should be collected; and this 

option reduces participant and research burden.  

 

Participantôs acceptability 

In addition to asking the participant to record their out-of-pocket costs, I felt it was 

important to ask participants about their preferences and their willingness to pay for a PA 

and SB intervention. This type of additional exploratory analysis was done by one of the 

studies I identified in my review and seemed to illustrate how preferences and 

acceptability may differ by equity subgroups (e.g. socioeconomic status) (Edwards et al., 

2013b) which is an important consideration in the field of public health (Marmot et al., 

2010). Furthermore, I was aware that understanding participants preferences is an 

important field of study within the behavioural science literature, as the acceptability of an 

intervention to the participants can impact on the success of the intervention (Michie et al., 

2014).  

 

Time costs and loss in earnings from the participantôs perspective 

I had identified two studies (Iliffe et al., 2014a, Isaacs et al., 2007) in my review, which 

had looked at participant costs in terms of the time the participants gave up to participate 

in the intervention. More specifically, they had asked participants to clarify whether they 

had participated during their work or non-work time, and whether the participant 

experienced a loss in earnings as a result. Similarly, a third study (Elley et al., 2011) from 

my review also asked about work, but with the intention of capturing whether the 
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intervention had reduced or increased sickness- and accident-related absenteeism. I 

therefore felt it was important to measure productivity and so incorporated key questions 

about this (see participants cost questionnaire in Appendix B.1).   

 

3.3.6.5. Item 6.5. Productivity loss from the employerôs perspective 

If the intervention of interest is delivered in the workplace, it is recommended that absenteeism and 

presenteeism can also be measured using validated self-report questionnaires. The workplace 

limitations questionnaire (WLQ) (Lerner et al. 2001) is recommended since it one of the three main 

validated tools used to capture presenteeism (Kigozi et al., 2017). In addition, if the intervention is 

delivered in a workplace setting, the time taken away from productive work to take part in the 

intervention can be recorded by the staff delivering the intervention. 

Reflection on item 6.5  

Although no studies in my review included presenteeism in their economic evaluation, I 

felt this productivity measure was important to capture. This is because the economic 

literature argues that presenteeism is a greater contributor to employer-related 

productivity losses than absenteeism (Schultz et al., 2009) and that national guidelines 

should emphasise the importance of including presenteeism in analyses conducted from a 

broader perspective (Kigozi et al., 2017). The reason for the lack of studies capturing 

presenteeism in economic evaluations may be due to national guidelines often stating that 

absenteeism is preferred over presenteeism (Knies et al., 2010). 

 

3.3.7. Item 7. How and when can effects be measured? 

It is recommended that you consult your countryôs guidelines (see item 5) to see if there is a 

preferred approach to measuring the primary outcome. If you choose to measure QALYs there are 

a number of steps involved in the calculation of QALYs. QALYs encapsulates both quantity and 

health-related quality of life (HRQoL) in a single value. The number of years lived, known as life 

years (LYs) is calculated based on whether a participant is alive or dead. These years are adjusted 

according to the HRQoL reported. There are a number of HRQoL measurement tools, however the 

EuroQol EQ-5D is the most common tool used in economic evaluations and is freely available for 

research purposes (Rabin et al., 2011). The latest version of the tool asks participants to rank each 

of the 5 health dimensions using 5 levels of severity as opposed to 3 levels. You may prefer to use 

this tool as it is more sensitive at detecting differences in HRQoL. It is recommended that HRQoL is 

measured at the same time points as the clinical effectiveness evaluation (Glick et al., 2014). 

EuroQolôs user guide for the EQ-5D can provide further guidance on employing the EQ-5D 

questionnaire (Rabin, Oemar, Oppe, Janssen, & Herdman, 2011). The long-term effects of PA and 

SB interventions on QALYs can be done by identifying pre-existing models, which relate a 

reduction in NCD (e.g. T2D, CHD and stroke) with a gain in QALYs.   

 

Reflection on item 7 



 
 

84 
 
 

Short-term effects 

Prior to commencing this PhD, I had come across the terms QALYs and EQ-5D in the 

literature but had not realised that there were a number of steps involved in the calculation 

of a QALY that go beyond the measure of HRQoL using the EQ-5D measurement tool. I 

was surprised to learn that the EQ-5D was a generic measure for health since the tool 

seemed quite limited. I recommend the use of the EQ-5D as it was the most commonly 

used tool reported in the studies in my review.  

Long-term effects 

In my review I identified two models which draw on epidemiological evidence to relate 

levels of PA with a reduction in TD2, CHD and stroke events, and as a consequence a 

gain in QALYs (Anokye et al., 2012, Campbell et al., 2015b).   

 

3.3.8. Item 8. How can costs be valued? 

Unit costs for the economic evaluation should primarily come from national published sources. For 

participant costs, the actual price incurred by the participant was deemed appropriate. If published 

sources or participant reported prices are not available for a specific resource item or category (e.g. 

presenteeism) then the resource can be reported in its natural units rather than be assigned a 

monetary value.  

3.3.8.1. Intervention costs 

Typically, aggregate unit costs do not exist for new interventions or even for existing individual-level 

PA and SB interventions. Therefore, resource items recorded in the microcosting tool can be 

assigned an individual unit cost before being aggregated together. Published unit costs can be 

used to value the individual resource items. If no unit cost is available unit costs from a similar 

resource can be used. All sources of unit costs can be recorded along with the date the source was 

accessed.   

3.3.8.2. Health and social care costs 

For health and social care costs national standard unit costs can be used. If no unit cost is 

available then the unit cost of a similar resource can be used. All sources of the unit cost and date 

the source was accessed can be recorded.  

3.3.8.3. Participant out of pocket costs 

Unit costs for participantôs out of pocket costs (e.g. clothing, equipment, gym membership) will be 

the actual prices self-reported by the participants as in the participant cost questionnaire. Time and 

distance travelled will be reported in their natural units.  

3.3.8.4. Employer costs 

For employer costs a national average earnings can be applied where participants lose time at 

work due to participating in the intervention. 

 

Reflection on item 8 
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Internationally the health economic literature suggests the preferred approach for valuing 

healthcare utilisation is by assigning national published unit costs to resource quantities 

(van Lier et al., 2017). The studies in my review had drawn on published unit costs in 

order to value healthcare use. The studies from the UK helped me identify the unit cost 

series for health and social care which is published annually (Curtis and Burns, 2018). I 

was surprised that I had not come across this unit cost series during my training in SROI 

when I was a Research Assistant in Public Health. Another observation I made was that 

the authors in my review did not report the sources they used in order to assign unit costs 

to the intervention resources. This may be due to most studies having reported using the 

budget breakdown from the funding application of the trial, rather a conduct a 

microcosting exercise.   

 

3.3.9. Item 9. How can effects be valued? 

Effects only need to be valued if a CUA has been performed. In addition, it is recommended that 

you consult your countryôs guidelines to identify when there is a preferred valuation approach 

(ISPOR, 2019). If the EQ-5D tool has been used as recommended in item 7, then EuroQolôs user 

guide can be referred to in order to create a EQ-5D HRQoL profile for each of your participants 

(Rabin et al., 2011). All EQ-5D profiles already have a utility weight (also known as a preference 

score) assigned to them by a sample of your countryôs population. Assign your countryôs published 

stated utility weights to each of your participantôs EQ-5D profiles. This utility weight is calculated 

from country-specific catalogues before being combined with data on length of life data to estimate 

the number of QALYs experienced over the specified time horizon. You can combine these utility 

weights with the time lived by the participants (during the trial) in order to estimate the number of 

QALYs gained or lost during the trial. Ideally, HRQoL should be collected on a schedule and you 

can interpolate between points to calculate the QALYs as the area under the curve. To determine 

cost effectiveness, many countries have guidelines to see what the maximum amount of money 

your country is willing-to-pay per gain in QALY. For modelling studies the unit cost/ price from the 

initial treatment of a stroke or CHD event, and the ongoing annual treatment for treating stroke, 

T2D or CHD can be taken from the existing literature. For the CCA, all disaggregated effects can 

be reported in their natural units. 

participants HRQoL at baseline and all other data collection time points, you can assign a utility 

weight to each participantôs score.  

Reflection on item 9 

I was surprised to learn that the key difference between the different types of economic 

evaluations is the methods they used to value the effects (outcomes) of interest. It also 

made me realise that unless a CBA was conducted then the result of a single CEA was 

limited to just one outcome measure. There is consensus amongst health economists that 

CBA is deemed theoretically superior to CEA and CUA as it can incorporate and monetise 

multiple outcomes (Drummond et al., 2015b). Yet in practice CBA is challenging to 

execute as demonstrated through the finding in my review and former reviews which 
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found no studies had performed a CBA or explain how they had monetised the outcomes 

(Weatherly et al., 2009, Alayli-Goebbels et al., 2014, Hill et al., 2017). During my time as a 

Public Health Research Assistant, I became increasingly aware that SROI was similar to 

CBA as it included and monetised non-health outcomes. In the SROI evaluations I had 

conducted, it was standard practice to assign a óshadowô market price to outcomes which 

did not have a national published unit cost. I explored why the SROI methodology had not 

been adopted by the health economic community. Some economic analysts claimed that 

the SROI methodology had several theoretical problems which would need addressing 

before further adoption of the methodology (Fujiwara, 2015). In order to explore this 

further, in 2016 at the start of my PhD, I emailed a senior academic health economist from 

one of the health economic groups in the UK, to seek their opinion on the role of SROI 

and CBA in public health evaluations. The health economist informed me that they were 

unfamiliar with the SROI methodology. In terms of CBA, they explained that they felt CBA 

had the potential to generate useful information if done in accordance with the principles 

of the Washington State Institute of Public Policy and UKôs Treasury Green Book. 

Nonetheless, they claimed that in general they believe CBA is often not conducted well in 

practice and does not address distributional issues (e.g. the UKôs income distribution). 

This pre-PhD discussion had reassured me that the difficulty in producing a well-

conducted CBA in practice was likely to explain why I had come across any CBA studies 

in my systematic review (Chapter 2). That is to say, until further methodological 

development is made in the field of CBA, I recommend in my initial framework that CEA 

and CUA are carried out as the preferred valuation technique.  

 

3.3.10. Item 10. How can costs and effects be discounted to a present day value? 

For trial-based economic evaluations that do not extend beyond 12 months, no discounting is 

necessary. For those that go beyond 12 months it is advised that you check your countryôs 

guidelines (see link in item 5) to see which discount rate is recommended for costs and effects. In 

the absence of country-specific discount rates, 3% can be used, as employed by the World Health 

Organisation (WHO) (World Health Organisation, 2017).   

Reflection on item 10 

Through my reading in the health economic literature, I became aware that different 

countries specify different discount rates. For example the WHO (2003) recommends 3% 

as the annual discount rate for costs and effects when there is no country-specific 

guidelines available. In the UK, NICE state that costs and effects should be discounted at 

a rate of 3.5% per annum (NICE, 2014a). In my previous public health SROI evaluations, I 

had come across the term discounting, however I had not considered how it was 

calculated. I found it interesting to read about discounting in the health economic 

literature, where some claim that discounting is important because a phenomenon has 

been observed which indicates that people typically prefer to gain benefits now and incur 
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the costs later (this phenomenon is known as positive time preference). This makes sense 

when recognising that the benefits gained in the immediate future are more certain than 

those gained in the distant future (Drummond et al., 2015b).   

 

3.3.11. Item 11. What summary statistics can be presented? 

For the initial summary statistics for costs and effects, means and standard deviations are 

recommended for continuous variables. For categorical variables, proportions are recommended 

along with the numerator and denominator. Where one comparator group is more expensive and 

less effective than the other(s), then it be evident which group is the best option to invest in. 

However, if your results indicate that some group is more effective but also more expensive, an 

incremental cost-effectiveness ratio (ICER) statistic is recommened. The calculation for the ICER is 

presented in Figure 4. An ICER summarises the additional cost per additional unit of effect gained. 

More specifically, the summary statistic allows a pre-specified decision rule to be applied in order to 

interpret whether the gain in effect falls within a threshold in which we are happy to pay for one 

additional unit of effect. The ratio can be interpreted by comparing the ratio to a willingness to pay 

(WTP) threshold if your country has one or an incremental health opportunity cost (Woods et al. 

2016). An example of a willingness-to-pay threshold is £20,000- £30,000 per QALY gained, as 

applied in England (NICE, 2014).  

 

Figure 4. Incremental cost-effectiveness ratio calculation 

 

Reflection on item 11 

Mean and standard deviation 

Despite cost data typically being skewed to the right with a long tail, and HRQoL data 

being typically right censored (as many HRQoL measurement tools have ceiling effects), 

the health economic literature argues that evidence on the mean is more relevant and 

useful to decision makers than the median. I was surprised when I first read about this in 

the economic literature since in clinical effectiveness literature it is standard practice to 

report the median instead of the mean, if data is not normally distributed. By contrast, the 

economic evaluation literature it is helpful to present the mean in economic evaluations, 

as the median runs the risk of underestimating the amount of resources that need to be 

budgeted for (Gray et al., 2012). Transforming skewed data is also not recommended for 

economic evaluations since it is the arithmetic mean that is required rather than the 

geometric mean (Glick et al. 2014). 
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Incremental cost-effectiveness ratio 

I had not calculated an ICER before, however the studies in my review indicated to me 

that this was the most common way to report the results of an economic evaluation. I was 

surprised to learn that the calculation for the ICER seemed straightforward. I think it was 

the different terminology used which had made me expect the calculation would be more 

complex. In the health economic literature, the term incremental cost and effects is 

commonly used. Incremental analysis is more commonly known in the clinical 

effectiveness literature as the between-group difference in effects. A further key difference 

I observed between the clinical effectiveness literature and economic literature was that 

there is consensus in the economic evaluation literature that a meaningful difference is 

typically conceptualised as being the decision-makers willingness-to-pay per unit of effect. 

In the clinical effectiveness literature, a meaningful difference is typically conceptualised 

as the minimum clinical important difference based on previous evidence and does 

therefore not incorporate the decision-makers willingness-to-pay into account. 

 

3.3.12. Item 12. What adjusted analyses can be performed? 

It is recommended that costs and effects are adjusted for baseline imbalances in costs and 

HRQoL. Multiple regression is recommended to control for the baseline covariates. Adjustment is 

recommended as it will improve the precision of the cost and effect estimate by reducing some of 

the unexplained variance in the cost and effect estimates. Both unadjusted and adjusted means 

and standard deviations for costs and effects can be reported (Franklin, Lomas, Walker, & Young, 

2019). 

Reflection on item 12 

Previous research stresses that when comparing QALYs of at least two intervention 

groups, adjustments should be made to the mean costs and effects to account for 

imbalances in the participantsô baseline costs and HRQoL utility (Manca et al. 2005; Glick 

et al. 2014). I draw on the economic evaluation literature in order to advise on how 

baseline imbalances could be controlled for. I found a study in one of the main health 

economic journals (Health Economics) which claimed that parametric tests such as 

multiple regression which can control for some variables, have been shown to be robust 

to skewed economic datasets and can generate similar results to nonparametric methods 

e.g. the nonparametric bootstrap method (Nixon et al., 2010).  

 

3.3.13. Item 13. What equity subgroups can be considered? 

Equity is an important objective for public health interventions, not just effectiveness. It is advised 

that at a minimum, the following four equity subgroups are included or discussed in your study: 

socioeconomic status, age, sex and medical condition. Furthermore, it is recommended that all 

equity-related data is collected at baseline from the participants via a self-report questionnaire. 
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Reflection on item 13  

Equity was a key topic I learnt about through my Masters in Public Health and my 

Research Assistant job in Public Health. I was therefore interested to learn that one of the 

main challenges in public health economic evaluations, is the incorporation of equity into 

the analysis (Weatherly et al., 2014). The four most relevant equity subgroups for PA 

identified from my review, include: age, sex, socio-economic status and pre-existing 

medical condition. In particular, one of authors from one of the studies in my review 

reported that their cost-effectiveness result was particularly sensitive to age and pre-

existing condition demonstrating that heterogeneity and subgroup analyses are important 

to consider (Campbell et al., 2015b). Literature from the UK also indicates that sex and 

socio-economic status are important subgroups to consider for PA evaluations (Scholes, 

2017).  

 

3.3.14. Item 14. What uncertainty analyses can be performed for trial-based economic 

evaluations? 

It is recommended that the nonparametric bootstrapping technique is used to explore stochastic 

uncertainty in the sample and hence any uncertainty in the ICER point estimate. The 

nonparametric bootstrapping simulation randomly draw cost and effect pairs from the original 

dataset, in order to produce 1,000 empirical-based bootstrapped ICERs (Gray et al. 2012). This 

technique can produce uncertainty intervals (e.g. 95% confidence intervals) around the central 

estimate of cost effectiveness and can produce a cost effectiveness acceptability curve (CEAC) 

which assesses the probability of the intervention of interest being cost-effective at various WTP 

thresholds (e.g at £1,000 per QALY, £10,000 per QALY; £100,000 etc). The CEAC is 

recommended as it will enable you to assess the probability that an intervention would be cost-

effective at different levels of willingness to pay. In addition to stochastic uncertainty, it is 

recommended that you assess the uncertainty associated with the methodological choices made 

by the analysis. This can be done using an approach called one-way scenario analysis. One-way 

scenario analysis involves making plausible changes to the parameters input into the ICER 

calculation one by one, in order to assess how a change in one parameter can impact on the ICER 

result. 

Reflection on item 14 

Stochastic uncertainty 

The studies in my review did not provide guidance on how to address stochastic 

uncertainty in the cost-effectiveness result. Furthermore, I read in the health economic 

literature that characterising uncertainty is a key methodological challenge that is 

experienced across the whole field of health economics. In order to learn what standard 

practice was for addressing stochastic uncertainty in economic evaluations, I attended a 

3-day training course in applied cost-effectiveness analysis at the University of Oxford. 

The first fundamental thing I learnt on the course was that it is not possible to calculate a 
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standard error statistic for a ratio statistic. The course tutors with expertises in the health 

economics, recommended that stochastic uncertainty in the ICER statistic could be 

assessed through a nonparametric bootstrapping simulation.  

 

Methodological uncertainty 

One-way scenario analysis was the most common way studies in my review addressed 

uncertainty in the methodological choices made by the analyst. I felt confident in doing 

this type of uncertainty analysis since I had performed a similar uncertainty analysis in the 

SROI evaluations I had conducted when I was a Research Assistant in Public health.  

 

3.3.15. Item 15. How can the results be interpreted?   

It is recommended that methodological choices are reflected on in the discussion section of the 

economic evaluation in order to help the read interpret the results. Key methodological choices 

which can be reflected on include: the perspective, the trial design, the sample size, the 

comparators, the costs and effects included/ excluded, the measurement tools, and the equity 

subgroup included. n addition, heterogeneity, generalisability and transferability are concepts which 

may also be help you interpret your results. Heterogeneity in terms of the comparator groups 

including different subgroups is also an important issue to consider in economic evaluations, since 

heterogeneity can drive the cost-effectiveness results. Generalisability can be reflected on in terms 

of whether results are relevant beyond the sample and location where the interventions are set. 

Transferability can be reflected on in terms of whether the results are relevant beyond the country 

the study has been carried out in. 

Reflection on item 15 

A key finding from my review was that the analystôs methodological choices and 

assumptions make it difficult to compare cost-effectiveness results from different studies, 

even if they are from the same country and perspective. This finding highlighted to me 

that it is important to reflect on our analyst-based choices and help the end user of the 

results interpret our study findings. This is especially important, since I am aware that 

there is a shortage of health economic expertise internationally, which means it is likely 

that decision-makers who may be using the results may not be familiar with how the 

summary decision indices (e.g. the ICER point estimate) are constructed and what the 

result means. Furthermore, guidance for the quality assessment checklist by Drummond 

et al. (2015) reports that heterogeneity and generalisability are important factors to 

consider when interpreting results.   

 

3.3.16. Item 16. How can trial-based economic evaluations be reported?  

As economic evaluations involve numerous methodological steps, it may be helpful to consult the 

main economic evaluation reporting guidelines called the Consolidated Health Economic 

Evaluation Reporting Standards (CHEERS). More specifically, the CHEERS checklistôs explanation 
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and elaboration document provides examples on how different sections of the economic evaluation 

can be written up and presented. Although these are generic guidelines, the items included will 

ensure you report all the necessary features of your study in order to help the reader interpret your 

methods, analysis and results, and consider whether they apply to their own context. Lastly, if a 

CCA is conducted for the secondary analysis, it might be necessary to report this in the 

supplementary material since the CCA constitutes a full impact inventory of costs and effects, 

which is likely to be lengthy.   

Reflection on item 16 

For my systematic review (Chapter 2) I had drawn on the reporting guidelines called 

PRISMA. I had been using the Equator-network to access these guidelines. I searched 

this to see what economic guidelines were available and discovered that in 2013, the 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS), a set of 

international reporting guidelines for economic evaluations, had been published 

(Husereau et al., 2013). After observing heterogeneity in the methods reported across the 

studies in my review, I felt the use of reporting guidelines would be one way make the 

study reporting more systematic and improve the comparability of methods and results 

across studies.  
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Chapter 4: Application of the initial framework to the 

evaluation of a co-developed PA on Referral Scheme 
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4.1. Introduction 

4.1.1. Background and rationale 

Despite the abundance of evidence on the benefits of PA, evidence on the cost-effectiveness of PA 

programmes is less certain, specifically for exercise referral schemes (ERSs) (Owen et al., 2017). 

ERSs are a common intervention strategy, with there being reportedly over 600 different types of 

schemes across the UK (Pavey et al., 2011a). Despite early calls for schemes to focus on helping 

people to incorporate PA into their lifestyles, the majority of ERSs are 12-16 week programmes 

which focus on encouraging structured exercise (Dugdill et al., 2005). A key systematic review 

found that those who participate in ERSs are more likely to improve their PA levels compared to 

those receiving PA advice only (Campbell et al., 2015b). That said, the review authors concluded 

that the specific components of ERSs, which support long-term behaviour change of PA, are 

unknown. Evidence from a high quality RCT on the short-term effects of ERSs found that benefits 

include increased PA levels of PA for those with CHD as a pre-existing medical condition, as well 

as lower levels of anxiety and depression amongst those with mental health or mental health and 

CHD as pre-existing condition (Murphy et al., 2012).  

Historically, ERSs have not been underpinned by evidence-based behaviour change techniques. 

Recognising this, NICE in England and Wales, now recommends that all future trials on ERS 

clearly justify the behaviour change techniques they have incorporated into their intervention 

(NICE, 2014b). In the same guidance, NICE also acknowledge the lack in economic evidence on 

ERS, and recommend that trials measure cost-effectiveness and health-related quality of life 

(HRQoL) alongside their effectiveness evaluation. The present study aligns to these 

recommendations by assessing the cost-effectiveness of a co-developed PA on referral scheme 

that is underpinned by the current evidence on behaviour change (Buckley et al., 2018, Buckley et 

al., 2019).  

4.1.2. Aims 

The overarching aim of this study was to apply the initial version of the framework (Chapter 3) in 

order to:  

1. reflect on the relevance and applicability of the framework to a real-world PA trial. 

2. assess the cost-effectiveness of a co-developed PA referral scheme (Co-PARS) compared 

to (a) an existing exercise referral scheme (usual care) and (b) a no treatment control 

group.   

The development of the framework was an iterative process. In my reflection boxes throughout this 

chapter I will revisit the framework items and consider how well they have been implemented in 

practice. The aim will be to describe any complexity involved in the conduct of the economic 

evaluation with the intention of generating theory about what is likely to be a helpful approach to 

address this complexity.  
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4.2. Methods for Aim 1: Reflections  

Reflections on the planned and actual application of the initial version of the framework are 

documented throughout the methods and results sections. The reflections aim to provide valuable 

insight into of the actions I took in order to develop and apply the framework in practice. 

Importantly, the reflections aim to provide explanations for why I believed these actions were 

appropriate. That is to say, the reflections are based on my experience of applying the initial 

version of the framework to the Co-PARS trial. The reflections offer insight into how the framework 

may be modified in a future refined version.  

For the costing approach I performed, I documented all of my decisions in an Excel spreadsheet so 

as my assumptions were transparent and I kept a record of the complexity in which was involved in 

my costing decisions (an example of the Excel spreadsheets is provided in Appendix C.2). In 

addition, I also reflect on relevant literature from the different disciplines. A key method I used in 

order to help me interpret the applicability of the framework was informal conversations and 

meetings with the Co-PARs trial team, my supervisory team, researchers from the Health 

Economic group at Deakin University (where I did a three week study placement) and the 

intervention staff. Meeting with this range of researchers and stakeholders ensured I was capturing 

a multidisciplinary perspective (e.g. public health, health economics, behavioural science).  

In particular, a key meeting I arranged was to discuss items 4-9 from my framework (identification, 

measurement and valuation of costs and effects). I wanted to understand how these six items were 

perceived from the multidisciplinary perspectives of the experts who I was working with. I arranged 

a one-hour consultation with my supervisory team and key members from the Co-PARs trial team. 

Key members from the trial team included the PhD student (BB) and the trial manager (PW) who 

was also one of my supervisors. Both were selected to be involved in the meeting as they had 

been involved in the design of the Co-PARs intervention content and the setting up of the 

intervention in the leisure centres. In addition, they both had expertise in physiology, public health 

and behavioural science. As discussed earlier in this PhD, my supervisory team also included a 

range of expertise (e.g. physiology, behavioural science and public health, health economics). I 

therefore deemed my supervisory teamôs involvement in the one-hour meeting as being valuable. 

In total six researchers (my four supervisors and two PhD students, which included myself) took 

part in the consultation. Prior to the meeting I circulated an agenda to inform everyone that we 

would focus our discussion around items 4-9 from my framework. These items all related to the 

data collection plan. More specifically they related to the identification, measurement and valuation 

of the cost and HRQoL data. The key objectives of my consultation meeting were to: (1) identify all 

perspectives (stakeholders) who could experience a change in cost or effects due to the Co-PARs 

trial; (2) discuss the feasibility of incorporating the resource use and EQ-5D-5L questionnaires in 

the patient questionnaire booklet as well as discuss the feasibility of capturing intervention costs 

through budget breakdowns and telephone interviews; (3) explain the different approaches to 

valuation I planned to use; and (4) clarify roles and responsibilities for the data collection process at 
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the key follow up time points. Overall, the meeting was a good example of multidisciplinary 

working.  

4.3. Methods for Aim 2: Economic Evaluation  

4.3.1. Trial design  

The present economic evaluation was part of a larger trial (Buckley et al., under review) which took 

place between 2018- 2019. The trial was a quasi-experimental design comparing three groups: (1) 

a co-produced PA referral scheme (Co-PARS); (2) a usual care ERS; and (3) a no treatment 

control group. The primary outcome measure for the trial was cardiorespiratory fitness (measured 

as change in VO2 max score). The primary outcome measure for the present economic evaluation 

was quality-adjusted life years (QALYs).  

Reflection on item 1.1- What components make up a well-defined study question? (costs and 

effects of two or more groups) 

In item 1.1. of the initial version of the framework, I explained that at least two comparator 

groups are required for an economic study to be identified as a ñfullò economic evaluation by the 

health economic community. The Co-PARS clinical effectiveness evaluation was being set up to 

compare the effects of three comparator groups. ñPiggy-backingò the economic evaluation on the 

back of the effectiveness trial would necessitate additional data to be collected to capture 

resource use and HRQoL. I discussed this with the trail team and we came to the conclusion that 

the additional collection of economic data would not involve changing the fundamental design of 

the trial and would also be inexpensive to do.  
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Reflection on item 3- What is an appropriate study design for a trial-based economic evaluation? 

In item 3 of the initial framework, I recommend that a PA trial is delivered in a setting which 

reflect the óreal worldô. By this I mean a setting where the intervention could be rolled out in 

practice on a larger scale. Both the Co-PARs and usual care interventions were set within a local 

authority leisure centre and delivered by a qualified exercise referral practitioner (ERP) which 

reflected what is likely to happen under óreal worldô conditions. Prior to starting this PhD I had not 

been involved in the design or delivery of a clinical trial before. It was through the regular 

monthly meetings I had with the Co-PARs trial team that I became aware of the numerous trial 

design decisions that had been made during and immediately following the feasibility trial in 

order to inform the definitive trial design. I tried to understand whether these various trial design 

decisions were appropriate from a health economic perspective by consulting the Drummond 

Handbook for Economic Evaluation for Health Care Programmes.  

 

In the Handbook I came across a tool called the pragmatic-explanatory continuum indicator 

summary (PRECIS) which described several domains for trial design (Thorpe et al., 2009). In 

turn, this reference led me to a more refined version of the PRECIS tool, called the PRECIS-2 

tool which discusses 9 domains of trial design (Loudon et al., 2015). The PRECIS-2 tools is 

designed to help researchers understand how trial design impacts on the degree to which the 

trialôs results can be used to inform óreal worldô decision making. I recognised this was an 

important factor to consider. During my Masters in Public Health I had learnt about a concept 

called the óimplementation gapô. The óimplementation gapô refers to the problem where the 

results of health research are valid in the context of a óideal conditionsô but are not fit to inform 

óreal worldô decisions. As the purpose of economic evaluations are to inform óreal worldô resource 

allocation decisions, then there is consensus that economic evaluations should be conducted 

alongside more pragmatic orientated trials as opposed to explanatory trials. I therefore felt it is 

important that I recommend that the framework encourages health economic researchers to 

reflect on the PRECIS-2 tool from the trial outset.   

 

4.3.2. Participants and recruitment  

The target population for the trial was adults (Ó18 years old) who had a health-related risk factor 

(e.g. hypertension, non-diabetic hyperglycaemia, obesity) and/or a health condition (e.g. diabetes, 

cardiovascular disease, depression) that may be improved through PA. Participants with 

uncontrolled health-conditions and severe psychological or neurological conditions were excluded. 

Participants from the Co-PARS and usual care were invited to take part in the trial by the 

receptionists at the leisure centres. This took place when patients visited the leisure centre to book 

their induction (after being referred to the leisure centre by a health professional). After participants 

consented to having their contact details shared, one of two PhD researchers (Ben Buckley) sent 

the participant an information sheet before full consent was obtained. Participants in the no-

treatment control were recruited via posters, electronic invitations, email communications and 

ClinicalTrials.gov. Ethical approval was obtained from the North West - Preston Research Ethics 
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Committee (NHS Health Research Authority): 18/NW/0039. Both PhD researchers (Madeleine 

Cochrane and Ben Buckley) attended the ethics committee interview. 

4.3.3. Comparator groups 

All comparator groups received a lifestyles advice booklet, which contained information on England 

and Waleôs national guidance for PA, diet, smoking and alcohol.  

4.3.3.1. Usual Care exercise referral scheme (ERS) 

Usual care followed a standard ERS model, which comprised of one 1-hour induction to the leisure 

centre by an exercise referral practitioner (ERP). This was followed by 12 weeks free access to the 

swimming pool and subsidised access (£1 per visit) to the gym and group classes during off-peak 

hours. During the one-hour induction, the ERP devised a 12-week exercise plan appropriate for the 

health condition of the participant. 

4.3.3.2. Co-developed PA of referral scheme (Co-PARS) 

Co-PARS included the same 12 weeks free and subsidised access to the leisure centre and one 1-

hour induction. In addition, Co-PARS included four 30-minute consultations with the ERP, which 

took place at week 4, 8, 12 and 16. The aim of the Co-PARS intervention was to achieve sustained 

improvement in PA by encouraging people to incorporate PA into their daily activities. Furthermore, 

the Co-PARS intervention draw on evidence-based behaviour change techniques such as goal-

setting and self-monitoring, that were underpinned by self-determination theory (SDT) (Buckley et 

al., 2018).  

4.3.3.3. Control 

The control group received no treatment except for the lifestyles advice booklet. 

Reflections on item 2-  What does a comprehensive description of the comparator groups look 

like?  

As recommended in the initial framework, the trial protocol and CONSORT flow diagram were 

consulted in order to describe the three comparator groups: (1) 18-week co-developed PA on 

referral scheme (Co-PARS); (2) 12-week usual care (defined as existing exercise referral 

scheme); and (3) no treatment control. The descriptions in the protocol and CONSORT flow 

diagram provided an initial overview of the intervention groups, however I felt that analysing the 

pathway in this way did not provide enough detail about the context in which the interventions 

were delivered and the resource quantities involved. I noted that item 6 in my framework offered 

a more comprehensive approach to describing the comparator groups. This repetition of items 2 

and 6 indicated to me that item 2 would not be required as a separate item, but could be 

incorporated into item 6.  

 

4.3.4. Type of economic evaluation 

This economic evaluation compares the costs and outcomes for the three intervention arms over a 

6-month time horizon (the 6 month time horizon meant discounting was not required). The primary 
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economic analysis was to conduct a trial-based cost-utility analysis (CUA) from a multi-agency UK 

public sector perspective (agencies are discussed in the subsequent section). The secondary 

economic analysis was to conduct a cost-consequence analysis (CCA). The methodological 

approach was informed by the recommended framework in Chapter 3. Full details on how the initial 

version of the framework has been applied to this trial is documented alongside the study 

reflections findings in section 5.3.4.  

Reflections for item 1.2- What components make up a well-defined study question? (Primary 

Analysis) 

In item 1.2 of the initial version of the framework, I advise that it is helpful for analysts to check 

their countryôs guidelines (referred to as the óreference caseô by the health economics 

community) to see if there is a preferred analysis type for that country. The UKôs reference case 

recommends a CUA is performed for the primary base case analysis. This explains why I 

decided to conduct a CUA for the primary analysis. I felt it was important that my analysis 

technique was consistent with other UK-based economic evaluations. The UKôs reference case 

specifies CEA (where outcomes are reported in their natural units), CBA and CCA are 

appropriate for additional analyses. In my systematic review (Chapter 2), I concluded that a CCA 

conducted alongside a CUA or CEA would be helpful for the multi-sector audience of the PA and 

SB interventions to see a breakdown of the costs and outcomes which relate to them. I had not 

identified any examples of CBA applied to PA through my review, so I did not feel confident in 

carrying out a CBA without accessing additional training. At the time I was planning my analysis, 

I did not come across any practical training opportunities in the UK.   

 

4.3.4.1. Perspective 

The CUA was conducted from the multi-agency public sector perspective, which included: primary 

and secondary healthcare agencies, local government (payer), the leisure centre (provider and set 

up costs) and the research institute (set-up costs), as recommended for interventions outside the 

healthcare setting (NICE, 2014a). The CCA included the public sector agencies outlined for the 

CUA, as well as the participantsô perspective. Cost categories for each perspective and economic 

evaluation type are outlined in Table 6.  

Table 6. Perspective, costs categories and economic analysis 

Sector Perspective Cost category Economic 

evaluation type 

Public  Payer intervention 

costs 

Intervention operating 

costs 

CUA; CCA 

CCA 

Leisure Centre 

(Provider) 

Intervention additional 

operating costs 

CUA; CCA 

Healthcare sector Primary healthcare CUA; CCA 

Secondary healthcare CUA; CCA 



 
 

99 
 
 

Prescriptions CCA 

Research Institute Intervention set up 

costs 

CCA 

Private Participant (Private 

individual) 

Time costs CCA 

Travel costs CCA 

Out-of-pocket costs CCA 

CUA ï cost utility analysis, CCA ï cost consequence analysis 

 

4.3.4.2. Data collection procedure 

The trial had three key data collection points. Baseline data was collected 1-3 weeks prior the 

intervention start date. The two follow up time points took place 12 weeks and 6 months after the 

intervention start date. Baseline and 12-week data collection took place in the university 

laboratories. Participants had various physiological measures taken which are described in the 

main trial (Buckley et al. under review). The demographic and economic were measures using self-

reported questionnaires. Six-month data collection was collected via post; the PhD researcher 

(Madeleine Cochrane) was responsible for coordinating this data collection. In addition Madeleine 

Cochrane was responsible for the data handling and analysis of all economic data from the three 

time points. Additional intervention cost data was sought by Madeleine Cochrane through a face-to-

Reflection for item 1.2-  What components make up a well-defined study question? 

(Perspective) 

In item 1.2 of the initial version of the framework, I advise that the primary analysis is 

conducted from the public sector perspective. In my previous role as a Research Assistant, I 

had frequently been involved in identifying the stakeholders involved in the service 

evaluations I was performing. I believe this experience of identifying stakeholders helped 

me recognise that the health economic term óperspectiveô is similar to the public health term 

óstakeholderô. Furthermore, I was able to recognise that the payerôs point of view in the Co-

PARS evaluation is the local government and that the provider was the local authority 

leisure centre.  

Prior to conducting the systematic review, I had not considered set-up costs as being 

different to the delivery costs. In my systematic review (Chapter 2), the study by Edwards et 

al. (2013) had identified set-up costs as a key cost category. That said, during my research 

placement at Deakin University, the health economists informed me that they do not usually 

include set-up costs in their economic evaluations. They explained that their countryôs 

guidelines preferred them to evaluate interventions as though they are operating as a 

ósteady stateô. The UKôs economic guidelines do not specify whether public health 

evaluations should include set-up costs, I therefore chose to take a more comprehensive 

approach and included it. 
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face consultation with the gym manager and ERP at each leisure centre. The researcher Ben 

Buckley, who was also responsible for all clinical data, collected data at baseline and 12 weeks. 

 

4.3.5. Cost measures 

Costing necessitated the collection of two types of data: (1) quantities; and (2) unit costs. For the 

present study, primary data collection methods were used to estimate resource use quantities, 

while unit costs came from secondary sources except for participant costs, which used actual 

prices reported by the participants. Measurement tools used to capture resource use quantities are 

outlined below and described in Appendices B.1 and C.3. Research costs were not included in the 

study. Costs categories included are detailed in the subsequent sections. 

Reflections on item 4- What costs are important and relevant? 

In item 4 of the framework I provide examples of five perspectives that may be relevant to the 

analysis of a PA intervention: the payer, the provider, health care, the participant and the 

employer. In order to help me identify the organisations and individuals which related to these 

five categories for the Co-PARS trial I arranged a one-hour consultation with my supervisory 

team and key members from the Co-PARs trial (see section 4.2 for further details on the 

consultation). At the meeting, the trial team confirmed that the payer of the intervention was the 

local authority and that the leisure centre was the provider. In terms of including healthcare 

costs, although no-one at the meeting had experience of collecting these costs in a trial-based 

evaluation, there was recognition that from a public health perspective the Co-PARs intervention 

could have the potential to reduce the demand for primary care visits and prescribed 

medications. Similarly, no-one at the meeting had experience of including participant out-of-

pocket costs in their trial-based questionnaire booklets, however there was consensus from a 

behavioural science perspective as well as an equity (public health) perspective that the financial 

and time costs incurred by the participant were important as they might reveal hidden barriers 

which had not been considered e.g. the type and amount of time given up to travel to and 

participant in the Co-PARs intervention. I feel the health economic perspective of time being 

given up by the participant was an interesting discussion which many of us at the meeting had 

not previous incorporated into our data collection questionnaires. The meeting also helped me 

recognise the benefits of meeting with the trial team to capture a multidisciplinary perspective.   

 

4.3.5.1. Intervention costs: quantities 

It was initially intended that a budget breakdown of the intervention costs would be acquired from 

the local government who allocate funding to the ERS programmes across the Liverpool region. 

This budget breakdown was not available since funding was based on a payment transfer system. 

Instead, a microcosting exercise was conducted. The CONSORT flow diagram from the larger trial 

(Appendix C.1) was firstly used to identify key intervention activities for each site. Further detail on 

the activities (e.g. how they were delivered and/or modified in practice) were captured 
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retrospectively through a one-hour consultation with the ERP and leisure centre manager at each 

intervention site. The TIDieR framework checklist was used to guide the discussion. This data was 

recorded in a modified version of the microcosting tool (Appendix C.1 provides an example on how 

the microcosting tool was applied).  
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Reflections on item 6.1- How can costs be measured? 

Intervention operating and set up costs (planned and additional costs) 

It was not possible to access a budget breakdown for the ERS from the local authority since the 

payment system for the ERS programme was a block contract. As a result all intervention 

resource data were collected retrospectively through face-to-face meetings with the leisure 

centre managers (n=2), ERPs (n=2) and the trial manager (n=1). Research costs were not 

included in the analysis, however the trial manager was consulted as they were able to recall the 

number of meetings that were needed between the ERP, leisure centre managers and local 

authority staff in order to set up and provide information about the new Co-PARS intervention. I 

had not been involved in the development and set-up of the Co-PARS intervention at the leisure 

centres since this preliminary work began at the beginning of 2016, before I had begun my PhD 

project. Therefore I was not able to ask the trial team to document these set up costs. I feel that 

a key learning point for me was that it would be helpful to have a health economic perspective 

involved from the inception of the project. In addition, another key learning point for me was 

about the benefits of being flexible with the intervention staff. I had originally planned to arrange 

telephone interviews with the intervention staff to collect intervention resource use data. 

Nonetheless, the leisure centre staff requested if they could meet face-to-face and so I changed 

my approach in order to ensure this resource use data was collected. 

 

I also changed my microcosting approach. I had originally recommended that the CONSORT 

flow diagram and trial protocol could be used to identify resource use quantities. However, I 

found that this approach did not comprehensively identify all intervention resources. Prior to 

collecting data on the intervention costs, I had become aware through informal conversations 

with the trial team that the intervention was more complex than I thought and involved multiple 

components. I therefore became aware that the brief telephone interview schedule (Appendix 

B.1) and the simple microcosting tool (Table 5 in Chapter 3) I had proposed in the original 

framework in Chapter 3 were unlikely to be able to capture the complexity of the Co-PARs and 

usual care intervention. I sought advice around capturing the complexity of the intervention from 

one of the senior health economists from Deakin University who I had met during my study 

placement and who had experience of costing public health interventions. They informed me 

about an approach called ópathway analysisô which was used in the ACE-Prevention project (Vos 

et al., 2007). ACE-Prevention was a national project in Australia involving Deakin University, 

which assessed the cost-effectiveness of preventative interventions. I was informed that pathway 

analysis can be helpful for conceptualising a complex intervention as it asks: ñwho does what, to 

whom, when, where, and how often?ò (Vos et al. 2007: 11). I recognised that this analysis 

framework was very similar to item 2 of the critical appraisal checklist by Drummond et al. (2015) 

which I had used in my systematic review (Chapter 2). The critical appraisal checklist explains 

that identification of intervention costs requires information about: ñwho does what to whom, 

where, and how often?ò (Drummond et al. 2015: 45). This indicated to me that there was some 

evidence of consensus across the health economic literature, on how interventions can be 
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conceptualised. I made a similar observation with the template for intervention description and 

replication (TIDieR) framework which is published in the public health and behavioural science 

literature. Similar to the ACE-prevention and Drummondôs checklist, the information deemed 

important for understanding an intervention using the TIDieR checklist is: ñwhy, what, who 

provided, how, where, when and how much, tailoring, modifications and how well?ò. The TIDieR 

checklist includes additional factors such as óhowô, ótailoringô, ómodificationsô and óhow wellô. The 

latter two concepts (modifications and how well) refer to the difference between the planned 

intervention and the intervention that was actually delivered in practice. I recognised that these 

two items had the potential to capture data which distinguished between the planned costs and 

actual costs (e.g. any additional costs) which I had identified in one of the studies in my 

systematic review (Edwards et al., 2013b).  

 

From the perspective of the behavioural science and public health literature, the authors of the 

TIDieR checklist explain that a comprehensive description is important for replicating the 

intervention and using the results as historically interventions have been poorly described in 

clinical effectiveness literature (Hoffmann et al., 2014). Poor reporting is thought to be due to 

journal authors and editors not having provided guidance on what to report (Schroter, Glasziou, 

& Heneghan, 2012). From a health economic perspective, a comprehensive description of the 

intervention is important as the resources used to deliver the interventions may drive the cost 

and explain the cost-effectiveness result (Anderson, 2010). From the perspective of the 

behavioural science literature, the description is important and may explain some of the 

mechanisms of behaviour change which can help with the design of a more effective and 

efficient intervention (Michie et al., 2013). Overall, these observations helped me identify an area 

for where multidisciplinary working had the potential to succeed.   

 

4.3.5.2. Intervention costs: unit costs   

Published unit costs were used as recommended in the framework (Chapter 3). This included costs 

for staff time to deliver and set up the intervention (e.g. time of the ERP, Receptionist and 

Researcher). The salary unit costs used included overhead costs in their calculations, therefore the 

cost of the capital equipment used to deliver the intervention (e.g. the private room, IT system and 

telephone in the leisure centre and research institute) was not included in the analysis, but these 

items are still quantified in their natural units. Printing costs derived from published unit costs, while 

a proxy cost was assigned to the subsidised membership since no unit cost was available for this 

item. All unit cost calculations for the microcosting exercise are provided in Appendix C.2. 

4.3.5.3. Healthcare resource use: quantities 

An adapted version of a widely used healthcare utilisation questionnaire called the client service 

receipt inventory (CSRI) (Mayer and Beecham, 2005, Beecham and Knapp, 2001) was completed 

by participants. The questionnaire asked participants to recall their healthcare use over the 
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previous 6 months, therefore participants were only asked to complete the questionnaire at 

baseline and the 6-month data collection point.  

4.3.5.4. Healthcare resource use: unit costs 

Healthcare unit costs were sourced from the Englandôs annual Health and Social Care unit cost 

publication (Curtis and Burns, 2018). Participants were not asked to distinguish between their 

hospital outpatient and day case visits, consequently an average of the unit cost for outpatient and 

day case visits was assigned from Englandôs database for secondary care reference costs (NHS 

Improvement, 2018). Medication costs were reported in their natural units. Cost calculations and 

unit cost sources are provided in Appendix C.2.  

4.3.5.5. Participant resource use and opportunity cost of time 

An adapted version of the annotated patient costs questionnaire (Thompson and Wordsworth, 

2001) was completed by the participants at 12-weeks and 6 months (Appendix C.3). In brief, the 

questionnaire captured participantsô out-of-pocket costs and any time they spent participating in the 

intervention including whether this was time lost in work. In the CSRI healthcare questionnaire 

(described in the previous section), participants were asked to tick whether they paid privately for 

any healthcare costs. As the study was from the public sector perspective, these costs were 

reported in the CCA but excluded from the CUA. 

4.3.5.6. Participant costs: unit costs 

Time was reported in natural units (hours/ minutes). Out-of-pocket costs for equipment and leisure 

centre memberships were reported and valued using the actual prices reported by the participants. 

Private healthcare utilisation was reported using unit costs from the UKôs annual Health and Social 

Care unit cost publication (Curtis and Burns, 2018).  

4.3.5.7. Currency, price year and conversion for all costs 

Dates of all prices are reported in Appendix C.2. Nearly all unit costs came from secondary sources 

for the current price year (2018/19). Where the price year differed, a price-year adjusted cost 

estimate was calculated by adjusting unit costs to the target year (2018/19) and by applying the 

UKôs GDP deflator index (HM Treasury, 2019). All unit costs came from UK sources meaning it was 

not necessary to convert currencies. 
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Reflection on item 1.4- What components make up a well-defined study question? (Time 

Horizon) 

In item 1.4 of the framework presented in Chapter 3, I advise that if there are sufficient data, time 

and expertise, then a decision model can be conducted after the trial-based economic 

evaluation. There were two main barriers which precluded a decision-model being built for my 

analysis of the Co-PARS trial. These related to the time it would take to build a decision model 

from scratch and secondly my lack of my involvement in the early stages of the trial.  

 

Firstly, through discussions with other health economists during my study placement with Deakin 

Health Economics group we concluded that building a decision model from scratch for the Co-

PARs economic evaluation would be a time-consuming process and would be beyond the scope 

of the aims of my PhD project. Therefore, rather than building a model from scratch we 

concluded it would be sensible to contact the authors of the pre-existing models I identified in my 

systematic review (Chapter 2) to see if they were able to share the data they had used to build 

their model. I contacted the two key corresponding authors of the PA models from my systematic 

review twice, however I received no reply from either author.  

 

Secondly, another barrier related to the fact that I had conducted my systematic review at the 

same time in which the feasibility study for the Co-PARS trial was being carried out. I therefore 

conducted my review before the study design for the definitive trial of Co-PARS had been 

finalised. I was aware that PA levels was being measured as the primary outcome for the 

feasibility study. For this reason, I limited the eligibility criteria of the studies in my review to the 

assessment of PA levels only. Findings from the feasibility study, led the trial team to decide that 

there was not be enough time or resource to assess PA levels as the primary outcome for the 

definitive clinical effectiveness trial (since a large sample size would be required), therefore the 

trial was designed to be powered to collect VO2 max scores as the primary outcome. I had not 

identified any decision models in my systematic review where short-term VO2 max or EQ-5D 

scores had been used to link these short-term effects with long term impact (e.g. increase in 

QALYs and reduction in treatment costs).  

 

Both these barriers highlighted to me the need for sufficient time and appropriate data in order to 

build a decision model. This first-hand experience helped me understand why most analysts in 

my review had not gone on to produce a decision model after conducting a trial-based economic 

evaluation. This experience also highlighted to me the importance of the health economic 

analyst becoming involved in the feasibility stage of the trial rather than the definitive stage. I feel 

I would have benefit from getting involved earlier so as I could consider how the data 

completeness results might impact on the economic analysis plan for the definitive trial.  
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Reflections on item 10- How can costs and effects be discounted to a present day value? 

As I did not include future costs and effects in the analysis I was not required to apply a discount 

rate. The trial-based economic evaluation assessed costs and effects over a 6-month time 

horizon only.  

 

4.3.6. Economic outcome measures 

4.3.6.1. Quality-adjusted life years 

EuroQolôs validated and widely used generic measurement tool called the EQ-5D-5L (EuroQol 5 

dimension, 5 level) measured HRQoL (Rabin et al., 2011). Pre-existing preference weights 

(HRQoL index scores) for the UK population were matched to each health state to calculate each 

participantôs HRQoL utility score. This is the preferred method for the main economic analysis 

conducted from the UKôs public sector perspective (NICE, 2014a). The final step to deriving the 

EQ-5D scores involved mapping the EQ-5D-5L index scores to the EQ-5D-3L using a 

recommended mapping function (van Hout et al., 2012). Mapping is recommended in NICEôs 

recent position statement for the valuation of the EQ-5D-5L measurement tool (NICE, 2018). The 

EQ-5D-5L was completed at baseline, 12 weeks and 6 months. In order to calculate QALYs for 

each participant, an average of each participantôs three EQ-5D scores was used and then 

combined (through multiplication) with length of life, which at 6 months was 0.5 life years.  

Reflections on item 5- What effects are important and relevant?  

As recommended in item 5 of the framework, I used a single generic measure of health benefit 

for the primary outcome. Overall, item 5 was straightforward to apply. I feel this was because 

there is clear consensus on what the preferred methodological approach is for studies conducted 

from the UK. For instance, the UK reference case clearly stated that the Quality-Adjusted Life 

Year (QALY) is the preferred measure for the primary outcome of public health economic 

evaluations evaluation adult-based interventions (NICE, 2014a). More specifically, the EQ-5D 

measurement tool is recommended to measure the HRQoL part of the QALY calculation. In 

order to provide a breakdown of the QALY calculation I presented this in the CCA which was 

straightforward to do.  

 

4.3.6.2. Willingness-to-pay preferences 

At 6 months, participants across all three groups were asked about their willingness-to-pay (WTP) 

for a hypothetical PA on referral scheme that involved one-to-one consultations with an ERP and 

access to leisure centre services. WTP questions are outlined in Appendix C.3. 

4.3.7. Analysis 

4.3.7.1. Complete case analysis  

The CUA was a complete case analysis, which aligned to the intention-to-treat (ITT) principle. For 

multi-item measurement tools where only a small proportion of the data was missing (less than 

10%) it was deemed acceptable to impute the mean of each group for participants missing an item 
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(Eekhout et al., 2014). In the CCA medication data, participant costs and WTP questions were 

reported based on the number of available-cases. Heterogeneity between the groups was 

assessed through descriptive statistics by comparing the groupsô baseline characteristics.    

4.3.7.2. Summary statistics 

A patient-level analysis was performed, where costs and QALYs for each participant were 

presented. Total mean costs were calculated using the absolute intervention and healthcare costs 

incurred between baseline and the 6-month follow up period. Area under the care data for the 

period between baseline, 12 weeks and 6 months estimated the change in QALYs. From here, 

measures of central tendency for the QALYs and costs were calculated for each group. Co-PARS 

mean costs and QALYs were compared to the mean values for: (1) usual care; and (2) no-

treatment control. The incremental cost-effectiveness ratio (ICER) was estimated. Measures of 

sampling variability are presented alongside the point estimates (e.g. standard deviations and 95% 

confidence intervals). Results of both unadjusted and adjusted analyses are presented. For the 

adjusted analyses, multiple regression was performed to adjust for baseline differences in HRQoL 

utility values and healthcare costs. 

Reflections on item 12- What adjusted analyses can be performed? 

The six month costs and QALYs were adjusted for baseline imbalances in healthcare costs and 

HRQoL scores using multiple regression. Adjusting for baseline imbalances using multiple 

regression is a widely used statistical approach within the clinical effectiveness literature. I 

therefore identified several practical examples on how to conduct this analysis in practice. I 

therefore felt confident my approach and results (Table 8). 

 

4.3.7.3. Uncertainty analysis 

Since it is not possible to estimate standard error for a ratio statistic (Gray et al., 2012) stochastic 

uncertainty was assessed through a bootstrapping simulation of 1,000 bootstrapped replicates. 

From here, cost-effectiveness planes and cost-effectiveness acceptability curves were produced to 

help show the uncertainty in the summary statistics. In addition, a one-way scenario analysis was 

performed to consider the variation and uncertainty in the total cost estimate when a different unit 

cost was used for outpatient and day case patient.  

4.3.7.4. Equity considerations 

At baseline participants self-reported equity-relevant demographic data: socio-economic status 

(postcode area), age, sex, medical condition referred for, number of medical conditions, ethnicity 

and occupation status. Epidemiological evidence from the UK highlights that the following 

subgroups were more likely to be physically inactive: females, aged 55 or over, obese, living in the 

most deprived quintile (Scholes, 2017). The equity impact analysis was exploratory as it was 

performed for participants within the Co-PARS group only. This was because only the Co-PARS 

group had a large enough sample, to have subsamples of 10 or more observations. 
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4.3. Results of the Economic evaluation 

4.3.1. Baseline characteristics 

A total of 68 participants were enrolled onto the trial between March- August 2018, 55 of whom 

provided measures at all three time-points (Figure 5). The largest group across all three time points 

was the Co-PARS group. Participant characteristics for each comparator group are presented in 

Table 7. The table shows that the proportion of individuals in each group was similar for ethnicity, 

sex, age, referral reason and co-morbidity status (having more than one health condition). In 

general, across all groups the majority of participants were white British, had a co-morbidity and 

were aged 50 years or over. Almost half (48%, n=12/ 25) of the Co-PARS group lived in an area 

classed as Englandôs most deprived quintile compared to just over a quarter (28.5%, n=4/14) of the 

control group, and a fifth (18.8%, n=3/ 16) of the usual care group. Control group participants were 

more likely to be in full or part time employment than both Co-PARS and usual care participants. 

Furthermore, the Co-PARS and usual care groups included participants who were absent from 

work due to long-term sickness/ disability or retirement, while the control group included no 

participants with these characteristics. 

 

 

 

Figure 5. Flow diagram of participants enrolled on Co-PARS trial 
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Table 7. Baseline Characteristics 

Characteristic Comparator groups 

Co-PARS (n=25) 

 

Usual Care (n=16) Control (n=14) 

EQ-5D score 0.640 (0.039) 0.724 (0.049) 0.872 (0.053) 

Live in top 20% most 

deprived area 

nationally 

48.0% (n=12) 18.8% (n=3) 28.5% (n=4) 

Ethnicity: White 

British 

84.0% (n=21) 93.8% (n=15) 78.6% (n=11) 

Occupation: Full-

time employment 

20.0% (n=5) 25.0% (n=4) 71.4% (n=10) 

Occupation: Part-

time employment 

4.0% (n=1) 25.0% (n=4) 21.4% (n=3) 

Occupation: Retired 24.0% (n=6) 25.0% (n=4) 0.0% (n=0) 

Occupation: Long-

term sickness or 

disability 

28.0% (n=7) 12.5% (n=2) 0.0% (n=) 

Sex: Female 60% (n=15) 56.3% (n=9)  57.1% (n=) 

Main referral reason: 

Cardiometabolic 

60.0% (n=15) 43.8% (n=7) 64.3% (n=) 

Main referral reason: 

Mental Health 

24.0% (n=6) 18.8% (n=3) 21.4% (n=) 

Main referral reason: 

Musculoskeletal 

issues 

12.0% (n=3) 31.3% (n=5) 7.1% (n=1) 

Co-morbidity  88.0% (n=22) 100% (n= 16) 78.6% (n=11) 

Mean age (years) 55.9(±13.7) 55.3(±16.3) 49.6(±17.3) 

Aged 55 and over 56.0% (n=14) 56.3% (n=9) 50.0% (n=7) 

 

4.3.2. Cost-utility analysis 

4.3.2.1. Summary statistics 

Table 8 reports the CUA results adjusted for baseline differences. At 6 months follow-up mean 

incremental QALYs were higher in the Co-PARS group compared to usual care (+0.021, 95% CI: -

0.008 to 0.05) and the control group (+0.003, 95% CI: -0.03 to 0.036) (Table 8). At 6 months mean 

incremental costs were higher in the Co-PARS group compared to usual care (+£322.34, 95% CI: 

£-476.53 to £1,121.20) and the control group (+£471.27, 95% CI: £-363.95 to £1,306.48). In 

summary, the Co-PARS group costed more but gained more QALYs at 6 months follow up. 

Nevertheless, the 95% CIs indicate that there is uncertainty in whether the true difference is 
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negative or positive. In terms of cost-effectiveness, the point estimate of the ICER for Co-PARS 

compared to usual care was Ã15,349 per QALY. Employing NICEôs WTP threshold suggests Co-

PARS is cost-effective compared to usual care. By contrast, the ICER for Co-PARS vs. control 

group was Ã157,088 per QALY. Using NICEôs WTP threshold suggests Co-PARS is not cost-

effective compared to the control group. Results of the CUA based on the original unadjusted data 

are presented in Appendix C.4. See Table 9 in the CCA for breakdown in the results.   

Table 8. Results for CUA at 6 months 

Variable Co-PARS Usual Care ERS Control 

Mean at 6 months 

(SE) per participant 

Mean at 6 months 

(SE) per participant 

Mean at 6 months 

(SE) per participant 

QALYs & Costs at 6 months* 

QALYs 0.385 (SE:0.008; 95% 

CI: 0.37 to 0.40) 

 

0.364 (SE: 0.009; 

95% CI: 0.35 to 0.38) 

0.382 (SE: 0.010; 

95% CI: 0.36 to 0.40) 

Total costs  £852.82 (SE: 

£201.70; 95% CI: 

£447.90 to £1257.75) 

£530.49 (SE:£252.05; 

95% CI: £24.27 to 

£1,036.51) 

£381.56 (SE: £270.01; 

95% CI: £-160.51 to 

£923.63) 

Incremental QALYs & Costs * 

Incremental 

QALYs: Co-PARS 

vs Usual Care 

 

0.021 (SE:0.012; 95% CI: -0.008 to 0.05); p-value=0.230 

Incremental 

QALYs: Co-PARS 

vs Control 

 

0.003 (SE:0.013; 95% CI: -0.03 to 0.036); p-value=1.000 

Incremental Costs: 

Co-PARS vs Usual 

Care 

 

£322.34 (SE:£322.71; 95% CI: £-476.53 to £1,121.20); p-value=0.968 

Incremental Costs: 

Co-PARS vs 

Control 

£471.27 (SE:£337.39; 95% CI: £-363.95 to £1,306.48); p-value=0.506 

ICER statistic at 6 months* 

Variables Co-PARS vs Usual Care  Co-PARS vs Control 

ICER point 

estimate 

 

 

£15,349 per QALY £157,089 per QALY 
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ICER 95% CIs at 6 months** 

Variables Co-PARS vs Usual Care Co-PARS vs Control 

95% CI for ICER 

based on 1,000 

bootstrapped 

simulations 

-£188,650 to £229,599  -£16,035 to £374  

 *Adjusted for baseline imbalances in EQ-5D score and healthcare costs; ** original unadjusted data 

Reflections on item 1.2- CUA as the primary analysis 

The initial framework advised the following analysis items which relate to the analysis approach: 

conduct a CEA (or CUA) as the primary analysis (item 1); present an incremental analysis (item 

11); adjust for baseline imbalances (items 12); and assess uncertainty in the results (item 14). I 

conducted a CUA in line with the UKôs reference case. The first part of the CUA calculation was 

similar to the methods I had come across for public health clinical effectiveness evaluations. I 

observed a small difference in terminology between the effectiveness and economic evaluation 

literatures. In effectiveness evaluations the analysis is typically referred to as óthe between group 

difference in effectsô. In economic evaluations, the same analysis is referred to as óthe 

incremental effectsô and includes an assessment of the óthe incremental costsô (Table 8). 

Economic evaluations also have an additional second part to the óbetween group differenceô/ 

óincremental analysisô which does not feature in effectiveness evaluations. The between group 

difference in costs is typically compared to the between group difference in effects so as the 

ócost per effectô (e.g. cost per QALY) can be presented. I felt confident in how to calculate the 

incremental cost-effectiveness ratio, as I found a plethora of examples in the health economic 

literature. Nevertheless, the confidence intervals for the cost data in Table 8 indicate there is a 

large amount of sampling variation and thus a considerable amount of uncertainty in the results. 

This indicated to me that it may have been inappropriate to perform a CUA on the sample from 

this trial as the small sample size and non-randomised nature of the trial is likely to have 

influenced the results for the within and between group analyses.   
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Reflections on item 11- What summary statistics can be presented? 

An important observation I noted was that when I informed the non-health economic researchers 

from the Research Institute I was studying at, that the Co-PARS vs usual care result was 

ñÃ15,349 per QALYò they initially interpreted this result to mean that the Co-PARS intervention 

was decisively cost-effective. This made me aware of the consequence of reporting the ICER 

result by itself. I felt ICER statistic by itself did not inform people about the uncertainty that 

underpins my data and thus the ICER result. Similarly, through the informal conversations I had 

with non-health economic researchers at a PA conference in London in 2018 (the International 

Society for PA and Health congress), I became aware that many of the non-health economic 

researchers I spoke to had heard of the cost-effective result term the óICERô, but they had not 

heard of the uncertainty analyses that health economists typically present alongside ICER 

results e.g. cost-effectiveness plane and cost-effectiveness acceptability curve (CEAC). I 

therefore feel that item 11 (presentation of the ICER) could be combined with item 14 

(presentation of the uncertainty analyses) in order to encourage these results and analyses to be 

reported and interpreted in tandem.   

 

4.3.2.2. Uncertainty analyses 

The ICERsô 95% confidence intervals generated through the non-parametric bootstrapping 

simulation confirm the findings of the adjusted incremental analyses whereby there is substantial 

uncertainty in whether Co-PARS is associated with lower or higher QALYs and costs, and thus 

whether Co-PARS is likely to be cost-effective (Table 8). 

Cost-effectiveness planes 

The scatter plot of the bootstrapped incremental costs and QALYs comparing Co-PARS to usual 

care (Figure 6) shows that there is substantial uncertainty in whether Co-PARS generates a 

change in QALYs and costs compared to usual care. This is evident since the bootstrapped ICERs 

fall across all four quadrants of the cost-effectiveness plane. By contrast, the scatter plot of the 

bootstrapped incremental costs and QALYs comparing Co-PARS to the control group (Figure 7) 

shows that it is likely the Co-PAR group generates higher costs and less QALYs than the control 

group. This is evident since the majority of bootstrapped ICERs fall on the north-west quadrant of 

the cost-effectiveness plane.  
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Figure 6. Cost-effectiveness plane for Co-PARS vs usual care at 6 months 

 

 

Figure 7. Cost-effectiveness plane for Co-PARS vs control at 6 months 

Cost-effectiveness acceptability curves 

Cost-effectiveness acceptability curves (CEAC) have been presented to help show how the 

decision on whether the probabilistic findings are deemed cost-effective depends on NICEôs 

maximum willingness to pay threshold (£20,000-£30,000 per QALY). As shown in Figure 8, at a 

threshold of £30,000 per QALY, there is a 26.8% probability that Co-PARS will be cost-effective 

compared to usual care. This probability increases slightly when the threshold increases, indicating 

that the results are influenced by the difference in costs, rather than QALYs. Figure 9 shows that 

even at a threshold of £50,000 per QALY, Co-PARS had zero chance of being cost-effective 
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compared to the control group. This implies that the results are being driven by the difference in 

QALYs.  

 

Figure 8.Cost-effectiveness acceptability curve showing the probability of short-term (at 6 months) cost-
effectiveness for the Co-PARS group vs usual care group at different willingness to pay per quality adjusted 

life year (QALY) thresholds 

 

 

Figure 9. Cost-effectiveness acceptability curve showing the probability of short-term (at 6 months) cost-
effectiveness for the Co-PARS group vs control group at different willingness to pay per quality adjusted life 
year (QALY) thresholds 




































































































































































































































































































































































































































