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ABSTRACT 

Diabetes prevention: economic evaluation of individual case-based and population-wide 

prevention programmes and implications for public policy 

Samantha Roberts 

This thesis aims to inform diabetes prevention policy through economic evaluation of 

individual-case based and population-wide prevention programmes for type 2 diabetes 

(T2DM). Two broad approaches are described: i) individual case-based programmes focusing 

on individuals at high risk of T2DM and ii) population-wide programmes that seek to modify 

an entire population’s risk of developing T2DM.  

Published evidence on individual case-based interventions is described, with both lifestyle 

programmes and metformin appearing effective at reducing incidence of T2DM and being 

cost-effective at a willingness-to-pay threshold of £20,000/QALY. However, key differences 

were identified between current clinical guidelines/national policy in England and published 

economic evaluations. The implications of these different approaches to individual case-

based programmes, in terms of cost-effectiveness, budget impact and incidence of T2DM, 

are quantified using a de novo Markov model. This analysis found that whilst current UK 

national guidance and policy is likely to be cost-effective and have the most favourable 

budget impact, it will prevent fewer than 5% of incident cases of T2DM over 50 years.    



Alternative approaches to diabetes prevention, using population-wide programmes, are 

therefore identified. Their impact on T2DM, or its major risk factor of adiposity, is 

summarised through an overview of systematic reviews.  Four population-wide actions were 

associated with lower BMI, including sugar sweetened beverage tax, menu labelling, food 

store interventions and multi-component community interventions. However, impact on 

T2DM was impossible to quantify precisely due to lack of primary studies. A pre-existing 

micro-simulation model was utilised to quantify the potential impact of these interventions 

on healthcare costs associated with T2DM, QALYs and cumulative incidence of T2DM. This 

analysis found that these four interventions were associated with reduced costs relating to 

T2DM and increased QALYs. However, costs and benefits outside the health system 

precluded meaningful assessment of cost-effectiveness and the interventions resulted in 

only a small reduction in incidence of T2DM. 

These findings support a more comprehensive, complex systems approach to diabetes 

prevention policy that encompasses both individual case-based and population-wide 

programmes. They suggest that, even if all the available evidence-based policies described 

in this DPhil were implemented, they may still be insufficient to substantially reduce the 

prevalence of T2DM in England. This moves the diabetes prevention policy debate on from 

considering which single approach to adopt (individual case-based or population-wide) to 

considering how to implement a combination of programmes concurrently and continuing 

to search for new, promising interventions at both an individual and population level. 
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CHAPTER 1: INTRODUCTION 

1.1. OVERVIEW OF THESIS  

This thesis explores the impact of a range of prevention policies for type 2 diabetes (T2DM) 

on health system cost, health outcomes of individuals (quality-adjusted life years) and 

population health (incidence of T2DM).  

 

The high and rising prevalence of T2DM worldwide, and the associated economic costs, are 

well documented [1]. Consequently, diabetes prevention is a global public health priority [2-

4]. The question of whether to target preventive efforts at individuals, populations or both is 

debated [5]. Preventive efforts targeted at high-risk individuals (e.g. those with intermediate 

hyperglycaemia, defined in Chapter 2) include lifestyle behavioural change programmes or 

oral hypoglycaemic medications (metformin) [6]. Population-wide interventions, in contrast, 

seek to modify the entire population’s risk of developing the disease through a range of 

public health interventions [7].  

 

My DPhil started as an action research project in Newham, East London where a third of the 

adult population is at high risk of developing T2DM in the next 10 years [8]. I initially 

planned to undertake economic evaluations of local T2DM prevention programmes using 

the SocioTechnical Allocation of Resources (STAR) approach [9]. However, my collaboration 

on a systematic review of efficacy of screen and treat policies for high-risk individuals [10] 

revealed controversies in individual case-based approaches to prevention. While I was 

working on that review with others, Healthier You, the NHS Diabetes Prevention 
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Programme, based on individual case-based interventions, was developed and rolled out 

across England [3]. These two experiences led me to question whether the NHS Diabetes 

Prevention Programme was in fact the most effective approach to prevention, given the 

controversies in the existing literature. I consequently broadened the scope of this DPhil to 

consider alternative diabetes prevention policies, their impact on cost, quality-adjusted life 

years (QALYs) and incidence of T2DM and how these compared to current national policy in 

England and other developed countries. 

 

Beginning with a description of current diabetes prevention policy in England and other 

high-income countries and an outline of the controversies associated with identifying and 

managing people at high risk of developing T2DM, my DPhil addresses two groups of policy 

responses to the challenge of preventing T2DM: i) individual case based programmes 

targeted at participants at high risk of developing T2DM and ii) population-wide 

programmes targeting the entire population. 

 

The existing evidence of individual case-based prevention programmes’ impact on cost and 

health outcomes was synthesised through a systematic review. This found some evidence 

that lifestyle programmes and metformin were cost-effective, but most existing studies did 

not reflect UK guidelines in both the high-risk population selected and the intensity of 

lifestyle programme provided. The impact of these differences was examined using a de 

novo Markov model, which analysed nine alternative approaches to individual case-based 

prevention. This analysis indicated that, as I had anticipated, different definitions of high-

risk populations and different intensities of lifestyle programme do indeed lead to 
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differences in the cost-effectiveness of diabetes prevention programmes. And whilst low 

intensity lifestyle programmes, such as the NHS Diabetes Prevention Programme, were the 

most cost-effective with favourable budget impact, their impact on cumulative incidence of 

T2DM across a population was likely to be relatively small. 

 

These small gains in population-level incidence of T2DM suggested that population-wide 

diabetes prevention programmes may be an important part of a wider diabetes prevention 

policy. I therefore undertook an overview of systematic reviews of population-wide 

interventions aimed at preventing diabetes or its most important risk factor, obesity. This 

identified four population-wide actions that appeared promising in terms of reducing BMI: 

sugar sweetened beverage tax, menu labelling, food store interventions and multi-

component community interventions. However, impact on subsequent incidence of T2DM 

was impossible to quantify precisely due to the dearth of primary studies that had measured 

this outcome directly. I then undertook an economic evaluation of these population-wide 

actions using a pre-existing micro-simulation model developed by the UK Health Forum, an 

independent non-profit research organisation. This model showed that whilst these 

interventions appeared to reduce overall health system costs, their impact on cumulative 

incidence of T2DM remained small.  

 

The thesis concludes with a description of the implications of these findings for policy 

makers. 

 



 

18 
 

1.2. AIMS, RESEARCH QUESTIONS, OBJECTIVES AND STUDY DESIGN 

The aim of this thesis was to inform diabetes prevention policy through economic 

evaluation of individual-case based and population-wide diabetes prevention programmes. 

 

The research questions were: 

a) What is the efficacy and cost-effectiveness of individual case-based interventions for 

prevention of T2DM? 

b) What is the impact of alternative approaches to individual case-based prevention 

programmes on T2DM-related health system costs and health outcomes? 

c) What is the efficacy of population-wide prevention programmes targeting T2DM or 

its key risk factor, obesity? 

d) What is the impact of population-wide prevention programmes on T2DM-related 

health system costs and health outcomes? 

e) What are the implications of this research for policy makers developing T2DM 

prevention programmes? 

 

The research objectives were to: 

a) Synthesise existing evidence of efficacy and cost-effectiveness of individual case-

based interventions for prevention of T2DM 
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b) Quantify the impact of alternative approaches to individual case-based T2DM 

prevention programmes on health system cost and health outcomes 

c) Synthesise existing evidence of efficacy of population-wide prevention programmes 

targeting T2DM or its key risk factor, obesity 

d) Quantify the impact of population-wide prevention programmes on T2DM-related 

health system costs and health outcomes 

e) Draw out the implications of this research for policy makers developing T2DM 

prevention programmes 

 

This thesis includes six main study designs: 

a) Narrative review of current approaches to T2DM prevention to describe the most 

common types of individual case-based prevention programmes and their 

efficacy; 

b) Systematic review of economic evaluations of individual case-based T2DM 

prevention programmes to determine the cost-effectiveness of these 

programmes; 

c) Review of systematic reviews to define population-wide programmes that are 

effective in preventing T2DM or its main risk factor, obesity; 

d) Economic evaluation, creating a de novo Markov model, to determine the effect 

of alternative definitions of high risk populations and intensity of interventions 



 

20 
 

on cost, health outcomes and cost-effectiveness of individual case-based 

programmes; 

e) Economic evaluation, using a pre-existing microsimulation model, to quantify the 

impact of a range of population-wide prevention programmes on health system 

costs and health outcomes; 

f) Meta-analysis of studies describing population-wide programmes’ impact on 

body mass index (BMI) to determine parameter values for the economic 

evaluation of population-wide programmes outlined above. 

 

1.3. STRUCTURE OF THESIS 

CHAPTER 2: Current approaches to diabetes prevention (narrative review of the literature)  

T2DM prevention policies are formed in a context of lack of international consensus 

regarding how to identify high risk participants and different judgements regarding the 

efficacy and affordability of interventions. The aim of this narrative review was to: i) 

describe why diabetes prevention is important to policy makers and how those who have 

prioritised diabetes prevention have chosen to respond, ii) outline the range of approaches 

used to identify high-risk participants and iii) summarise evidence of efficacy of the most 

common elements of T2DM prevention policy. 

 

CHAPTER 3: Individual case-based approaches to preventing T2DM: Current evidence of 

cost-effectiveness and budget impact (systematic review) 

Chapter 3, which is based on a published systematic review in BMJ Open on which I was lead 

author [11], summarises the current evidence of cost-effectiveness of individual case-based 
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interventions (lifestyle programmes and metformin) and the extent to which this evidence 

supports current diabetes prevention policy in England.  Based on existing literature, 

metformin and lifestyle interventions in people at high risk of developing T2DM (due to 

intermediate hyperglycaemia) appear to be cost-effective but not cost saving, and impact 

on incident cases of diabetes is limited (0.1-1.6% reduction in incident cases). National 

T2DM prevention policy in the UK and US advocates pragmatic lifestyle programmes (less 

than 3 years in duration), and in the UK the use of HbA1c or fasting plasma glucose is 

recommended for identifying eligible participants for these programmes. However, most 

cost-effectiveness studies relate to different eligibility criteria for participants and a higher 

intensity of intervention, which limits the direct applicability of findings.  

 

CHAPTER 4: Individual case-based approaches to preventing T2DM: Economic evaluation of 

alternative programmes (economic evaluation using a Markov model) 

Chapter 4, which is based on a published paper in BMC Medicine on which I was lead author 

[12], explores the difference in cost-effectiveness related to different intensities of lifestyle 

programmes and different definitions of eligibility for T2DM prevention programmes, to 

address the gap in the literature regarding the most cost-effective diagnosis-intervention 

pairs identified in Chapter 3. An economic evaluation of nine alternative individual case-

based prevention programmes was undertaken using a de novo decision tree and Markov 

model, including analysis of impact at an individual level (e.g. ICERs) and a population level 

in England.  This analysis found that different eligibility criteria (defined by different types of 

intermediate hyperglycaemia) and different intensities of lifestyle programme do lead to 

differences in the cost-effectiveness of T2DM prevention programmes. Whilst a programme 

like the NHS Diabetes Prevention Programme (low intensity lifestyle intervention in people 
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with elevated HbA1c or IFG) was the most cost-effective and had the most favourable 

budget impact, an England-wide programme was unlikely to have a large impact on incident 

cases of T2DM (<3.5% reduction in cumulative incidence over 50 years).  

 

CHAPTER 5: Population-wide prevention programmes: Overview of population-level 

interventions aimed at reducing T2DM or BMI (overview of systematic reviews and meta-

analysis) 

This chapter, based on a paper in press for Obesity Reviews on which I am lead author, takes 

account of the limited population-level impact of individual case-based prevention 

programmes and explores which interventions could be promising elements of population-

wide diabetes prevention policies. An overview of systematic reviews was undertaken to 

identify population-wide programmes that are associated with prevention of T2DM or 

modification of its major risk factor, obesity. This identified a number of population-wide 

actions associated with a significant reduction in population-level BMI (sugar sweetened 

beverage tax, reduction in fruit and vegetable prices, menu labelling, food store 

interventions and multi-component community interventions). However, impact on T2DM 

was impossible to quantify precisely due to lack of primary studies.  Meta-analysis of studies 

describing population-wide programmes’ impact on body mass index (BMI) was undertaken 

to determine parameter values required for the economic evaluation of population-wide 

programmes outlined in Chapter 6. 
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CHAPTER 6: Population-wide prevention programmes: Economic evaluation of population-

wide obesity or diabetes prevention programmes (economic evaluation using 

microsimulation) 

Chapter 6 describes the potential impact of the promising population-wide policies 

described in Chapter 5 on health system costs and health outcomes (QALYs and cumulative 

incidence of T2DM). The findings of an economic evaluation (using a pre-existing micro-

simulation model) of four population-wide policies (sugar sweetened beverage tax, menu 

labelling, food store interventions and multi-component community interventions) are 

summarised. This analysis found that sugar sweetened beverage tax, menu labelling, food 

store interventions and multi-component community interventions lead to substantial gains 

in QALYs at a population level (176,722-544,678 QALYs gained over 50 years), a small 

reduction in T2DM-related health system costs (<0.1% T2DM-related direct healthcare costs 

over 50 years) and a small impact on cumulative incidence of T2DM (1.1-3.3% reduction 

over 50 years). 

 

CHAPTER 7: Conclusions and implications for policy makers 

Chapter 7 summarises the thesis and its contribution in the field of diabetes prevention 

policy. Methodological strengths and limitations of the thesis and implications for future 

research are outlined. The implications for those tasked with developing diabetes 

prevention policy are then discussed from two perspectives. Firstly, the evidence-based 

argument for a far more comprehensive approach to diabetes prevention policy (embracing 

individual case-based and population-wide approaches) is described based on the findings in 

Chapters 3 to 6. Secondly, I offer my personal reflections as a national policy maker on the 
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challenges of developing evidence-based policy in this area and a potential framework for 

action. 
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2. CURRENT APPROACHES TO TYPE 2 DIABETES PREVENTION – NARRATIVE REVIEW 

 

The content of this chapter is based partly on material published previously in the following 

peer-reviewed journal articles:  

• Roberts S, Barry E, Craig D, Airoldi M, Bevan G, Greenhalgh T. Preventing type 2 

diabetes: systematic review of studies of cost-effectiveness of lifestyle programmes 

and metformin, with and without screening, for pre-diabetes. BMJ Open. 

2017;7(11):e017184. 

My role: I conceptualised the study, led on the study design and data extraction, wrote 

the first draft of the paper and collated responses from other authors. I am the 

corresponding author and guarantor for the paper.  

 

• Barry E, Roberts S, Oke J, Vijayaraghavan S, Normansell R, Greenhalgh T. Efficacy and 

effectiveness of screen and treat policies in prevention of type 2 diabetes: systematic 

review and meta-analysis of screening tests and interventions. BMJ. 2017;356:i6538. 

My role: I was second reviewer on this paper. I checked abstracts for inclusion and 

undertook duplicate data extraction and quality assessment on a proportion of 

included studies. 
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2.1. BACKGROUND, AIMS AND OBJECTIVES 

T2DM prevention policies are formed in a context of lack of international consensus 

regarding how to identify high risk participants and different judgements regarding the 

efficacy and affordability of interventions [1]. The aim of this chapter is to: i) describe why 

diabetes prevention is important to policy makers, ii) outline the range of approaches to 

identifying people at high risk of T2DM, iii) summarise evidence of efficacy of the most 

common elements of diabetes prevention policy and iv) describe existing diabetes 

prevention policies in countries that have national or regional diabetes prevention 

programmes.   

 

Diabetes is a global health priority, with 415 million known adult cases worldwide, of which 

91% are T2DM [2]. Ageing of the population is predicted to drive substantial increases in 

prevalence (estimated to have increased to 642 million by 2040) [3], with particularly rapid 

increases in low- and middle-income countries [4]. The burden of complications in diabetes 

is high, including heart disease, stroke, neuropathy, nephropathy and retinopathy [5]. Type 

2 diabetes develops as a result of genetic, environmental and behavioural factors, including 

sedentary lifestyle and energy-rich, nutrient-poor diet, both of which predispose to obesity 

[6].  

 

Diabetes takes a significant toll on health budgets around the world, accounting for 5-20% 

of total healthcare expenditure in many countries [2]. Both absolute costs and proportion of 

overall health budgets for T2DM are set to increase further in future decades as prevalence 

rises, in the context of a marked reduction in the proportion of the population who are 
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economically active (e.g. in the UK, the relative economic burden per worker is expected to 

increase by 40-50% by 2060 [7]). Cost-effective treatment and prevention strategies, with 

acceptable budget impact, will therefore become increasingly important as resources 

become stretched. 

 

Given the potential impact on populations and health budgets, the burden of T2DM is a key 

issue for policy makers. In response, countries, including the US and UK, have developed 

national diabetes prevention programmes [8-11]. The design of large-scale prevention 

programmes incorporates a number of important choices: i) whether to modify the risk of 

high-risk individuals or the risk of the entire population, ii) if focusing on high risk 

individuals, whether to screen a portion of the population for diabetes risk or focus on 

people who are already known to be at high risk, iii) if no screening programme is in place, 

how to identify participants who may benefit from a diabetes prevention programme and 

iv) the role of different types of interventions (lifestyle programmes or metformin) and v) 

the optimum intensity and duration of these programmes [12,13].  

 

2.2. IDENTIFYING PEOPLE AT HIGH RISK OF TYPE 2 DIABETES 

Type 2 diabetes is often preceded by a phase of abnormal glucose regulation (called 

intermediate hyperglycaemia or prediabetes). Intermediate hyperglycaemia is a generic 

term that includes impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and 

HbA1c in the ‘at risk’ range [14]. One individual may have one, two or all three types of 
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intermediate hyperglycaemia. Table 2.1 describes these different definitions of intermediate 

hyperglycaemia, how they are diagnosed and current diagnostic guidelines [15-17].  

 

The distinction between types of intermediate hyperglycaemia is important for three 

reasons. Firstly, different definitions of intermediate hyperglycaemia are associated with 

distinct physiological changes. Impaired fasting glucose is associated with reduced hepatic 

insulin sensitivity, and first phase insulin response; impaired glucose tolerance is associated 

with reduced peripheral insulin sensitivity and second phase insulin response and HbA1c 

reflects aggregated blood glucose levels over time [18]. Secondly, progression to diabetes 

ranges from 3.6% to 7.6% annually depending on the type of intermediate hyperglycaemia 

[19]. Thirdly, impaired glucose tolerance is associated with increased risk of microvascular 

disease whereas the relationship is less clear for other types of intermediate 

hyperglycaemia [14]. Finally, there is evidence that people with different types of 

intermediate hyperglycaemia respond differently to the same intervention. For example, in 

a large US trial, the US Diabetes Prevention Program, lifestyle programs were less effective 

and metformin more effective in participants with IGT and HbA1c in the ‘at risk range’ 

compared to the entire cohort which were identified on the basis of IGT [20].   
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Table 2.1. Diagnostic criteria for intermediate hyperglycaemia/prediabetes 

Type of 

pre-

diabetes 

Description Diagnostic 

test used 

Criteria for diagnosis Incidence of 

T2DM 

(per person-

year) [19] 

WHO [15] ADA [16] IEC [17] 

Impaired 

glucose 

tolerance 

High blood glucose 2-

hours after a drink 

containing 75g of 

sugar (e.g. Lucozade) 

Oral glucose 

tolerance test 

2-hour 

post-load 

glucose of 

7-11.1 

mmol/L 

2-hour 

post-load 

glucose of 

7-11.1 

mmol/L 

N/A 0.045 

Impaired 

fasting 

glucose 

High blood glucose 

following a period of 

fasting 

Fasting 

plasma 

glucose 

6.0-6.9 

mmol/L 

5.6-6.9 

mmol/L 

N/A WHO criteria: 

0.047 

ADA criteria: 

0.036 

HbA1c ‘at 

risk’ range 

Glycated haemoglobin 

which estimates blood 

glucose levels over 

the previous 2-3 

months 

HbA1c 6.0-6.4% 5.7-6.4% 6.0-6.4% WHO criteria: 

0.036 

Impaired 

glucose 

tolerance 

AND 

impaired 

fasting 

glucose 

As above Fasting 

plasma 

glucose AND 

oral glucose 

tolerance test 

2-hour 

post-load 

glucose: 7-

11.1 

mmol/L 

and 

Fasting 

plasma 

glucose: 

6.0-6.9 

mmol/L 

2-hour 

post-load 

glucose: 7-

11.1 

mmol/L 

and 

Fasting 

plasma 

glucose: 

5.6-6.9 

mmol/L 

N/A WHO criteria: 

0.70 

WHO: World Health Organisation, IEC: International Expert Committee, ADA: American Diabetes Association. 

 

2.3. DEVELOPING PROGRAMMES FOR PEOPLE AT HIGH RISK OF T2DM 

Intermediate hyperglycaemia is almost always asymptomatic. It tends to be diagnosed 

incidentally (when blood tests are performed for other reasons) or as part of a pro-active 

screening programme delivered either to an entire population or to selected individuals. 

Most commonly, screening blood tests are offered to people identified as at high risk of 
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developing T2DM based on demographic variables (e.g. age, ethnicity), survey questions 

(e.g. family history of T2DM, personal history of gestational diabetes) or biomarkers (e.g. 

body mass index, blood pressure), typically combined in a ‘T2DM risk score’ [21]. People 

diagnosed with intermediate hyperglycaemia may be offered a lifestyle programme (to 

encourage a healthy diet and increased physical activity) or metformin [22]. These 

interventions have been shown to delay or prevent type 2 diabetes in a significant 

proportion of participants in large randomised trials in the US [23], Europe [24], China [25] 

and India [26]. Lifestyle programmes in these trials were intensive and sustained: 3-10 years 

of individual and group sessions provided by specialist staff (dieticians or exercise 

physiologists with annual physician review). Participants of these four large trials were all 

selected on the basis of impaired glucose tolerance (IGT), a test for intermediate 

hyperglycaemia that is not used in routine clinical practice. 

 

Subsequent translation of these findings into large-scale community-based programmes 

produced interventions that were both shorter (3-12 months) and less intense (e.g. they 

offered less sessions and were delivered to groups rather than individuals by non-specialist 

staff such as lay workers or prevention managers). These large-scale community-based 

programmes have been offered to populations of similar age and BMI to the large trials but 

with different selection criteria (e.g. selection based on elements of the metabolic 

syndrome rather than the criteria of impaired glucose tolerance seen in the large trials) [27].  

There is some evidence that these pragmatic interventions offered to a real-world 

population deliver more limited and less sustained benefits than were seen with more 

intensive interventions in trial populations [28]. 
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The efficacy of diabetes prevention programmes is typically measured by a reduction in 

relative risk of T2DM. Recent meta-analyses have found both the length of the lifestyle 

programme and the method for identifying eligible participants to be associated with 

differences in relative risk reduction. A recent meta-analysis [12] found that lifestyle 

programmes reduce the relative risk of developing T2DM by 32% (95% CI: 15-45%) for 

interventions lasting 1-2 years and by 37% (95% CI: 18 to 46%) for interventions lasting 3-6 

years. A subsequent meta-analysis that I undertook [29] found that studies that identified 

participants based on IGT and provided lifestyle programmes >=3 years, reduced the relative 

risk of T2DM by 45%, but in studies that identified participants on the basis of IFG and 

provided participants with lifestyle programmes of >=3 years duration, the relative risk 

reduction was 38%. No studies in these meta-analyses used HbA1c alone as the diagnostic 

criteria for selecting participants. Meta-analysis evaluating the impact of metformin [12] 

showed a relative risk reduction of 26% (95% CI: 16 to 35%) whilst participants were on this 

medication. To my knowledge, there are no follow up studies evaluating persistence of 

benefit once metformin had been discontinued.  

 

2.4. CURRENT NATIONAL OR REGIONAL DIABETES PREVENTION PROGRAMMES 

Given the prevalence of T2DM and its associated costs, some countries have developed 

large scale (national or regional) diabetes prevention programmes. Finland was the first 

country to launch a national diabetes prevention programme in 2003, combining lifestyle 

programmes for high risk individuals with an early treatment strategy for people with screen 

detected T2DM and a population strategy aimed at increasing awareness of diabetes and its 

risk factors [11]. In 2007, Australia launched a state-wide programme across Victoria 

focusing on a lifestyle programme for people aged 50-70 years at high risk of T2DM [10,30]. 
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In 2012, the Centre for Disease Control was tasked with deploying the National Diabetes 

Prevention Programme in the US, working with 220 provider organisations in 40 states, also 

focusing on a lifestyle programme for participants with intermediate hyperglycaemia [8]. 

Most recently, in 2016, Healthier You, the NHS’ Diabetes Prevention Programme, a 9-month 

lifestyle programme was launched in England [9] (Table 2.2).  

 

Table 2.2.  Description of large-scale national or regional diabetes prevention programmes 

Country, year of 

introduction and 

programme 

Core components Participant 

identification 

Components of lifestyle 

programme 

Effect 

Finland, 2003 

 

National 

Programme for 

the Prevention of 

Type 2 Diabetes 

[11] 

 

1. Lifestyle 

programmes 

for high-risk 

individuals 

2. Early treatment 

for those with 

screen-

detected T2DM 

3. Population 

strategy to 

increase 

awareness 

Opportunistic 

screening with 

diabetes risk score 

(FINDRISC) in 

healthcare centres, 

pharmacies and 

public events 

 

Blood test (OGTT) in 

people with FINDRISC 

score >=15  

1-2 nurse-led baseline visits 

 

Average of 2.9 intervention 

visits in first year – including 

individual or group 

education and counselling 

sessions 

At 12 months: 

Weight: -1.2kg 

(p<0.0001) 

 

BMI: -0.4 

kg/m2 

(p<0.0001) 

Australia, 2007 

 

Evaluated by the 

Melbourne 

Diabetes 

Prevention Study  

[10,30] 

Lifestyle 

programme for 

high-risk individuals 

Screening with 

diabetes risk score 

(FINDRISC) in people 

aged 50-70 years 

recruited through 

health providers, 

pharmacies, 

community 

organisations and 

events 

 

Blood test (FPG or 

OGTT) in people with 

FINDRISC>=15 

 

6 sessions in 12 months: 

• Initial 30-45 min 

individual session 

• Four 90-minute 

group lifestyle 

sessions at 2-

weekly intervals 

• Fifth session at 8 

months 

At 12 months: 

Weight: -

1.13kg 

(p=0.016) 

 

No significant 

change in 

measures of 

intermediate 

hyperglycaemia 

(FPG or 2-hour 

measurement 

in OGTT) 
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US, 2012 

 

National Diabetes 

Prevention 

Program  

[8] 

Intensive lifestyle 

programme for 

high-risk individuals 

Blood test (FPG, 

HbA1c or OGTT)  

Up to 22 sessions in 12 

months (average number 

attended = 14): 

• 16 hourly-sessions 

at weekly intervals 

in first 6 months 

• 6 sessions at 

monthly intervals 

for the next 6 

months 

 

At four years: 

Weight: -4.2% 

of body weight  

 

England, 2016 

 

Healthier You 

NHS Diabetes 

Prevention 

Programme 

[9] 

Lifestyle 

programme for 

high-risk individuals 

Blood test (FPG or 

HbA1c) during: 

• NHS Health Check 

• Routine clinical 

care 

 

13 face-to-face group-based 

sessions over 9 months (at 

least 16 hours of contact 

time)  

Not yet 

reported  

 

 

 

Despite a common focus on individual case-based approaches (namely lifestyle programmes 

less than 12 months’ duration), national or regional prevention programmes differ in terms 

of the eligible population and intensity of the intervention. And whilst the programmes in 

Finland, Australia and the US have shown promising early results in terms of weight loss, no 

studies have yet examined the impact on population-level incidence and prevalence of 

T2DM resulting from these large-scale programmes.  

 

My primary concern in undertaking this DPhil was the implications of findings for England’s 

diabetes prevention policy. Whilst Chapters 3 and 5 review the international literature on 

alternative approaches to diabetes prevention, chapters 4 and 6 quantify the impact of 

alternative diabetes prevention policies on the English population. However, given the 
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similarity in approach between England’s Diabetes Prevention Programme and those of 

other high-income countries, the findings described in this thesis may be generalizable at a 

high level.  

 

2.5. SUMMARY AND CONCLUSION 

T2DM is a global public health priority due to high prevalence, significant impact on quality 

and length of life due to micro- and macro-vascular complications, and is a source of 

substantial costs in health systems around the world. 

 

This narrative review has summarised three findings from the published literature. Firstly, 

seminal studies in the US, Finland, China and India found that T2DM can be prevented 

through lifestyle programs or an oral hypoglycaemia medication (metformin), that is 

individual case-based programmes targeted towards high-risk individuals. However, 

subsequent studies of effectiveness of lifestyle programmes have illustrated more modest 

effects on T2DM incidence, compared to trial-based studies of efficacy. Secondly, there is a 

lack of consensus on how to identify participants for individual-case based prevention 

programmes, with three different blood tests used to identify intermediate hyperglycaemia, 

which is associated with an increased risk of developing T2DM. Different types of 

intermediate hyperglycaemia are associated with different pathophysiological changes, 

incidence of T2DM and response to preventative programmes. Thirdly, governments in 

Finland, Australia, the US and England have developed national or regional diabetes 

prevention programmes, predominantly focusing on lifestyle programmes in high-risk 
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individuals. These programmes differ in both the intensity of the intervention provided and 

the method for identifying eligible participants.    

 

These findings raise a number of unanswered questions about the efficacy, costs and cost-

effectiveness of diabetes prevention programmes, which I go on to address in the next four 

chapters. First, the gap between existing evidence of cost-effectiveness of individual case-

based interventions and current diabetes prevention policies is explored in Chapter 3.  

Second, an economic evaluation of alternative approaches to individual case-based 

interventions is summarised in Chapter 4. I then turn to examining population-wide 

prevention programmes, with Chapter 5 summarising population-wide programmes that 

have an impact on BMI (an important risk factor for T2DM) and Chapter 6 undertaking an 

economic evaluation of these programmes. This thesis concludes with a summary of 

findings and their implications for policy makers developing diabetes prevention 

programmes. 
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CHAPTER THREE  

 

Individual case-based approaches to 

preventing T2DM:  

Current evidence of cost-effectiveness 

and budget impact 
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3: INDIVIDUAL CASE-BASED APPROACHES TO PREVENTING T2DM – SYSTEMATIC REVIEW OF 

CURRENT EVIDENCE OF COST-EFFECTIVENESS AND BUDGET IMPACT 

 

The content of this chapter is based partly on material published previously in the following 

peer-reviewed journal articles:  

• Roberts S, Barry E, Craig D, Airoldi M, Bevan G, Greenhalgh T. Preventing type 2 

diabetes: systematic review of studies of cost-effectiveness of lifestyle programmes 

and metformin, with and without screening, for pre-diabetes. BMJ Open. 

2017;7(11):e017184. 

My role: I conceptualised the study, led on the study design and data extraction, wrote 

the first draft of the paper and collated responses from other authors. I am the 

corresponding author and guarantor for the paper.  

 

3.1. BACKGROUND, AIMS AND OBJECTIVES 

As summarised in chapter 2, T2DM is a global public health priority with governments 

around the world aiming to stem the tide of T2DM-related morbidity, mortality and costs by 

developing diabetes prevention programmes. Seminal studies in the US, Finland, China and 

India found that T2DM can be prevented through individual case-based programmes 

targeted at high-risk individuals (lifestyle programs or metformin). But there is a lack of 

consensus on how to identify participants for individual-case based prevention 

programmes, with three different blood tests used in published evidence and clinical 

practice. Governments in Finland, Australia, the US and England have developed national or 

regional diabetes prevention programmes, predominantly focusing on lifestyle programmes 
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in high-risk individuals. But these programmes differ in both the intensity of the intervention 

provided and the method for identifying eligible participants.    

 

These findings raise a number of unanswered questions about the efficacy, costs and cost-

effectiveness of existing diabetes prevention programmes. The aim of this chapter is to 

summarise the current evidence of cost-effectiveness of individual case-based interventions 

and the extent to which this evidence supports current diabetes prevention policy in 

England, through a systematic review of the literature. Given the different definitions of 

individuals at risk of T2DM and the differences in intervention design outlined in Chapter 2, 

research questions addressed in this chapter include: 

• What is the evidence on cost-effectiveness of lifestyle programmes or metformin in 

prevention of T2DM?  

• What is the impact of the following factors on the cost-effectiveness of these 

interventions?  

a. Type of intermediate hyperglycaemia (IFG, IGT or ‘at risk’ HbA1c) 

b. Intensity of lifestyle intervention: Including three different measures 

of intensity, each of which was examined separately: i) frequency of 

contact in initial ‘core’ teaching/coaching sessions, ii) duration of core 

and maintenance intervention and iii) group or individual format of 

sessions 

c. Inclusion of screening: Studies of intervention-only on a predefined 

high-risk population or screening for T2DM risk followed by 

intervention. 



 

40 
 

d. Years of follow-up to evaluate diabetes incidence: fewer than 10 years 

and more than 25 years. 

• What are the implications of these findings for policy makers and health 

insurers? 

 

3.2. METHODS 

A systematic review of economic evaluations was undertaken using PRISMA criteria (see 

Appendix 3.1. for PRISMA checklist). 

 

3.2.1. Search strategy and inclusion criteria  

I utilised the database search of Embase, PreMedline and Medline for peer-reviewed articles 

on pre-diabetes and diabetes prevention undertaken by Eleanor Barry (EB), outlined in 

Chapter 2, as a starting point for this review. Search terms were developed by EB and are 

outlined in Appendix 3.2. My co-author EB and I screened abstracts for inclusion, identifying 

eligible papers published between 2004 and 2014. I identified further papers for inclusion 

(published between 2004 and 2016) by searching NHS EED and undertaking citation tracking 

and screening of references (in included studies and review articles).  

 

To meet our inclusion criteria, studies needed to include full economic evaluations (cost-

effectiveness, cost-utility or cost benefit analysis) that: 

• Evaluated the treatment of people identified as high-risk of developing T2DM with 

either metformin and/or lifestyle programmes (that addressed diet and physical activity) 

against a base case of no intervention; 
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• Included 12 months or more of intervention and follow up; 

• Quantified outcomes (such as change in quality-adjusted life years, disability-adjusted 

life years, life years gained or numbers needed to treat to prevent one case of T2DM); 

• Described the method used to classify people as high-risk of developing T2DM (hence 

eligible for interventions), including blood tests for intermediate hyperglycaemia, 

screening questionnaires, diabetes risk algorithms or presence of particular risk factors. 

 

I reviewed full papers meeting the above criteria and developed a data extraction 

spreadsheet in Excel. This included assessment of study type, population included, type of 

intervention, costs of intervention, impact on health gain (quality-adjusted life years 

(QALYs), disability-adjusted life years (DALYs), life years gained (LYG) and numbers needed 

to treat (NNT) to prevent 1 case of T2DM). Appendix 3.3 and 3.4. include these completed 

data extraction worksheets. I extracted data from included papers and data extraction for a 

third of papers was checked by a second reviewer (EB).   

 

3.2.2. Quality assessment 

A checklist developed by the International Society for Pharmaco-economics and Outcomes 

Research [1] was used to evaluate the relevance and credibility of modelling studies for 

decision-making by policy makers. An example of this assessment is reproduced in Table 3.1. 

below.
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Table 3.1. Example of data extraction using questionnaire to assess relevance and credibility of modelling studies for decision makers 

QUESTIONS HELPER QUESTIONS Example of data extraction - Herman, 2005 

ASSESSMENT OF RELEVANCE 

1 Is the population relevant? 

  

  

 Are the demographics similar? 45% members of minority groups (see Knowler, 2002) 

Are risk factors similar? IGT and IFG, BMI>24kg/m2 

Are behaviours similar? 72% participants took at least 80% of required metformin 

Is the medical condition similar? Yes 

2 Are any critical interventions missing? 

  

  

Does the intervention analysed in the model match the 
intervention you are interested in? 

High-intensity lifestyle intervention over 2.8 years 

Have all relevant comparators been considered? Low intensity lifestyle intervention not included 

Does the background care in the model match yours? US based care 

3 Are any relevant outcomes missing? 

  

Are the health outcomes relevant to you considered? Yes, QALYs 

Are the economic end points relevant to you considered? Yes, incremental cost-effectiveness ratio 

4. Is the context (settings and 
circumstances) applicable? 

  

  

  

Is the geographic location similar? US-based 

Is the health care system similar? US-based 

Is the time horizon applicable to your decision? Lifetime simulation 

Is the analytic perspective appropriate to your decision 
problem? 

Health system perspective 

ASSESSMENT OF CREDIBILITY 
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Validation     

Is external validation of the model 
sufficient to make its results credible for 
your decision? 

  

  

Has the model been shown to accurately reproduce what 
was observed in the data used to create the model? 

Centre for Disease Control and Prevention and Research 
Triangle Institute International model used 

Has the model been shown to accurately estimate what 
actually happened in one or more separate studies? 

 Not reported 

Has the model been shown to accurately forecast what 
eventually happens in reality? 

 Not reported  

Is internal verification of the model 
sufficient to make its results credible for 
your decision?  

  

  

Have the process of internal verification and its results 
been documented in detail? 

Not reported 

Has the testing been performed systematically? Not reported 

Does the testing indicate that all the equations are 
consistent with their data sources? 

Not reported 

Does the testing indicate that the coding has been 
correctly implemented? 

Not reported 

Does the model have sufficient face 
validity to make its results credible for 
your decision? 

  

  

Does the model contain all the aspects considered 
relevant to the decision? 

Yes 

Are all the relevant aspects represented and linked 
according to the best understanding of their 
characteristics? 

Yes 

Have the best available data sources been used to inform 
the various aspects? 

Yes 

Is the time horizon sufficiently long to account for all 
relevant aspects of the decision problem? 

Yes, lifetime simulation 

Are the results plausible? Yes, similar to a majority of other included studies 
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If others have rated the face validity, did they have a 
stake in the results? 

Not reported 

Design     

Is the design of the model adequate for 
your decision problem?  

  

  

  

  

  

Was there a clear, written statement of the decision 
problem, modelling objective, and scope of the model? 

Yes 

Was there a formal process for developing the model 
design (e.g. influence diagram, concept map)? 

Not reported, pre-existing model used 

Is the model concept and structure consistent with, and 
adequate to address, the decision problem/objective and 
the policy context? 

Yes 

Have any assumptions implied by the design of the model 
been described, and are they reasonable for your decision 
problem? 

Yes 

Is the choice of model type appropriate? Yes 

Were key uncertainties in model structure identified and 
their implications discussed? 

Partially. Sensitivity analyses included cost of interventions 
and different discount rates. No sensitivity analysis of 
duration of treatment effect or reduction in relative risk of 
T2DM was undertaken 

Data     

Are the data used in populating the 
model suitable for your decision 
problem?  

All things considered, do you agree with the values used 
for the inputs? 

Partially: 

• Relative risk reduction based on USDPP is reasonable 

• Lifestyle intervention provided until onset of T2DM 
and that health and QOL benefits associated with 
interventions remain constant and persist until 
diabetes onset could overstate intervention effect 

Analysis     
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Were the analyses performed using the 
model adequate to inform your decision 
problem? 

  Yes 

Was there an adequate assessment of 
the effects of uncertainty? 

  Yes 

Reporting     

Was the reporting of the model 
adequate to inform your decision 
problem?  

  

  

Did the report of the analyses provide the results needed 
for your decision problem?  

Yes 

Was adequate nontechnical documentation freely 
accessible to any interested reader?  

Yes 

Was technical documentation, in sufficient detail to allow 
(potentially) for replication, made available openly or 
under agreements that protect intellectual property?  

Not in published paper 

Interpretation     

 Was the interpretation of results fair 
and balanced? 

  Yes 

Conflict of interests     

Were there any potential conflicts of 
interest?  

  No 

If there were potential conflicts of 
interest, were steps taken to address 
these? 

  NA 
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3.2.3. Assumptions and calculations  

All the economic evaluations included in this review were cost-effectiveness analyses 

(including cost-utility analyses), which measure both the cost of the intervention and the 

impact of the intervention on participants’ quality and/or length of life [2]. No full cost-

benefit analyses were identified. For this review I used a willingness to pay threshold of 

£20,000/QALY when defining whether an intervention was cost-effective.  

 

The measure of cost-effectiveness (incremental cost-effectiveness ratios or ICERs) are 

reported from two different perspectives: health system and societal perspective. The 

health system perspective includes only direct medical costs such as: i) staff, facilities, 

medication and consumables costs required for provision of the intervention, and ii) general 

healthcare of participants. In addition, studies of cost-effectiveness from a societal 

perspective include some or all elements of i) indirect costs of the intervention (e.g. exercise 

equipment, food preparation equipment), ii) participant time (travelling to and participating 

in intervention’s activities), iii) lost productivity due to absence from work and iv) disability 

benefits payments. 

 

I used purchasing power parity and currency exchange rates from the CCEMG - EPPI-Centre 

Cost Converter to convert costs into British pounds 2015 [3]. This tool converts currencies 

both by year (e.g. US dollars 2007 to US dollars 2015) and well as by purchasing power 

parity between currencies (e.g. US dollars 2015 to British pounds 2015).  

 

I grouped studies on a number of dimensions to identify key drivers of differences through 

subgroup analysis. Subgroups examined included: type of prediabetes, intensity of lifestyle 
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intervention (defined by number of sessions in ‘core’ intervention, duration of core and 

maintenance program, group vs. individual format), inclusion of screening, years of follow-

up to evaluate diabetes incidence.  

 

3.3. RESULTS 

42 full papers were reviewed and 15 were excluded for reasons outlined in Figure 3.1. 

Figure 3.1. PRISMA Flow Diagram 

 

Figure 3.1. PRISMA Flow diagram 
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No comparison with base 

case=1 
Gestational diabetes only = 

1 
 

(n = 15) 
 

Studies included in 
synthesis 
(n =27) 
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In total, 27 studies of diabetes prevention programmes with economic evaluations have 

been published from 15 countries between 2004 and 2016 [4-30]. 6 of the economic 

evaluations were within-trial cost-utility analyses and 21 were modelling studies (16 Markov 

models, two simulation models, two decision trees and one combination Markov model and 

decision tree). Within the modelling studies there were a wide range of model structures, 

parameters and parameter values which in part drive the variability observed in study 

results [31].  

 

3.3.1. Type of intervention 

All 27 studies evaluated lifestyle interventions and 12 also evaluated the oral hypoglycaemic 

drug metformin (Appendix 3.3). 13 reported interventions in a population previously 

identified as having intermediate hyperglycaemia (people with IFG, IGT or high HbA1c) and 

14 reported screening of a broader population and subsequent intervention on those 

identified as high risk of developing type 2 diabetes. The majority of studies evaluated 

intensive trial-based interventions, although there was a great deal of heterogeneity in the 

type of lifestyle interventions evaluated. Table 3.2. describes some of the dimensions on 

which lifestyle programmes differed: frequency of contact, duration, staff providing 

intervention, individual vs group interventions and frequency of contact.  

3 studies [11,20, 25] did not specify the details of their lifestyle interventions.  
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Table 3.2. Lifestyle programmes evaluated in studies in this systematic review 

 

A. INTENSIVE TRIAL-BASED LIFESTYLE PROGRAMMES 

Clinical trial on which 
intervention is based 

Included studies in 
this review 

Number of sessions Length of 
intervention 

Staff delivering programme Group or individual 

US Diabetes 
Prevention Program 
(US DPP) 

Palmer, 2004 
Eddy, 2005 
Herman, 2005 
Ackermann, 2006 
Hoerger, 2007 
Schaufler, 2010 
Mortaz, 2012 
Png, 2014 

16 core sessions 
 
Monthly follow-up 

2.8 years Exercise physiologists, 
dieticians, case managers 

Predominantly individual 

US Diabetes 
Prevention Program 
and Diabetes 
Prevention Program 
Outcomes Study 
(US DPP and DPPOS) 

DPPRG, 2012 
Palmer, 2012 
Dall, 2015 
Herman, 2013 

Years 1-3: 16 core sessions, 
monthly follow up 
Year 4: 16 session group 
programme  
Years 5-10: Quarterly 1-hour 
group sessions,  
2 additional 'BOOST' sessions 
per year for participants 
originally randomised to 
lifestyle group 
   

10 years Exercise physiologists, 
dieticians, case managers 

Individual and group 

Finnish DPS lifestyle 
program  
(FDPS) 

Caro, 2004 Year 1: 7 visits 
Year 2 onwards: 4 visits p.a. 
YMCA gym membership to 
enable 2 supervised exercise 
sessions per week  

5 years Dietician Individual dietician visits, 
group exercise sessions 
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Lindgren, 2007 Year 1: 7 visits 
Year 2 onwards: 4 visits p.a. 
Supervised circuit type 
training 

6 years Nutritionist Individual visits, group 
exercise sessions 

Bertram, 2010 Weekly visits for 1 month, 
monthly for a further 3 
months, quarterly thereafter 

As long as 
participant 
has IGT 

Dietician, exercise physiologist Individual 

Indian Diabetes 
Prevention 
Programme  
(IDPP) 

Ramachandran, 
2007 

Individual sessions twice a 
year 
Monthly phone calls 

3 years Dieticians, social workers and 
helpers 

Individual 

Da Qing Lifestyle 
Program 

Liu, 2002 Individual counselling by 
physicians or group 
counselling in 9 sessions/year 

6 years Physicians 
 

Individual and group 

Diabetes in Europe – 
applied to Catalonia 

Sagarra, 2013 4x90 minute teaching sessions  
Reinforced with telephone 
calls, text messages, letters 
and interviews every 6-8 
weeks.  

4.2 years Doctors and nurses Individual or group 

TRANSLATIONAL COMMUNITY-BASED LIFESTYLE PROGRAMMES 

Community-based 
translations of USDPP 

Icks, 2007 16 core sessions in 
community setting 
Monthly follow-up 

3 years Diabetologists and dieticians NR 

Zhuo, 2012 Nation-wide program 
Year 1: 16 core sessions, post-
core sessions every 6 months 
Year 2: 8 maintenance 
sessions 
Year 3: 1-2 sessions 

3 years Lifestyle coaches in year 1 and 
2, any health care provider 
thereafter 

Group 

Smith, 2010 12 sessions 12-14 week 
intervention, 1 
year follow up 

Health professionals, lay 
workers 

Group 
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Hypothetical lifestyle 
program 

Neumann, 2011 8 core sessions 
Follow up: quarterly sessions, 
monthly calls or emails, 
newsletter, quarterly journal 

5 years Prevention managers Group 

UEA-IFG Irvine, 2011 4 core education sessions and 
group exercise sessions 
Peer support groups 
Telephone peer support from 
volunteers  

7 months Physiotherapists, diabetes 
prevention facilitators, 
volunteers (people with T2DM 
for more than 2 years) 

 

Kalmar Metabolic 
Syndrome Program 

Feldman, 2013 NR 1 year NR NR 
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Intensive trial-based lifestyle programmes: 18 of the 24 studies that did describe the lifestyle 

intervention being evaluated were based on intensive trial-based lifestyle interventions (8 

based on the US Diabetes Prevention Program, 4 on the US Diabetes Prevention Program 

together with the US Diabetes Prevention Program Outcome Study, 3 on the Finnish 

Diabetes Prevention Study, one on the Da Qing study, one on the Indian Diabetes 

Prevention Programme and one on the Diabetes in Europe study applied to Catalonia, Spain) 

and 3 were based on community translation of these intensive interventions lasting 3-5 

years. The primary studies were generously resourced, included 300-3000 participants and 

provided lengthy interventions (3-10 years’ duration) including 7-16 initial contacts in the 

‘core programme’ delivered by specialist staff (dieticians, exercise physiologists and annual 

medical review).  

 

Translational community-based programmes: 3 of the 24 studies were based on community 

translation of these intensive interventions lasting 3-5 years and 3 studies were based on 

other published studies covering much smaller populations (<150 participants) and 

providing less intensive interventions (ranging from 12 weeks to 1 year in duration), 

delivered by non-specialist staff (diabetes prevention facilitators and lay workers).  

 

3.3.2. Target population – demographics and type of intermediate hyperglycaemia  

The target population for 16 of the 27 studies were overweight individuals with impaired 

glucose tolerance (IGT), with or without impaired fasting glucose (IFG). 4 used IFG alone [8, 

18, 22, 29], 2 used IGT or IFG [10, 17], 1 used IFG or HbA1c [19], 1 used HbA1c alone [5] and 

3 used other methods of screening (such as diabetes risk algorithms, BMI or other elements 

of metabolic syndrome) [7, 9, 11]. 17 out of 27 studies included participants based on a BMI 
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greater than or equal to 24kg/m2, 3 included participants based on a BMI greater than or 

equal to 30mg/kg2 and the remainder did not state a BMI cut-off for participation. A wide 

range of ages (from 18 years and older) were included. 

 

3.3.3. Benefits of interventions 

In the studies included in this review the primary benefit of diabetes prevention 

programmes was reduction in incidence of type 2 diabetes and its associated complications, 

measured in the number needed to treat to delay or prevent a case of T2DM or 

improvements in quality adjusted life years (QALYs), disability adjusted life years (DALYs) 

and life years gained (LYG), as summarised in Appendix 3.4.  

 

Lifestyle interventions: 21 studies reported change in quality-adjusted life-years associated 

with lifestyle interventions with a median 0.159 (range: 0.003-2.91) increase in QALYs and 

13 reported life-years gained with a median increase of 0.30 (range: 0.04-0.84) relative to 

usual care. Four studies reported numbers needed to treat with lifestyle programmes to 

prevent 1 case of type 2 diabetes with results ranging from 4.2-30. 

 

Metformin: 8 studies measured change in quality-adjusted life-years associated with 

metformin therapy with a median of 0.105 (range: 0.01-2.83) increase in QALYs and 5 

studies reported increase in life-years gained with a median gain of 0.14 (range: 0.05 to 0.3). 

Two studies reported number needed to treat with metformin to prevent 1 case of type 2 

diabetes as 6.9 and 27.9.  
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3.3.4. ‘Value for money’ 

Policy makers may consider a range of economic factors when considering a new 

programme: cost-effectiveness, budget impact, effect on incident cases of the disease and 

equity of healthcare provision [32]. All studies included in this review considered cost-

effectiveness, reporting incremental cost-effectiveness ratios, 5 described budget impact, 2 

modelled impact on incident cases of diabetes and none considered impact on equity of 

healthcare provision.  

 

Cost-effectiveness:  Overall, lifestyle interventions and metformin appeared to be cost-

effective in preventing diabetes in high-risk individuals, as summarised in Table 3.2, though 

there was wide variation in economic estimates between studies. Substantial differences in 

participant selection and intervention design, which reflect the different eligibility criteria 

(e.g. intermediate hyperglycaemia, diabetes risk score) and different types of interventions, 

as well as differences in model structure, parameters and parameter values make 

comparison between studies difficult.  
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Table 3.2. Incremental cost-effectiveness ratios 

 

ICERS - LIFESTYLE INTERVENTION 

Author, year of 
publication 

Duration of 
analysis 

ICER in 2015 GBP 
Health system perspective 

Cost elements included 
in ICER from societal 
perspective 

ICER in 2015 GBP 
Societal perspective  

Range  
(in base case) 

Mean ICER   Unit Range 
(base case) 

Mean ICER   Unit 

Herman, 2005 – 
DPP 

Lifetime  1,057  1,057                          £/QALY   
  

  

Eddy, 2005 30 years 134,420                     134,420                      £/QALY Not specified 58,844                                        58,844                                £/QALY 

Diabetes 
Prevention 
Programme 
Research 
Group, 2012 

10 years 7,628                            7,628  £/QALY Participant time, food, 
food preparation and 
exercise equipment and 
classes. 

10,917                                     10,917                                  £/QALY 

Ackermann, 
2006 

Lifetime 1,210-1,480  1,345                                £/QALY         

Palmer, 2012 Lifetime  Cost saving   Cost saving                                        £/QALY         

Png, 2014 3 years 12,544                        12,544                            £/QALY Participant time, 
transport costs, fitness 
equipment, food costs 
and food preparation 
costs, days of work lost 
due to T2DM 

26,764                                          26,764                                 £/QALY 

Lindgren, 2007 Lifetime       Participant time, travel 
and work absence 

-8,709  -8,709  £/QALY 

Hoerger, 2007 Lifetime 7,526-8,750  8,138  £/QALY Not specified 15,037-17,275  16,156                                £/QALY 
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Liu, 2013 Lifetime 
simulation 

      Transport, lost income, 
cost of home care 

 Cost saving  
(-1190 to 
 -2,933)  

Cost 
saving  
(-2,062)                                    

£/QALY 

Gilles, 2008 50 years 7,490                          7,490                             £/QALY         

Neumann, 2011 Lifetime       Participant transport  Cost saving  
(-15,259 to-
31,721)  

Cost 
saving  
(-23,490)                                

£/QALY 

Smith, 2010 3 years 3,215                          3,215                  £/QALY         

Feldman, 2013 Simulation until 
85 years of age 

3,140 - 17,802 10,471                         £/QALY Participant and 
transport and non-
healthcare organisations 
costs 

Cost saving to 
£17,281 

8,641                                     £/QALY 

Jacobs Van der 
Bruggen, 2007 

70 years  3,822-5,390  4,606                             £/QALY         

Irvine, 2011 1 year 76,566                       76,566                          £/QALY         

Sagarra, 2013 4 years 3,275                           3,275 £/QALY         

Schaufler, 2010 Lifetime 573                               573  £/QALY         

Mortaz, 2012 10 years 10,416                       10,416                    £/QALY         

Zhuo, 2012 25 years Cost saving  
(-6,149)                           

Cost saving 
(-6,149)                       

£/QALY         

Herman, 2013 10 years 15,191                         15,191  £/QALY Food, food preparation 
equipment, exercise 
classes, gym 
memberships, personal 
trainers and exercise 
equipment, transport, 
participant time 

2,459                                                  2,459                                           £/QALY 
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Dall, 2015 10 years 
intervention 
and analysis 

      Years of employment, 
household and personal 
income, missed work 
days and disability 
benefit payments 

                                                       
NR  

                                                
NR 

£/QALY 

Palmer, 2004 Lifetime  Cost saving to 
8,614  

1,783  £/LYG         

Caro, 2004 10 years 577                            577                              £/LYG         

Bertram, 2010 Age 100 or 
death 

15,460                         15,460                 £/DALY         

Colagiuri, 2008 10 years       Not specified 37,285 37,285                                £/DALY 

Icks, 2007 3 years 4,003                           4,003                           £/case of 
T2DM 
avoided 

Participant and 
healthcare 
professionals’ time 

23,183                                           23,183                                 Cost per 
case of 
T2DM 
avoided 

 

ICERS – METFORMIN 

    METFORMIN - ICER in 2015 GBP 
Health system perspective 

METFORMIN - ICER in 2015 GBP 
Societal perspective 

Author, year of 
publication 

Duration of 
analysis 

Range 
(base case) 

Mean Unit Range 
(base case) 

Mean Unit 

Herman, 2005 Lifetime  29,409                         29,409                          £/QALY       

Eddy, 2005 30 years 32,430                           32,430 £/QALY 33,392  33,392  £/QALY 

Diabetes 
Prevention 
Programme 
Research Group, 
2012 

10 years Cost saving Cost saving £/QALY Cost saving Cost saving  £/QALY 

Palmer, 2012 Lifetime 5,477                            5,477                          £/QALY       
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Png, 2014 3 years 15,371                          15,371                         £/QALY 4,648                          4,648                           £/QALY 

Gilles, 2008 50 years 8,428                              8,428  £/QALY       

Schaufler, 2010 Lifetime 332                              332 £/QALY       

Herman, 2013 10 years 15,339                   15,339 £/QALY Cost saving  
(-10,735) 

Cost saving  
(-10,735) 

£/QALY 

Palmer, 2004 Lifetime 
simulation 

7,290                            7,290                             £/LYG       

Caro, 2004 10 years Cost saving  
(-5,495)                        

Cost saving 
(-5,495)                           

£/LYG       

Bertram, 2010 Age 100 or death 14,960                          14,960                           £/DALY       

Icks, 2007 3 years 16,296                      16,296                          Cost per case of 
T2DM avoided 

27,281                         27,281                    Cost per case of 
T2DM avoided 

 



 

59 
 

There is insufficient evidence to suggest that lifestyle interventions or metformin will be 

cost saving. Out of 27 studies, lifestyle interventions were found to be cost saving in 2 

studies from a health system perspective [19, 23], cost saving from a health system 

perspective in some countries but not others in 1 study [13] and cost saving from a societal 

perspective in 3 studies [18, 22, 28]. Of the 12 studies evaluating metformin, 2 studies 

concluded metformin was cost saving from a health system perspective [6, 12], 1 study 

concluded metformin was cost saving from a health system perspective in some countries 

but not others [13] and 2 concluded that metformin was cost saving from a societal 

perspective [6, 27]. 

 

Lifestyle interventions: Of the 16 studies measuring effectiveness as £ per quality adjusted 

life years (£/QALY), the median incremental cost-effectiveness ratio (ICER) from a health 

system perspective was £7,490/QALY (range: cost saving to £134,420/QALY). Only 2 studies 

reported lifestyle interventions that were not cost-effective (>£20,000/QALY); of these, one 

used a model substantially different in structure to other modelling studies included (the 

Archimedes model, which analyses changes in biological variables, such as insulin resistance, 

rather than transitions between disease states, such as intermediate hyperglycaemia, which 

are used by other models) [14] and the other included analysis lasting only 1 year therefore 

the benefits of reduced incidence of diabetes were not included [8]. 

 

Metformin: Of the 7 studies measuring effectiveness as £/QALY, the median ICER from a 

health system perspective was £8,428/QALY (range: cost saving to £32,430/QALY). 2 studies 

reported metformin to not be cost-effective (>£20,000/QALY): of these, one used a model 

substantially different in structure to other modelling studies included (the Archimedes 
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model described above) [14] and the other was the first economic model of the US Diabetes 

Prevention Programme (USDPP) [15]. The subsequent models based on the USDPP and its 

follow up study have found metformin to be cost saving or cost-effective [6]. 

 

Comparing lifestyle programmes and metformin: Twelve studies compared lifestyle 

programmes and metformin directly. From a health system perspective, neither 

intervention appears more cost-effective than the other with 6 studies reporting lifestyle 

programmes more cost-effective than metformin [12, 15, 20, 23, 24, 26], 5 studies [5, 6, 9, 

13, 21] reporting metformin more cost-effective than lifestyle programmes and one [28] 

showing less than 1% difference in cost-effectiveness between the two. However, from a 

societal perspective, metformin appears more cost-effective than lifestyle programmes, 

with four [6, 14, 24, 28] out of the five studies undertaking this analysis finding metformin 

more cost-effective. This is because the cost of participants’ time travelling to and attending 

lifestyle programme sessions is included in most calculations of cost from a societal 

perspective, but not from a health system perspective.  

 

Sub-group analysis: Given the range of screening and lifestyle interventions provided, and 

the range of cost-effectiveness ratios, studies which reported ICERS as £/QALY from a health 

system perspective were grouped on a number of dimensions to identify key drivers of 

differences. These analyses revealed that:    

1) Screening plus intervention studies tended to be less cost-effective than 

intervention-only studies on average, but both approaches were associated with a 

wide range of ICERs highlighting current uncertainties. Of the 10 studies that 

reported £/QALY from a health system perspective for intervention-only studies the 
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median ICER was £4,606/QALY (range: cost saving to £134,420/QALY). And the 

median ICER for the 8 screening-plus-intervention studies was £7,814/QALY (range: 

£573 - £76,566/QALY). However, evaluations that did not include systematic screening 

may under-state the cost of identifying patients who were diagnosed with intermediate 

hyperglycaemia based on ad hoc or opportunistic screening. In addition, the costs and 

benefits of identifying people with T2DM through systematic screening will be understated 

in evaluations that focus solely on diabetes prevention. 

2) In general, the longer the period evaluated the more cost-effective the interventions 

appeared. Studies that measured cost-effectiveness over a period of 25 years or 

more appeared more cost-effective (median ICER: £2,976/QALY) than studies that 

measured cost-effectiveness over 10 years or less (median ICER: £10,416). 

3) There were insufficient studies in each sub-group to draw conclusions based on: 

programme duration, frequency of sessions, group or individual format or types of 

participants included  

 

Other measures impacting the ‘value for money’ judgement: Cost-effectiveness analysis 

measures costs and benefits of an intervention for an individual participant. Policy makers, 

who are responsible for overall health budgets and the health of the population as a whole, 

may consider other measures (such as budget impact, impact on equity and impact on 

incident cases of the disease) when evaluating the impact of an intervention. In terms of 

budget impact, three studies [11, 25, 26] estimated the cost of implementing a national 

diabetes prevention programme to be between 0.13 and 0.2% of annual national health 

expenditure in the Netherlands, Germany and Australia. Two studies [19, 25] modelled 
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annual expenditures for lifestyle programmes, showing that net savings only exceeded net 

expenditures 9-14 years after initiating the prevention programme.  

 

Non-attendance at screening, non-enrolment in an intervention and low compliance with an 

intervention means that the number of cases of diabetes prevented is lower than might be 

anticipated when extrapolating from trials. As a result of these factors, as well as the partial 

and finite impact of interventions, two studies [11, 26] estimated that only 0.2-1.6% of 

incident cases of diabetes would be prevented by a population-wide programme in the 

Netherlands and a region of Germany.  

As an example of how this population-wide impact is calculated, Icks [26] calculated that 

29% of incident cases of diabetes in 3 years would be due to people with pre-diabetes 

(defined as impaired glucose tolerance in this study). Of this pre-diabetic population, 30% of 

people would attend the screening test (OGTT), 40% and 59% would participate in the 

lifestyle intervention and metformin respectively. 32% of these would develop diabetes in 3 

years with no intervention and 9.3% and 28.8% would develop diabetes with lifestyle and 

metformin respectively which resulted in 0.2% of incident cases of diabetes being prevented 

by metformin and 0.8% by lifestyle programmes. 

 

3.3.5. Quality, relevance/applicability and credibility of existing economic evaluations for 

current healthcare decision making  

Given the variety of lifestyle programmes and different definitions of eligible population, we 

examined the extent to which the included studies reflect national guidance in the UK [33, 
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34] and the US [35, 36], and the areas in which they differ (Table 3.4). Evaluation of studies 

against ISPOR’s Questionnaire to Assess Relevance and Credibility of Modelling studies for 

Healthcare Decision Making [1] was undertaken which raised a number of issues. The most 

important of these for policy makers are outlined below. No studies were excluded on the 

basis of this evaluation. 
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Table 3.4: Relevance of included studies 

 (Numbers refer to the number of studies in this review in each category. Some studies may 

be included in more than one category, for example if the study took place across multiple 

countries or used multiple diagnostic tests). 

 

HEALTH SYSTEM CONTEXT  

 US UK Europe Australia Canada Singapore India China 

Which health 

system? 

9 3 8 3 2 1 1 1 

TARGET POPULATION  

 IGT  

(+/- IFG) 

IFG  IFG or 

IGT 

HbA1c Other (e.g. risk score) Current guidance 

Which diagnostic 

test for 

intermediate 

hyperglycaemia? 

16 5 2 2 3 

 

UK [34]: IFG or HbA1c for 

diagnosis 

ADA [35]: IFG, IGT, or 

HbA1c for diagnosis 

TYPE OF INTERVENTION/S EVALUATED 

 Trial-based 

lifestyle 

programme 

Pragmatic 

lifestyle 

programme 

Not stated Current guidance 

Trial-based 

lifestyle or 

pragmatic 

lifestyle? 

18 trial 

based 

3 

translations 

of trials 

3 3 UK: Pragmatic lifestyle programmes [33] - Group 

lifestyle programme with 16 hours of contact time 

over 9-18 months and regular follow up for up to 2 

years 

US: Pragmatic lifestyle programmes [36]- 

Counselling, coaching and extended support 

relating to diet and physical activity for at least 3 

months provided by trained staff in clinical or 

community settings  

ADA [35]: Intensive diet and physical activity 

behavioural counselling programme adhering to 

the tenets of the Diabetes Prevention Programme 

(DPP) targeting a loss of 7% of body weight and an 

increasing moderate-intensity physical activity 

(such as brisk walking) to at least 150 min/week 
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• Health system context: 24 out of 27 studies were undertaken in high-income, 

predominantly Caucasian nations. Two studies [28, 30] were undertaken in China 

and India.  

• Target population: Only 6 [5, 8, 18, 19, 22, 29] out of 27 studies used diagnostic tests 

for intermediate hyperglycaemia that are in line with current UK guidance, that is 

HbA1c and fasting plasma glucose. The majority of studies, 16 out of 27 included 

participants with a positive oral glucose tolerance test (with or without fasting blood 

glucose) which is not recommended in the UK.  

• Type of intervention: 21 of the 27 studies evaluated intensive trial-based 

interventions or intensive translations of trial interventions, which reflect current 

ADA guidance (lifestyle interventions modelled on the USDPP, targeting 7% weight 

loss) [35]. However, reviews of community translations of the US DPP trial showed 

that whilst these translational programs cost less to implement they were also less 

effective [37, 38]. The modelling studies based on the USDPP trial data may 

therefore not be relevant comparators for a USDPP-based community programme. 

In contrast, the National Institute of Clinical Excellence in the UK and the Community 

Preventative Services Task Force in the US advocate a more pragmatic approach to 

lifestyle programmes. Only 3 studies [7-9] in this review are relevant comparators in 

terms of duration and intensity of lifestyle intervention and they report a wide range 

of cost-effectiveness ratios (from £3,215/QALY to £76,566/QALY). 

• Credibility of models in included studies: Two key issues emerged with the 

assessment of the credibility of the modelling studies included in this review: i) areas 

where updated evidence is available that may impact the evaluation and ii) areas 

where uncertainty persists and a range of assumptions are observed:  
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Availability of updated meta-analyses: 12 of the 21 modelling studies assumed 

reductions in diabetes incidence equivalent to that achieved in the USDPP or FDPS 

trials (relative risks of 0.50 at 3 years [39] and 0.40 at 6 years [40] respectively). 

However, two recent meta-analyses of randomised controlled trials [41, 42], have 

shown a relative risk of diabetes of 0.59 and 0.64. And a meta-analysis of pragmatic 

lifestyle interventions [43], excluding large trials, showed a relative risk of 0.74. The 

higher the relative risk, the less the effect of the intervention; therefore, these 

recent meta-analyses suggest that models based on DPP or DPS trial data will over-

state the impact of interventions.  

 

Key uncertainties regarding modelling assumptions: Firstly, uncertainty remains 

over the extent to which the reduction in diabetes incidence persists once the 

intervention has ended. Studies included in this review made a wide range of 

assumptions on this point, ranging from no effect after the intervention ended to 

effects persisting until the participant developed type 2 diabetes or died. One recent 

meta-analysis [41], showed relative risks of 0.80 at up to 20 years follow up. 

However, this analysis includes predominantly the large trials (US DPP, FDPS and Da 

Qing) as long term follow up data is not available on community-based translational 

studies. Therefore, this relative risk likely overstates the long term benefits of 

interventions outside the trial context. Secondly, variability persists over the 

percentage of people that fail to enrol in lifestyle interventions following screening. 

Reflecting this uncertainty, 5 studies included in this review assumed 100% 

enrolment, 2 assumed between 50 and 99% and 5 assumed less than 50% 
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enrolment. A recent systematic review [43] found that enrolment in interventions 

varies widely (from 0.28% to 100%) depending on method of communication, 

setting, and type of intervention.  

 

3.4. DISCUSSION   

 

3.4.1. Principal findings  

This systematic review of economic evaluations of T2DM prevention programmes has 

produced seven major findings.  First, that numerous economic evaluations have been 

undertaken in 15 different countries and produced diverse results, due to differences in 

model structure and parameter values and to differences in health systems, different 

definitions of eligible populations and types of lifestyle interventions included.  Second, that 

the majority of evaluations relate to intensive trial-based interventions in populations in 

high-income countries identified with oral glucose tolerance tests. Third, that with these 

caveats in mind, both metformin and lifestyle interventions in people at high risk of 

developing T2DM appear to be cost-effective but not cost saving, with median ICERs of 

£8,428/QALY and £7,490/QALY respectively. To place this figure in context, smoking 

cessation services are estimated by NICE to have ICERs ranging from cost-saving to 

£984/QALY [44] and breast cancer screening is estimated to have an ICER of £20,800/QALY 

by the UK Panel on Breast Cancer Screening [45]. Fourth, that metformin and lifestyle 

programmes appear equally cost-effective when only the costs of the health system are 

taken into account, but metformin is more cost-effective when costs of participants’ time 

(participating in and travelling to programme activities) are taken into account. Fifth, 
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systematic screening-plus-intervention programmes were less cost-effective on average 

than intervention-only programmes. Both approaches (systematic screening-plus- 

intervention and intervention-only) were associated with a wide range of cost-effectiveness 

ratios and the population benefit of screening in identifying people with previously 

undiagnosed prediabetes and T2DM is not taken into account in a cost-effectiveness 

calculation. Sixth, there is insufficient evidence to deduce what intensity, duration or format 

or lifestyle programmes are more cost-effective than others. Finally, programmes that 

evaluated costs and benefits over 25 years or more were more cost-effective than those 

that looked at 10 years or less. 

 

3.4.2. Updated search following publication of systematic review 

In an updated search of Medline (in December 2018), 74 additional titles were identified 

using the search strategy identified in Appendix 3.1, updated to include only studies with 

‘cost-effective’, ‘cost utility’ or ‘economic evaluation’ in their title or abstract. Of these 

additional studies, 4 met inclusion criteria [46-49]. These studies reached similar conclusions 

to those outlined in the rest of this chapter. They included one cost-utility analysis alongside 

a randomised controlled trial (RCT) [48], two studies by the same author which used the 

same micro-simulation model [46, 47] and one Markov model [49]. Three of these studies 

were based on English populations [46-48] and one on a Swedish population [49]. All studies 

had a lifetime horizon except the in-trial analysis which reported cost-effectiveness at 3 

years. All four studies examined lifestyle programmes, one alongside an RCT of a low-

intensity lifestyle programme [48], two (by the same author) based on theoretical low-

intensity lifestyle programmes [46,47] and one a high-intensity lifestyle programme based 
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on the Finish Diabetes Prevention Programme [49]. One study defined eligible participants 

based on a diabetes risk score, one on HbA1c [46], one on IGT and/or IFG [49] and one 

considered six different groups based on measures of intermediate hyperglycaemia or other 

risk factors [47]. The benefits of lifestyle programmes ranged from 0.046-0.61 QALYs gained 

per participant in the two studies in which this was reported [48, 49] and 0.0003-0.0009 

QALYs gained per person in the general population in the other two studies [46, 47]. Two of 

the studies were cost-utility analyses that reported lifestyle programmes as cost-effective 

(ICERs of £3,643/QALY [48] and €3,833-€9,215 /QALY [49] and two studies by the same 

author found lifestyle programmes to be cost saving (one in a cost-utility analysis [47] and 

one in a cost-benefit analysis [46]. The two studies that found lifestyle programmes to be 

cost saving utilised a model that included a large number of health states that could be 

modified by weight loss (e.g. cancer, osteoarthritis, depression) which may account for the 

more promising findings. 

In conclusion, the studies published since the submission of this systematic review for 

publication have not altered the overall findings or conclusions set out above. 

 

3.4.3. Implications for policy makers  

Guidance in the UK and the US advocate lower intensity pragmatic lifestyle programmes and 

there is a small amount of evidence that these are cost-effective. Historical studies are likely 

over-stating treatment effects (based on results of recent meta-analyses) and uncertainty 

over duration of impact limits accurate long-term modelling. Guidance in the UK advocates 

the use of fasting plasma glucose or HbA1c in identifying people who are at high risk of 
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T2DM. There is currently insufficient data to conclude that interventions in people identified 

solely with HbA1c are cost-effective. There is insufficient evidence to suggest that 

metformin is more cost-effective than lifestyle programmes. 

  

In addition to these considerations of cost-effectiveness, policy makers may need to balance 

impact on health budgets, incident cases of T2DM and equity of healthcare provision. In the 

few studies where these were modelled, budget impact was moderate (prevention 

programmes required 0.13-0.2% of respective countries total healthcare budget), financial 

payoffs were delayed (net expenditure on treatment and prevention of diabetes only 

declined after 9-14 years) and impact on incident cases of diabetes was limited (0.1-1.6% 

reduction in incident cases). This suggests that other avenues to reducing incident cases of 

diabetes will need to be explored if substantial inroads are to be made in controlling the 

T2DM epidemic. These may include population-wide measures to address obesity, a primary 

determinant of progression to type 2 diabetes in a person with intermediate 

hyperglycaemia [50]. 

  

3.4.4. Comparison with previous systematic reviews  

The findings outlined in this chapter confirm those of previous systematic reviews [51-55] 

which have shown that lifestyle interventions are generally cost-effective, but with a wide 

range of cost-effectiveness ratios, reflecting heterogeneity of interventions, target 

populations and modelling approaches. They have shown that lifestyle interventions appear 

more cost-effective if group, rather than individual sessions, are provided and a long time-

horizon is adopted for analysis. They have raised the issue of the limited number of studies 

in developing countries, the concern that real-life implementation of programmes will be 
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less effective than trial-based interventions, and the uncertainty that persists regarding 

long-term efficacy of these interventions.  

 

3.4.5. Strengths and limitations 

To my knowledge, this was the largest and most up-to-date summary of economic 

evaluations of diabetes prevention programmes at the time of publication. It was also the 

first review to: summarise the cost-effectiveness of metformin, compare screening-plus-

intervention against intervention-only studies and consider the relevance and credibility of 

studies for decision makers. It was also the first review to undertake a detailed analysis of 

key parameter values (e.g. relative risk reductions) underpinning modelling studies and to 

compare these both with findings from clinical trials and with current diabetes prevention 

policies in the UK and US. The addition of new material up to December 2018 means that 

the findings remain up-to-date. 

 

This review has a number of limitations. First is its relevance to policy makers in the US and 

UK as there are only a small number of economic evaluations included that reflect prevailing 

national policies. Second is the preponderance of studies from wealthy predominantly 

Caucasian countries, which may limit the applicability of findings to more diverse 

populations. Third is the comparison of costs and QALYs across studies. Costs were 

converted to GBP using purchasing power parity at a national level between the study 

country and the UK, but this may not adequately reflect purchasing power parity of health 

system costs between countries, leading to inaccuracies in comparison. QALYs were 
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compared across studies even though different instruments may have been used to 

calculate utility values across different studies. This means that the comparison of QALYs 

may not have been comparing utilities that were alike. Finally, this review may not include 

all relevant papers as the search strategy did not include Econlit and Tufts cost effectiveness 

register.   

 

3.5. SUMMARY AND CONCLUSION 

This systematic review has summarised three findings from the published literature. Firstly, 

metformin and lifestyle interventions in people at high risk of T2DM appear to be cost-

effective but not cost saving, with median ICERs of £8,428/QALY and £7,490/QALY 

respectively. Secondly, in the few studies where these were modelled, budget impact was 

moderate, financial payoffs were delayed and impact on incident cases of diabetes was 

limited. Thirdly, national diabetes prevention policy in the UK and US advocates pragmatic 

lifestyle programmes (less than 3 years in duration), and in the UK the use of HbA1c or 

fasting plasma glucose is recommended for diagnosing intermediate hyperglyacaemia. 

However, the majority of cost-effectiveness studies relate to a different definition of 

hyperglycaemia and a higher intensity of intervention, which limits the direct applicability of 

findings.  

 

Additional research is required to explore differences in cost-effectiveness related to 

different intensities of lifestyle programmes and different definitions of intermediate 

hyperglycaemia as there are insufficient existing studies to draw conclusions on the most 

cost-effective diagnosis-intervention pairs. 
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CHAPTER FOUR  

 

Individual case-based approaches to 

preventing T2DM:  

Economic evaluation of alternative 

programmes 
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4: INDIVIDUAL CASE-BASED APPROACHES TO PREVENTING T2DM – ECONOMIC EVALUATION 

OF ALTERNATIVE POLICIES 

 

The content of this chapter is based partly on material published previously in the following 

peer-reviewed journal article: 

• Roberts S, Craig D, Adler A, McPherson K, Greenhalgh T. Economic evaluation of type 

2 diabetes prevention programmes: Markov model of low- and high-intensity 

lifestyle programmes and metformin in participants with different categories of 

intermediate hyperglycaemia. BMC Med. 2018; 30;16(1):16 

My role: I conceptualised the study, created the model, undertook the analysis, wrote 

the first draft of the paper and collated responses from other authors. I am the 

corresponding author and guarantor for the paper. 

 

4.1. BACKGROUND, AIMS AND OBJECTIVES 

Diabetes prevention guidance issued by the National Institute of Health and Care Excellence 

(NICE) in the UK and the Preventative Services Task Force in the US favours low-intensity 

lifestyle programmes [1,2], focused on participants with IFG (or HbA1c in the ‘at risk range’ 

in the UK). However, there are few existing economic evaluations of these type of 

interventions as outlined in Chapter 3. Most economic evaluations use treatment effects 

drawn from trials of high-intensity lifestyle programmes in participants with IGT. But the 

generalisability of this assumption has not been validated. No existing evaluation compares 

a pragmatic lifestyle programme with metformin or compares programmes for participants 
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with HbA1c in the ‘at risk’ range with those offered to participants with other types of 

intermediate hyperglycaemia.  

 

The aim of this chapter is to evaluate the gap between existing evidence and current policy 

regarding individual case-based T2DM prevention programmes. The objectives are to 

examine the costs and effects of different intensity lifestyle programmes and metformin in 

participants with different categories of intermediate hyperglycaemia. This is achieved by 

modelling the cost and consequences (in terms of quality-adjusted life years [QALYs]), 

incident cases of T2DM and average number of years with T2DM) for: 

1. Three different definitions of intermediate hyperglycaemia (IFG, HbA1c, IGT) 

used to select participants for T2DM prevention programmes  

2. Three types of T2DM prevention programme (metformin, intensive trial-based 

lifestyle programme, low-intensity pragmatic lifestyle programme) 

 

4.2. METHODS 

I constructed a de novo economic model (decision tree and Markov model) in TreeAgePro 

(TreeAge Software Inc.) to undertake the analysis described in this chapter. I chose the 

model type based on what was most commonly utilised in existing economic evaluations of 

diabetes prevention policy. As more than 80% of economic evaluations summarised in the 

Chapter 3’s systematic review of the literature used Markov models, I elected to develop a 

Markov model for this analysis. Most of existing studies using Markov models (described in 
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Chapter 3) utilised either TreeAgePro or Excel for modelling and I elected to use TreeAgePro 

as it is less error-prone than Excel and enables clearer presentation of results than other 

software tools [3]. I undertook training in Basic and Advanced Healthcare modelling with 

TreeAge Pro before I commenced. 

  

I developed the model structure initially based on the health states of interest (IFG, IGT, 

HbA1c in the ‘at risk’ range and T2DM) and verified key elements of the structure with the 

multi-disciplinary clinical team in Newham, East London, who were engaged in developing 

their borough-wide T2DM prevention programme. The more technical aspects of model 

design were tested by presenting modelling work in progress at seminars in the Heath 

Economics Research Centre at the University of Oxford and the Institute of Health and 

Society at Newcastle University and seeking expert advice from a health economist (Dawn 

Craig) at Newcastle University (who became a co-author on the paper covering the findings 

in this chapter). 

  

The model comprised four health states (normoglycaemia, intermediate hyperglycaemia 

[either IFG, IGT or HbA1c], T2DM and death). A health system perspective was adopted. The 

price year was 2015, as this was the most recent data available within the tool used for 

converting costs using purchasing power parity [4], and were reported in Great British 

Pound Sterling (£). The outcomes of the analysis were cost per QALY gained with QALYs 

calculated using SF-6D utility values. I adopted a 50-year time horizon, with annual cycles. 

Costs and utilities were discounted by an annual rate of 3.5% per year, which is the rate 

recommended by NICE [5]. 
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I evaluated both deterministic and probabilistic models; the probabilistic model was used to 

account for non-linearity, correlations in parameters and to characterise decision 

uncertainty. Deterministic sensitivity analysis was undertaken to evaluate alternative 

scenarios where there are differences in definitions (e.g. American Diabetes Association or 

World Health Organisation diagnostic criteria) or where primary clinical data is not available 

(e.g. long-term effect of interventions).  

 

Three populations are evaluated in the model, individuals with IFG, IGT and HbA1c in the ‘at 

risk range’, across twelve different diagnosis-treatment pairs: IGT_low intensity lifestyle, 

IGT_intensive lifestyle, IGT_metformin, IGT_no intervention, IFG_low intensity lifestyle, 

IFG_intensive lifestyle, IFG_metformin, IFG_no intervention, HbA1c_low intensity lifestyle, 

HbA1c_intensive lifestyle, HbA1c_metformin, HbA1c_no intervention.  

 

4.2.1. Model structure  

I assumed the population entered the model with a diagnosis of intermediate 

hyperglycaemia (IFG, IGT or HbA1c) and could transition to type 2 diabetes, normoglycemia 

or death, with the probability of transitioning between states modified by the type of 

intervention the participant receives. Participants who were normoglycemic could transition 

to intermediate hyperglycaemia or death, but not directly to T2DM. To reflect disease 

progression/ clinical reality participants who transitioned to T2DM remained in this state 

until the end of the modelling period or death (Figure 4.1). 
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Figure 4.1: Markov model - State transition diagram 

 

 

For the population-level case study of England, I assumed all adults aged 50-59 with 

diagnosed IFG, IGT or HbA1c would be offered an intervention, but that only 50% of the 

population with intermediate hyperglycaemia would be diagnosed and 50% who were 

offered an intervention would fail to enrol. These assumptions match those utilised by NICE 

in the costing template for T2DM prevention guidance [6], as primary studies of enrolment 

and compliance in this area show a very wide range of participation rates [7]. I assumed that 

intermediate hyperglycaemia was diagnosed in one of two ways: i) an incidental finding 

when blood tests were taken for another purpose or ii) through assessment of glycaemic 

status during a NHS Health Check, a clinical assessment offered to all 40-74 year olds in 

England without pre-existing diabetes or cardiovascular disease (with coverage of 13.7%-

22.4% reported nationally in in the 50-59 year age-group) [8]. 
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  4.2.2. Model parameters  

IFG, IGT and HbA1c are distinct physiological states, and differ in terms of epidemiological 

parameters, cost of care and health utilities (Table 1). However, a single individual may have 

one, two or three types of intermediate glycaemia concurrently. 

 

Clinical and epidemiological parameters: Diagnostic criteria for intermediate hyperglycaemia 

reflected those of the NHS Diabetes Prevention Programme [1]: World Health Organisation 

(WHO) diagnostic criteria for HbA1c and IGT [9] and American Diabetes Association (ADA) 

criteria for IFG [10] (Table 4.1). Prevalence of IFG, IGT and HbA1c in the ‘at risk’ range and 

the combinations of different types of intermediate hyperglycaemia were extracted from a 

UK-based study [11] and the annual probability of transitioning to T2DM was obtained from 

a meta-analysis, with different transition probabilities assumed for IFG, IGT and HbA1c [12]. 

All-cause age-standardised mortality rates were obtained from the Office of National 

Statistics in England [13], with increased risk of death calculated for participants with 

intermediate hyperglycaemia or T2DM [14].  
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Table 4.1: Baseline population – key parameter values.  

Parametric form and standard error of distribution used in probabilistic sensitivity analysis in italics 

Health state Diagnostic test Diagnostic criteria Prevalence Annual 

incidence of 

T2DM 

Annual cost of care 

(£, 2015) 

Utility (QALYs) 

Normoglycaemia 

(NGT) 

Any of fasting blood 

glucose, post-load 

glucose or glycated 

haemoglobin 

Fasting glucose: <5.6 

mmol/L 

Post-load glucose: 

<7.0mmol/L 

HbA1c: <6.0 mmol/mol 

 

 

 £773 

[Gamma distribution, 

SE: £102.63] 

 

0.768 

[Beta 

distribution, SE: 

0.10] 

Impaired fasting 

glucose (IFG) 

Fasting blood glucose Fasting glucose: 5.6-6.9 

mmol/L 

Isolated IFG: 12.76% 

IFG+IGT: 1.49% 

IFG+HbA1c: 6.61% 

IFG+IGT+HbA1c: 

1.06% 

3.55% 

[Beta 

distribution, 

SE: 0.006] 

£869 

[Gamma distribution, 

SE: 104.56] 

0.759 

[Beta 

distribution, SE: 

0.11] 
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Impaired 

glucose 

tolerance (IGT) 

Post-load glucose 2 hour post-load 

glucose: 7.0-11.1 

mmol/L 

Isolated IGT: 7.50% 

IGT+HbA1c: 3.31% 

 

4.54% 

[Beta 

distribution, 

SE: 0.004] 

£946 

[Gamma distribution, 

SE: 101.52] 

0.746 

[Beta 

distribution, SE: 

0.10] 

HbA1c Glycated haemoglobin  6.0-6.4 mmol/mol Isolated HbA1c: 

7.53% 

3.56% 

[Beta 

distribution, 

SE:0.017] 

£869 

[Gamma distribution, 

SE: 104.56] 

0.759 

[Beta 

distribution, SE: 

0.11] 

Type 2 Diabetes 

Mellitus (T2DM) 

Any of fasting blood 

glucose, post-load 

glucose or glycated 

haemoglobin 

Fasting glucose: >6.9 

mmol/l 

2 hour post-load 

glucose: >11.1 mmol/L 

  £1,179-£2,939 

Increasing linearly 

from Year 1-15 

[Gamma distribution, 

SE: 270.00] 

0.738 

[Beta 

distribution, SE: 

0.12] 

Sources: Diagnostic criteria for HbA1c and IGT [9] and for IFG [10], prevalence [11], annual incidence type 2 Diabetes [12], costs [15-18], utilities [19].
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For IFG and IGT, relative risks of developing T2DM or reverting to normoglycaemia with 

lifestyle interventions were derived from meta-analyses [20-22]. Relative risks for 

metformin were drawn from the US Diabetes Prevention Program Outcomes Study 

(USDPPOS) for metformin therapy as this is the only long-term follow up study of this 

intervention [23]. To my knowledge there is only a single RCT (a sub-group analysis of the US 

Diabetes Prevention Program [USDPP]) [24] which reported relative risks of participants 

identified on the basis of HbA1c, and my model drew from this single analysis. I assumed 

that the reduction in risk related to metformin was constant over 15 years for participants 

with IGT and IFG and 10 years for participants identified on the basis of HbA1c, as these 

were the longest periods of follow up that have been published for each population [23, 24]. 

Based on an up-to-date meta-analysis I assumed that reduction in risk declined following 

cessation of the intensive lifestyle programme [21] and ceased ten years after the 

intervention commenced. As no long-term follow-up studies of low-intensity lifestyle 

programmes had been undertaken, we conservatively assumed the risk reduction persisted 

only for the duration of the intervention. Finally, we assumed that adherence was 

equivalent to that seen in the clinical trials from which relative risks were derived.   

 

Interventions: The low-intensity lifestyle programme was based on NICE guidance [25] and 

includes a core component of 13 group education sessions in the first year followed by 7 

maintenance sessions over the following two years, delivered by diabetes prevention 

facilitators, with annual review by a general practitioner and blood tests by a practice nurse. 

The high-intensity lifestyle programme was based on the US DPP [26] and includes 16 one-

to-one education sessions delivered by a dietician and 4 exercise sessions supervised by a 
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physiotherapist in the first year and 12 individual visits and 4 supervised exercise sessions in 

the second and third year as well as 1-2 reminder phone calls a month and annual clinical 

review and blood tests. In terms of metformin, a dosage of 850mg twice a day was assumed, 

in line with the USDPP, with annual titration review and blood tests by a practice nurse and 

annual review by a general practitioner [26]. Low-intensity lifestyle intervention lasted 2 

years, the high-intensity lifestyle intervention lasted 3 years and I assumed that metformin 

therapy continued as long as the participant had intermediate hyperglycaemia. The base 

case of no intervention assumed that people with a diagnosis of intermediate 

hyperglycaemia received no additional treatment, as was the case in the majority of England 

before the commencement of the national pilots in diabetes prevention in 2017. 

 

Costs (Appendix 4.1): I calculated the costs of lifestyle programmes by applying Personal 

Social Services Research Unit (PSSRU) staff cost estimates [27] to constituent activities 

described in publications regarding the USDPP [26] and NICE guidance [25] and using 

published estimates of diagnostic test costs [28]. I used the British National Formulary to 

calculate medication costs [15]. As an NHS perspective was adopted I did not include 

indirect costs such as productivity loss or participants’ out of pocket costs.   

 

Costs of T2DM were determined from a UK study of resource utilisation in diabetic care 

[16]. I assumed costs of diabetes would increase linearly over 15 years from the time of 

diagnosis to reflect the increasing cost of diabetic complications over time, in line with the 

approach taken by NICE [6]. Costs of other health states were calculated as proportions of 
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T2DM costs, derived from two European studies [17, 18]. All costs were inflated to 2015 

values. Unrelated healthcare costs (not related to T2DM or its complications) that accrue 

due to prolonged life were not included in the base case, but were considered in sensitivity 

analysis. 

 

Utilities: Utilities were measured in quality-adjusted life years and were derived for each 

health state from a Swedish study which utilised SF-36 questionnaires, converting responses 

via the SF-6D index to utilities [19]. This is the only source of utilities, to my knowledge, that 

measured quality of life in IFG and IGT separately.  Incremental utilities associated with each 

intervention were drawn from the USDPP [26], with both low- and high-intensity lifestyle 

programmes assumed to be associated with the same incremental utility.  

 

Table 4.2 outlines the key parameter values with Appendix 4.2 outlining data sources, 

assumptions and limitations of these values. 
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Table 4.2: Interventions – key parameter values: Parametric form and standard error of 

distribution used in probabilistic sensitivity analysis in italics 

Intervention 

 

Annual cost of 

intervention (£, 

2015) 

Incremental utility 

associated with 

intervention (QALY) 

Relative risk of developing T2DM 

Low-

intensity 

lifestyle 

programme 

Yr 1: £203.44 

Yr 2: £80.02 

0.0189 

[Beta distribution, SE: 

0.001] 

During intervention: IFG: 0.74/IGT: 

0.74/HbA1c: 0.74 

[Lognormal distribution, SE: 0.11] 

High- 

intensity 

lifestyle 

programme 

Yr 1: £1225 

Yr 2: £689 

Yr 3: £671 

0.0189 

[Beta distribution, SE: 

0.001] 

During intervention: IFG: 0.63/IGT: 

0.55/HbA1c: 0.71 

[Lognormal distribution, SE: 0.10 

(IFG), 0.07 (IGT), 0.10 (HbA1c)]  

Up to 7 years post- intervention:        

IFG: 0.80/IGT: 0.80/HbA1c: 0.71 

[Lognormal distribution, SE: 0.06 

(IFG), 0.06 (IGT), 0.10 (HbA1c)] 

Metformin £124.25 0.0031 

[Beta distribution, SE: 

0.002] 

IFG: 0.82/IGT: 0.82/HbA1c: 0.62  

[Lognormal distribution, SE: 

0.05(IGT), 0.05 (IFG), 0.10 (HbA1c)] 

Sources: Intervention costs (calculated – see Appendix 4.1), incremental utilities [26], relative risks 

[21, 24, 22, 20, 29] 
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4.2.3. Analyses  

I undertook two types of analyses: 1) impact on an individual participant in a prevention 

programme, 2) impact of a nation-wide prevention programme, using England as a case 

study.  

 

Analyses of individual participants included: i) discounted cumulative healthcare costs 

(including costs of diagnostic tests and primary and secondary care associated with the 

intervention, intermediate hyperglycaemia, T2DM and complications of T2DM), ii) 

discounted quality-adjusted life-years, iii) incidence of T2DM, iv) average number of years 

with T2DM iv) cost-effectiveness ratios in £/QALY and v) incremental cost-effectiveness 

ratios, in £ per QALY (for non-dominated interventions).  Individuals are frequently 

diagnosed with more than one type of intermediate hyperglycaemia (Table 4.1). All 

participants with each type of intermediate hyperglycaemia (alone or in combination with 

other types of intermediate hyperglycaemia) were analysed in each arm of the model. For 

example, the IGT arm includes participants with either IGT in isolation, IGT and IFG, IGT and 

HbA1c and IGT and IFG and HbA1c in the ‘at risk’ range.   

 

Analyses of a nation-wide prevention programme included: i) discounted annual incremental 

costs, ii) discounted cumulative incremental costs, iii) discounted incremental costs as a 

percentage of total national diabetes expenditure [30] and iv) cumulative incidence of 

T2DM. To account for individuals with more than one type of intermediate hyperglycaemia, 
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the costs and effects in the IGT arm of the analysis were assumed to represent all individuals 

with a diagnosis of IGT (participants with IGT in isolation, IGT and IFG, IGT and HbA1c in the 

‘at risk’ range and IGT and IFG and HbA1c in the ‘at risk’ range), the costs and effects in the 

IFG arm of the analysis were assumed to represent all individuals with isolated IFG and IFG 

and HbA1c in the at risk range and the costs and effects of the HbA1c arm of the analysis 

were assumed to represent all individuals with isolated HbA1c in the ‘at risk’ range.  

 

Sensitivity analyses:  I assessed parameter uncertainty with: i) deterministic one-way 

sensitivity analysis, altering all parameter values by +/-10%, ii) probabilistic sensitivity 

analysis and iii) deterministic scenario analyses where primary clinical data was not available 

to create a distribution (e.g. duration of intervention effect) or differences in clinical 

definitions existed (e.g. IFG diagnosed by WHO criteria).  

 

4.2.4. Validation  

I validated the model in accordance with the AdVISHE checklist [31]. Three clinical experts 

tested the face validity of the model structure, inputs and outputs and their suggestions 

were incorporated in the final model. I undertook extreme value testing and audit of 

Markov cohort traces and the structure of formulae were reviewed in a session with the 

TreeAge support team. Model outputs were validated against empirical data, including 

mortality data for England and estimates of current prevalence of T2DM by age group. 
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4.3. RESULTS 

4.3.1. Outcomes for individual participants in a prevention programme 

The base case results of the deterministic analysis are presented in Tables 4.3, 4.4 and cost-

effectiveness ratios in Table 4.5. In participants with all types of intermediate 

hyperglycaemia, pragmatic lifestyle programmes, intensive lifestyle programmes and 

metformin increased costs, improved QALYs and reduced incidence of T2DM compared with 

no intervention. 

 

Incremental cost-effectiveness ratios (ICERs) - comparison with the next best alternative 

(Table 4.5): For all three populations, the low-intensity lifestyle programme was the most 

cost-effective option with ICERs of £44/QALY, £195/QALY and £186/QALY in populations 

with IGT, IFG and HbA1c in the ‘at risk’ range respectively. At the current NICE willingness to 

pay threshold of £20,000/QALY, intensive lifestyle interventions were cost-effective relative 

to the next best alternative (low-intensity lifestyle programme) with ICERs of £3,707/QALY 

and £11,219/QALY for IGT and IFG respectively. For the population with HbA1c in the ‘at 

risk’ range, metformin was also found to be cost-effective relative to the next best 

alternative (low-intensity lifestyle programmes) with an ICERs of £600/QALY; this was the 

only population for which metformin was not extendedly dominated (a combination of low-

intensity and high-intensity lifestyle interventions was not more cost-effective than 

metformin) [Table 4.5, Figure 4.2].  However, due to effect sizes in participants with HbA1c 

being derived from a single clinical study, results for this population should be treated 

cautiously.  
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Table 4.3: Costs and consequences for individual participants in a prevention programme  

Method of 

identifying 

participants 

Intervention Total cost (£,2015) Total QALYs Prevalence of T2DM 

after 50 years (%) 

Average number of 

years lived with T2DM 

after 50 years 

 

 

IGT 

No intervention 17,772 11.53 42% 5.75 

Pragmatic lifestyle programme 17,774 11.59 41% 5.43 

Intensive lifestyle programme 18,423 11.76 33% 3.97 

Metformin 17,988 11.60 38% 5.03 

 

 

IFG 

No intervention 17,429 12.13 38% 5.34 

Pragmatic lifestyle programme 17,440 12.19 37% 5.07 

Intensive lifestyle programme 18,452 12.28 31% 3.98 

Metformin 17,908 12.20 35% 4.68 

 

HbA1c 

No intervention 17,436 12.13 38% 5.35 

Pragmatic lifestyle programme 17,446 12.19 37% 5.08 

Intensive lifestyle programme 18,507 12.27 31% 4.03 

Metformin 17,475 12.23 33% 4.18 

  



 

91 
 

Table 4.4: Diabetes incidence and risk reduction over 10 years and 50 years 

Method of 

identifying 

participant 

No 

intervention 

Low intensity lifestyle 

programme 

High intensity lifestyle 

programme 

Metformin 

 Incidence 

T2DM 

Incidence 

T2DM 

Relative risk 

reduction 

Incidence 

T2DM 

Relative risk 

reduction 

Incidence T2DM Relative risk reduction 

 After 

10 

years 

After 

50 

years 

After 

10 

years 

After 

50 

years 

At 10 

years 

At 50 

years 

After 

10 

years 

After 

50 

years 

At 10 

years 

At 50 

years 

After 10 

years 

After 50 

years 

At 10 

years 

At 50 

years 

IGT 23% 42% 22% 41% 7% 3% 14% 33% 39% 21% 20% 38% 16% 9% 

IFG 19% 38% 18% 37% 7% 3% 13% 31% 35% 

 

17% 16% 35% 16% 9% 

HbA1c 19% 38% 18% 37% 7% 3% 13% 31% 35% 17% 13% 33% 35% 14% 

The 10-year incidence of T2DM in people with IGT in this model (23%) is in line with that observed in the Diabetes Prevention Programme Outcomes Study 

(25%) [23]. The 10-year incidence of T2DM in people with IFG in this model (19%) is higher than observed in a German study of diabetes incidence (15%) 

[34]. However, meta-analyses of progression to T2DM for people with different types of intermediate hyperglycaemia [12] report wide ranges of incidence 

between studies which may be accounted for by differences in other risk factors, such as BMI.   
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Table 4.5: Incremental cost-effectiveness ratios and cost-effectiveness relative to no intervention for individual participants in a prevention 

programme 

Method of 

identifying 

participants 

Intervention Incremental cost-effectiveness ratio (ICER) 

(relative to next best intervention) 

Cost-effectiveness ratio (CER) 

(relative to no intervention) 

Increm-

ental cost            

(£, 2015) 

Incremental 

effect 

(QALYs) 

ICER 

(£/QALY) 

Probability 

ICER< 

£20,000/Q

ALY 

Cost vs no 

intervention 

(£, 2015) 

Effect vs no 

intervention 

(QALYs) 

CER 

(£/QALY) 

Probability 

CER< 

£20,000/QALY 

IGT No intervention - - - - - - - - 

Low-intensity lifestyle 3 0.06 44 98.19% 3 0.06 44.33 98.19% 

Metformin Subject to extended dominance 367 0.07 5,224 75.86% 

High-intensity lifestyle 649 0.18 3,707 74.58% 652 0.23 2,775 80.5% 

IFG No intervention - - - - - - - - 

Low-intensity lifestyle 11 0.06 195 98.5% 11 0.06 195 98.5% 

Metformin Subject to extended dominance 479 0.07 6,842 76.28% 

High-intensity lifestyle 1,012 0.09 11,219 75.09% 1,023 0.15 6,820 81.44% 

HbA1c No intervention - - - - - - - - 

Low-intensity lifestyle 11 0.06 186 97.79% 11 0.06 186 97.79% 

Metformin 28 0.05 600 50.40% 39 0.10 372 77.89% 

High-intensity lifestyle 1,032 0.04 25,481 40.38% 1,071 0.15 7,376 71.28% 
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Figure 4.2: Cost-effectiveness plane of all interventions – incremental costs and QALYs compared to no intervention 
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At a willingness to pay threshold of £20,000/QALY, the probability of being cost-effective 

relative to the next best alternative was 98%, 99%, 98% for low-intensity lifestyle 

programmes and 75%, 75% and 60% for high-intensity lifestyle programmes for participants 

with IGT, IFG and HbA1c respectively. The probability that metformin was cost-effective 

relative to the next best alternative was 50% for participants with HbA1c (Appendix 4.3).   

 

Cost-effectiveness ratios (CERs) – comparison with no intervention: Compared to no 

intervention, the low-intensity lifestyle programme was the most cost-effective option with 

CERs of £44/QALY, £195/QALY and £186/QALY in populations with IGT, IFG and HbA1c in the 

‘at risk’ range respectively. Intensive lifestyle interventions cost £2,775/QALY, £6,820/QALY 

and £7,376/QALY and metformin £5,224, £6,842 and £372/QALY relative to no intervention 

for IGT, IFG and HbA1c respectively. At a willingness to pay threshold of £20,000/QALY, the 

probability of being cost-effective was 98%, 99%, 98% for low-intensity lifestyle 

programmes, 81%, 81% and 71% for high-intensity lifestyle programmes and 76%, 76% and 

78% for metformin in participants with IGT, IFG and HbA1c respectively. 

 

Effect on diabetes prevalence: With no intervention, 42% of the IGT population and 38% of 

the IFG and HbA1c population developed T2DM over 50 years. Incidence of T2DM was 

reduced to 41%, 33% and 38% in the IGT population, 37%, 31% and 35% in the IFG 

population and 37%, 31% and 33% in the HbA1c population with low-intensity lifestyle 

programmes, high-intensity lifestyle programmes and metformin respectively [Table 4.4].    
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4.3.2. Outcomes of a nationwide prevention programme 

Incident cases of T2DM would reduce by 0.3 to 1.5 % over 50 years in 50-59 year olds if a 

pragmatic lifestyle programme was offered to everyone with either IFG, IGT or HbA1c in the 

at risk range in this age group in England [Table 4.6]. A national intensive lifestyle 

programme would lead to the greatest population health benefits with a 1.9 to 3.1% 

reduction in diabetes incidence and 2.7 to 3.4% reduction in the number of years with 

T2DM in this cohort. The type of intermediate hyperglycaemia has a significant impact on 

population-level outcomes due to of the substantially higher prevalence of IFG and high 

HbA1c than IGT. 

 Table 4.6: Outcomes for an England-wide prevention programme  

Method of 

identifying 

participants 

Intervention Reduction 

in incident 

cases of 

T2DM 

(number of 

cases) 

% 

reduction 

in 

incident 

cases of 

T2DM  

Reduction in 

average 

number of 

years lived 

with T2DM 

(number of 

years) 

% reduction in 

average number of 

years lived with 

T2DM (%) 

 

IGT 

Pragmatic lifestyle 

programme 

2,938 0.3% 0.03 0.5% 

Intensive lifestyle 

programme 

20,494 1.9% 0.15 2.7% 

Metformin 9,388 1.9% 0.07 1.3% 

 

IFG 

Pragmatic lifestyle 

programme 

11,582 1.1% 0.04 0.7% 

Intensive lifestyle 

programme 

32,119 3.0% 0.19 3.4% 
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Metformin 20,863 1.9% 0.11 2.0% 

 

HbA1c 

 

 

Pragmatic lifestyle 

programme 

15,856 1.5% o.03 0.6% 

Intensive lifestyle 

programme 

33,027 3.1% 0.15 2.8% 

Metformin 29,163 2.7% 0.14 2.5% 

 

Annual incremental costs are negative from year 3 for pragmatic lifestyle programmes, year 

4 for intensive lifestyle programmes and from year 10 for metformin, relative to no 

intervention (Figure 4.3). Cumulative costs remain positive over the 50-year modelling 

period relative to no intervention (Figure 4.4). Assuming no existing diabetes services are 

displaced, an England-wide prevention programme requires an investment (as a % of total 

diabetes costs) of 0.5 to 0.9% in Year 1, 0.2 to 0.3% in Year 2 for a low-intensity lifestyle 

programme and 3.1 to 5.2% in Year 1, 1.4 to 2.3% in Year 2 and 1.0 to 1.8% in Year 3 for a 

high-intensity lifestyle programme, depending on the type of participants targeted 

(Appendix 4.4). 

For an average-sized CCG, this would equate to a reduction in incident cases of T2DM 

between 12-67 in the case of low-intensity lifestyle programmes, 86-139 in the case of 

intensive lifestyle programmes and 35-123 in the case of metformin at a cost in year 1 of 

£194,000-£319,000 for pragmatic lifestyle programmes, £1.17million-£1.9million for 

intensive lifestyle programmes and £ £118,000-£194,000 for metformin. 
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Figure 4.3: Annual costs of an England-wide programme 
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Figure 4.4. Cumulative cost of an England-wide programme 
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4.3.3. Sensitivity analysis 

Key factors impacting cost-effectiveness calculations in one-way sensitivity analysis were 

health state utilities, hazard ratios of death, relative risks of T2DM and costs of the 

interventions. Additional scenarios examining extended duration of intervention effect, use 

of WHO criteria to diagnose IFG, increased/decreased intervention cost and inclusion of 

unrelated healthcare costs (Appendix 4.5) resulted in the following differences from the 

base case analysis: i) low-intensity lifestyle programmes are cost-saving in all participants 

when intervention effect is extended, ii) low-intensity lifestyle programmes are cost saving if 

the WHO criteria are used to diagnose IFG, with reduced budget impact at a population 

level but fewer cases of T2DM prevented, iii) metformin is cost saving in participants with 

HbA1c when intervention effect is extended and iv) high-intensity lifestyle programmes are 

cost-effective in participants with HbA1c when intervention costs were decreased by 20%. 

All interventions remained cost-effective relative to no intervention when unrelated 

healthcare costs were included in the analysis. 

 

An assessment of the validity of this model is summarised in Appendix 4.6. 
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4.4. DISCUSSION 

4.4.1. Principal findings  

This analysis produced six major findings. Firstly, low-intensity lifestyle interventions are the 

lowest cost diabetes prevention programme over a participant’s lifetime in all types of 

intermediate hyperglycaemia. Secondly, high-intensity lifestyle interventions deliver the 

greatest health benefit in terms of reducing diabetes incidence, years lived with T2DM and 

QALYs gained in participants with all types of intermediate hyperglycaemia. Thirdly, at a 

population-level, the type of intervention has the greatest impact on costs while the type of 

intermediate hyperglycaemia has the greatest impact on % reduction in incident cases. 

Fourthly, low- and high-intensity lifestyle programmes are very cost-effective in participants 

with IFG and IGT, while metformin is not a cost-effective option in these populations. These 

results were consistent across a range of parameter values. Fifthly, while budget impact as a 

% of total diabetes expenditure is small, these interventions require a net increase in 

diabetes expenditure (assuming existing services are not displaced) over 2, 3 and 9 years in 

the case of low-intensity lifestyle programmes, high-intensity lifestyle programmes and 

metformin respectively. Subsequent savings due to reduced incidence of T2DM are 

insufficient to entirely offset this increased expenditure. Finally, impact on incidence of 

T2DM at a population level is small, due to lack of overlap between different types of 

intermediate hyperglycaemia and issues with participation in screening tests, adherence to 

interventions and attenuation in the treatment effect over time. For example, if IGT is used 

to identify participants, only 25% of people with intermediate hyperglycaemia who develop 

T2DM will be identified. I assume only 50% of those with IGT are identified opportunistically 

and only 50% of those identified will attend a lifestyle programme. Therefore, only 6.25% of 
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those with intermediate hyperglycaemia will attend a lifestyle programme. Their risk of 

T2DM is 15% over the two years of a low intensity lifestyle programme, which in turn 

reduces this risk by 26%. Therefore, there is a reduction in risk of 4% for 6.25% of the 

relevant population, leading an absolute reduction in incidence of T2DM of 0.25%.     

These results are comparable with previously published economic evaluations of diabetes 

prevention programmes, as outlined in Chapter 3, which found ICERs ranging from cost 

saving to £134,420/QALY, with a median value of £7,490/QALY for lifestyle programmes and 

ranging from cost saving to £32,430/QALY with a median value of £8,428/QALY for 

metformin in comparison to no intervention. Differences in assumptions regarding 

intervention cost and effect and uncertainty regarding key parameter values (e.g. duration 

of intervention effect), account for the range of ICERs in published economic evaluations. 

 

4.4.2. Implications for policy makers 

This analysis provides a quantification of a number of key tensions in diabetes prevention 

policy: 1) whether to select participants for which interventions will be the most cost-

effective (those with IGT) or participants identified by tests that are widely used in current 

clinical practice (those with high HbA1c or IFG), 2) whether to target interventions at 

populations with the most attractive ICERs (those with IGT) or populations in which the 

greatest population-wide impact could be achieved (those with IFG according to ADA 

criteria), 3) whether to minimise budget impact by providing low-intensity lifestyle 

programmes or maximise reduction in incidence of T2DM and quality-adjusted life-years 

gained by providing high-intensity lifestyle programmes.  
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On balance, this analysis suggests that current English national policy of targeting 

prevention programmes at participants with IFG or HbA1c, and not recommending 

metformin as first-line prevention, will be cost-effective and have the most favourable 

budget impact. However, the modest reduction in incidence of T2DM suggests that, 

importantly, this approach will be insufficient to address the substantial growth in diabetes 

forecast for the coming decades. The search for additional interventions should continue. 

 

I did not formally evaluate costs and effects in other countries. However, effect sizes in this 

model are drawn from international studies, therefore conclusions regarding gains in QALYs, 

reduction in incidence of T2DM and years with T2DM should be broadly generalizable, 

assuming equivalent prevalence of intermediate hyperglycaemia.   

 

4.4.3. Strengths and limitations 

This analysis adds to previous economic evaluations by: i) quantifying the impact of different 

types of intermediate hyperglycaemia and different intensities of lifestyle programme and ii) 

estimating costs and consequences at an individual participant-level and a national 

programme-level, using a case study of England. This study’s limitations include: the 

availability of primary clinical data and the structure and scope of the Markov model. In 

terms of data availability, there were limited primary clinical data from trials to: i) model 

participants with intermediate hyperglycaemia identified by HbA1c, ii) quantify the long-
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term effect of pragmatic lifestyle interventions, iii) differentiate the reduction in diabetes 

incidence due to low intensity lifestyle interventions by type of intermediate 

hyperglycaemia, iv) evaluate the long term effects of metformin in isolation by age-group, as 

the US DPPOS data used in this analysis relates to a cohort that received lifestyle advice in 

addition to metformin from year 4 of the 10-year intervention.  Another major shortcoming 

is the absence of evidence on the impact of lifestyle interventions on endpoints important 

to patients, for example, the complication of diabetes and death.  In terms of the model 

structure, I elected to use a Markov model to compare our findings with those of previous 

economic evaluations, the majority of which use Markov models. However, the underlying 

physiological changes in intermediate hyperglycaemia and diabetes (fasting glucose, post-

load glucose or HbA1c) are continuous variables, which are better suited to simulation 

modelling. However, this requires more detailed data which were not available for all types 

of participants and interventions modelled. In terms of the scope of the model, we 

modelled only costs and QALYs relating to diabetes and its complications, whereas 

interventions may have beneficial effects on other types of disease (e.g. obesity-related 

cancers, dementia), that are not captured, but would likely improve the cost-effectiveness 

of lifestyle programmes. In addition, we did not explicitly model adverse effects of 

metformin, which we assumed were accounted for in the lower incremental utilities 

associated with metformin relative to lifestyle programmes.  

 

4.5. SUMMARY AND CONCLUSION 

This modelling study has confirmed that in individual case-based interventions for diabetes 

prevention the type of intermediate hyperglycaemia and the intensity of lifestyle 
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intervention do have an effect on the cost, health impact and cost-effectiveness of the 

intervention. In participants with all types of intermediate hyperglycaemia, low-intensity 

lifestyle interventions are the lowest cost diabetes prevention programme over a 

participant’s lifetime whereas high-intensity lifestyle interventions deliver the greatest 

health benefit (in terms of reducing diabetes incidence, years lived with T2DM and QALYs 

gained). Low- and high-intensity lifestyle programmes are very cost-effective in participants 

with IFG and IGT, while metformin is not a cost-effective option in these populations but is 

in participants with HbA1c in the ‘at risk’ range. All individual case-based prevention 

programmes require an increase in diabetes expenditure, with subsequent savings being 

insufficient to entirely offset this expenditure, and the impact on incidence of T2DM at a 

population level is small.    

 

This analysis suggests that current English national policy of low-intensity lifestyle 

programmes in participants with IFG or HbA1c will be cost-effective and have the most 

favourable budget impact, but will prevent only a fraction of cases of T2DM. Additional 

approaches to prevention need to be investigated urgently. Chapter 5 reviews the literature 

on population-wide interventions to identify additional approaches to diabetes prevention. 

And Chapter 6 considers these interventions’ impact on health system costs and outcomes 

(cumulative incidence of T2DM and QALYs). 
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CHAPTER FIVE  

 

Population-wide approaches to 

preventing T2DM or obesity:  

Current evidence of efficacy  
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5: POPULATION-WIDE APPROACHES TO PREVENTING T2DM OR OBESITY – OVERVIEW OF 

SYSTEMATIC REVIEWS TO ASSESS CURRENT EVIDENCE OF EFFICACY  

 

The content of this chapter is based partly on material published previously in the following 

peer-reviewed journal article: 

• Roberts S, Pilard L, Chen J, Hirst H, Rutter H, Greenhalgh T. Efficacy of population-

wide diabetes and obesity prevention programmes: an overview of systematic 

reviews on proximal, intermediate and distal outcomes and a meta-analysis of 

impact on BMI. Obesity Reviews (in press)  

My role: I conceptualised the study, undertook the searches and data extraction, 

performed the meta-analyses, wrote the first draft of the paper and collated 

responses from other authors. I am the corresponding author and guarantor for the 

paper. 

 

5.1. BACKGROUND, AMIS AND OBJECTIVES 

Prevention of T2DM is a global health priority due to high and rising prevalence and 

associated health system costs. Many policy makers, including those in England, are 

developing T2DM prevention policies based on individual-case based programmes, typically 

lifestyle interventions, as outlined in Chapter 2. Chapters 3 and 4 explored the effect of 

these policies on costs and health outcomes finding that, whist they are efficacious and 

cost-effective, they have a small impact on cumulative incidence of the disease. The next 

two chapters (chapter 5 and 6) will examine the potential impact of another approach to 
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T2DM policy: population-wide prevention programmes. These are rooted in the ecological 

approach to public health [1] which invites consideration of a far broader range of 

population-wide actions, aimed at altering physical, economic, policy or socio-cultural 

components of either micro-(e.g. schools, workplaces) or macro- (e.g. town, region, nation) 

environments [2]. Population-wide programmes aim to address the risk factors for the 

disease as far ‘upstream’ as possible and across the entire population. In the case of T2DM, 

the most commonly associated risk factors are body mass index (BMI), waist circumference 

and hypertension [3, 4],  with measures of adiposity the only factors shown to be causally 

related to T2DM incidence [5]. 

 

This chapter aims to evaluate the efficacy of population-wide obesity and diabetes 

prevention programmes that operate at the level of the macro-environment. Evidence of 

efficacy is considered at three levels: 

i) Proximal indicators of behaviour change (e.g. increased physical activity in a 

particular setting or increased choice of healthy food options); 

ii) Intermediate indicators of change in energy balance (e.g. increase in total 

physical activity or reduced total calories consumed); 

iii) Distal anthropometric indicators (e.g. reduction in BMI, prevalence of 

overweight/obesity or T2DM) 

 

The objectives are to review the existing literature on population-wide T2DN or obesity 

prevention interventions, categorise these according to type of action or policy and 
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summarise the effect of each type of intervention on the proximal, intermediate and distal 

indicators outlined above.  

 

5.2. METHODS  

I undertook an overview of systematic reviews, which synthesizes the results of multiple 

systematic reviews, due to the breadth of the area under study and the multiple 

interventions examined. I pre-specified the study protocol and registered with PROSPERO 

(CRD42017084364) and reported findings according to the PRISMA statement [6] (Appendix 

5.1). Meta-analysis of primary studies reporting change in BMI was undertaken as each 

review only included a small number of primary studies reporting this endpoint and there 

was limited overlap between these included studies.  

 

5.2.1. Search strategy 

To identify search terms, I started with two seminal reviews of obesity prevention[7, 8] and 

undertook citation tracking and follow-up of references (see Appendix 5.2 for terms used). 

Our department librarian (NA) provided advice on which databases to use, checked that I 

had correctly entered search terms and checked the results of searches. I searched eight 

databases (Embase, Medline, CINAHL, DoPHER, DARE, NHS EED, HTA, Cochrane Library) for 

systematic reviews describing population-wide interventions for T2DM or obesity 

prevention before February 2017. No restrictions were applied to the publication status of 

reviews, both peer-reviewed publications and grey literature were included. All abstracts 

were exported into EndNote, duplicates removed and independently reviewed by myself 
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and a second reviewer (LP) to identify papers for full review. I undertook citation tracking 

and screening of references which identified an additional 133 papers for full paper review. 

Inclusion criteria were i) systematic reviews, ii) describing population-wide interventions 

aimed at preventing T2DM or obesity in adults, and iii) reporting effect of interventions on 

proximal indicators of behaviour change, intermediate indicators of change in energy 

balance or distal anthropometric indicators. Exclusion criteria included: i) interventions 

aimed at individuals identified as being at high risk of T2DM or obesity (e.g. medications, 

surgery, individual lifestyle programmes, tailored print or technology-based interventions), 

ii) interventions aimed at specific population sub-groups (e.g. pregnant or post-partum 

women, women with gestational diabetes) or specific micro-environments (e.g. schools or 

workplaces), iii) interventions aimed only at children (e.g. time-based restrictions on food 

advertising) and iv) studies reviewing different end-points (e.g. awareness, intention or 

attitudes). Only interventions for which there was a significant body of literature were 

included to keep the number of possible interventions manageable, therefore I only 

included interventions that were summarised in two or more systematic reviews.  

 

5.2.2. Data extraction 

I grouped interventions described in included reviews according to the Analysis Grid for 

Environments Linked to Obesity framework [2], which categorises elements of the 

obesogenic environment according to: i) primary mechanism of action (increasing energy 

expenditure or decreasing energy consumption), ii) level at which they operate (micro- or 

macro-environments) and iii) type of environment (physical, economic, policy or 

sociocultural). For reviews in each category, I created an Excel worksheet for data extraction 
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including: aim of review, databases searched, number and type of papers included, specific 

areas of focus (country or age groups), interventions, type of analysis, proximal, 

intermediate and distal outcomes reported and conclusions. I undertook the initial data 

extraction and this was checked for accuracy by one of two additional reviewers (LP, QC). 

 

5.2.3. Quality assessment 

Quality of systematic reviews was assessed by two reviewers, myself and one of two 

additional reviewers (LP or QC) using the AMSTAR tool [9]. Disagreements were resolved by 

discussion. AMSTAR was chosen because of its rigorous development process, explicit 

criteria and wide use among researchers. AMSTAR2, an updated version of AMSTAR, had 

not been published at the time this work was carried out. I summarised methods used to 

assess quality of primary studies in included reviews and the results of these assessments in 

the data extraction worksheets.  

 

5.2.4. Meta-analysis 

I undertook meta-analysis of 22 empirical primary studies that reported impact on BMI in an 

intervention population versus a comparator population within included reviews. Results of 

modelling studies were not included in the meta-analysis. I extracted data on mean 

difference in BMI between intervention and comparator groups and standard error of the 

difference from studies which reported data in a comparable way and entered these into 

RevMan (Review Manager version 5.3) using inverse variance random-effects meta-analysis. 

Jennifer Hirst provided advice on data entry, imputation of data, type of analysis and 

formatting of forest plots and checked the final analysis.  Interventions compared in meta-
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analysis were increasing SSB and fast food prices and decreasing fruit and vegetables on BMI 

as well as menu-labelling, grocery store interventions and multi-component interventions. 

Random effects analyses were selected to reflect different study populations, settings and 

intervention type and duration between included studies. Where standard error of the 

difference between groups was not reported, or the reporting of the standard error was 

thought to be incorrect [10], I imputed these by averaging the standard errors of other 

studies which compared the same intervention and outcome, as recommended in the 

Cochrane Handbook [11].   

 

5.3. RESULTS 

5.3.1. Description of dataset 

The initial search identified 1238 papers. Following removal of duplicates and abstract 

screening, 321 papers underwent full review. 268 papers were excluded for failing to meet 

the inclusion criteria, leaving 53 systematic reviews included in this review (Figure 5.1.). 

Inter-rater reliability in applying the AMSTAR tool was high (joint probability of agreement > 

90%) and all discussions over disagreements culminated in consensus. 
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Figure 5.1. Preferred reporting items for systematic review and meta-analysis flow 

diagram 

 

 

The requirement for interventions to be mentioned in two or more previous systematic 

reviews led to the exclusion of a  review on policies to reduce trans fats [12] and one on 

calorie labelling in vending machines[13].  Included reviews described macro-environmental 

interventions within the following categories of the ANGELO framework: 

1. Reducing energy consumption through: 

a. Economic measures:  

i. Sugar sweetened beverage prices (nine reviews) 

ii. Fast food prices (five reviews) 

iii. Fruit and vegetable prices (six reviews) 



 

113 
 

b. Policy measures – labelling nutritional information in foods purchased in: 

i. Grocery stores and convenience stores – ‘food labelling’ (two reviews) 

ii. Restaurants and other food service establishments – ‘menu labelling’ 

(12 reviews) 

c. Combination of economic, policy and physical measures: 

i. Changing the layout or food provided or promoted in food stores – 

‘grocery store interventions’ (seven reviews) 

2. Increasing energy expenditure through: 

a. Sociocultural measures: 

i. Mass media campaigns encouraging physical activity (nine reviews) 

b. Physical measures: 

i. Park and playground renovations (four reviews) 

ii. Point of decision prompts to encourage stair usage (five reviews) 

c. Combination of economic and physical measures: 

i. Encouraging active travel, that is walking or cycling rather than using 

motorised transport (seven reviews) 

3. Increasing energy expenditure and decreasing energy consumption 

a. Combination of physical, policy, sociocultural and economic measures: 

i. Multi-component community-based interventions (nine reviews) 

 

The 53 reviews in this sample provide relatively recent summaries of the literature, with 

only 11 published before 2010 (five of which evaluated mass media campaigns) and almost 

half (26 reviews) published since 2014. The vast majority of included studies were from the 

US, except in the areas of multi-component community interventions which were from a 
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wide variety of countries and point of decision prompts to encourage stair use which were 

mostly from Europe. Details of methods employed in included reviews (type of synthesis, 

number and type of included papers, quality assessment) are summarized in Appendix 5.3. 

A number of reviews included more than one intervention.  

 

5.3.2. Methodological quality and quality of evidence in included systematic reviews 

AMSTAR-assessed quality of included reviews [9] is summarised in Table 5.1. Of 53 included 

reviews, 24 were assessed as good quality (scoring 8 or more out of 11), 24 fair (scoring >= 5 

and <8) and 5 poor (scoring 4 or less). No reviews were excluded on the basis of this quality 

assessment. All reviews stated their research question and inclusion criteria and provided 

evidence of ‘a priori design’. 46 of the 53 reviews undertook comprehensive search and 36 

undertook duplicate study selection and data extraction, 50 described characteristics of 

included studies and 52 combined findings of studies appropriately, though only 8 of the 53 

estimated the likelihood of publication bias and 8 listed excluded studies. Most reviews 

undertook narrative synthesis rather than meta-analysis owing to heterogeneity of included 

studies. 
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Table 5.1: Quality assessment of included reviews using AMSTAR criteria. 

Intervention Total 
number 
of studies 

Number of reviews assessed as reporting 

1. A priori 
design 
provided 

2. Duplicate 
study 
selection 
and data 
extraction 

3. Two or 
more 
electronic 
sources 
searched 

4. Status of 
publication 
used as 
inclusion 
criteria 

5. List of 
included 
and 
excluded 
studies 
provided 

6. Characteristics 
of included 
studies described 

7. Scientific 
quality of 
included 
studies 
assessed 

8. Scientific 
quality of 
studies 
used when 
formulating 
conclusions 

9. Method 
used to 
combine 
studies 
appropriate 

10. Likelihood 
of publication 
bias assessed 

11. Conflict of 
interests 
included 

Sugar 
sweetened 
beverage tax 

9 9 6 9 6 0 8 3 3 9 2 5 

Food labelling 2 2 0 2 1 1 1 1 1 2 1 1 

Menu 
labelling 

11 11 6 9 5 3 11 7 5 11 2 8 

Food store 
interventions 

5 5 4 3 3 1 5 4 4 5 0 3 

Mass media 
campaigns 

9 9 6 8 6 0 8 4 6 9 2 2 

Active travel 6 6 5 6 2 1 6 4 3 5 0 5 

Park and 
playground 
renovations 

2 2 2 2 0 0 2 2 2 2 0 1 

Point of 
decision 
prompts to 
increase stair 
use 

4 4 3 3 1 1 4 2 2 4 0 3 
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Multi-
component 
interventions 
to increase 
physical 
activity 

5 5 4 4 2 1 5 3 2 5 1 4 

Total 53 53 36 46 26 8 50 30 28 52 8 32 
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Thirty of the 53 reviews undertook quality assessment of included studies (Appendix 5.3). 

Most included studies were either natural experiments or econometric analyses of national 

survey data. Reflecting the difficulty of assessing bias in these types of studies, a wide a 

variety of tools were used by reviewers. Common concerns regarding study quality across 

reviews were lack of a control population, failure to account for confounding influences, 

failure to blind outcome assessors and the use of un-validated tools for outcome 

measurement (particularly for self-reported physical activity).  

 

Details of review findings and conclusions are summarised below, with additional detail in 

Appendices 5.4 - 5.7. Summary of findings of primary studies included within reviews that 

reported impact on BMI, weight or prevalence of overweight and obesity are summarized 

below, with additional data in Appendix 5.8. 

 

5.3.3. Interventions aimed at reducing energy consumption 

Studies of interventions aimed at reducing energy consumption reported efficacy at three 

levels: i) proximal indicators of behaviour change such as quantity of food or beverage 

selected, purchased or consumed in response to change in price (own price elasticity of 

demand), labelling or availability, ii) intermediate indicators of a change in net energy 

balance such as reduction in total calories consumed and iii) distal indicators of 

anthropometric changes at the individual level (change in weight or BMI) or at the 

population level (change in prevalence of overweight, obesity or T2DM). Table 5.2. 

summarises the combined findings of included reviews.  
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Table 5.2: Interventions to reduce energy consumption: summary of review findings 

  Proximal indicators Inter-mediate indicators Distal effects 

Category Intervention Selection/purchase/consumption of 
food 

Total calories consumed BMI or body weight Prevalence of obesity or 
overweight 

Incidence of 
T2DM 

EC
O

N
O

M
IC

 M
EA

SU
R

ES
 SSB tax Reduced purchase with increased price NR Small effects on BMI associated with 

increased price 
Insufficient evidence of 
impact on probability of 
obesity/overweight 

NR 

Fast food tax Reduced purchase with increased price NR Insufficient evidence of impact on 
BMI 

Insufficient evidence of 
impact on probability of 
obesity/overweight 

NR 

Fruit and 
vegetable 
subsidy 

Increased purchase with reduced price NR Insufficient evidence of impact on 
BMI 

Insufficient evidence of 
impact on probability of 
obesity/overweight  

NR 

P
O

LI
C

Y
 M

EA
S-

U
R

ES
 

Menu 
labelling 

Impact on calories ordered only in 
some contexts/labelling formats/study 
types   

Insufficient evidence in real-
world settings 
 

NR NR NR 

Food labelling Increased selection of healthy options  Insufficient evidence  NR NR NR 

P
H

Y
SI

C
A

L 
A

N
D

 
EC

O
N

O
M

IC
 

M
EA

SU
R

ES
 

 

Food stores Increased selection of healthy options NR Some evidence of weight loss 
particularly in studies including 
discounts on healthy food  

NR NR 
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A. Economic measures (e.g. taxes, subsidies):  

Increasing consumption of highly processed, energy dense food (which tends to be cheaper 

than less energy dense food) is associated with increasing prevalence of obesity [14]. 

Changes to food prices aim to either increase consumption of healthy foods such as fruit 

and vegetables, or to reduce consumption of unhealthy foods, for example sugar-

sweetened beverages (SSBs) which are a substantial source of calories (almost half of 

calories from added sugar in the US[15]) but have nearly no nutritional value. Nine 

systematic reviews examined economic measures aimed at decreasing energy consumption, 

focusing on prices of SSBs, fast food or fruit and vegetables. Nine reviews, including 78 

papers, summarised the effect of changes in price of SSBs, fast food or fruit and vegetables. 

Up to 65% of included studies in these reviews were common across two or more reviews. 

 

A1. Taxation of sugar sweetened beverages: 9 reviews[12, 16-24] examined the effect of 

change in price of SSBs, including 3 meta-analyses. Findings of the three reviews that had an 

AMSTAR score of greater than or equal to 8 [16, 20, 21] demonstrated that price elasticity of 

demand for SSBs was between -0.56 and -1.2 (indicating that for every 10% increase in 

price, there was a decrease of between 5.6%-12% in quantity of SSBs purchased) The wider 

dataset of 9 reviews had broadly similar findings. Reviews covered a total of 53 primary 

studies, 27 based on models and the remainder empirical. All the reviews showed a negative 

relationship between price and quantity of SSBs purchased. Six reviews reported on price 

elasticity [16, 17, 19, 20, 23, 24], which ranged from -0.67 to -1.30 (see above for 

explanation). Only one review [19] reported on cross-price elasticity of demand, with 

increased prices of SSBs associated with increased quantities of milk and fruit juices 
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purchased but decreased quantities of diet drinks purchased, suggesting that SSBs may be 

substituted with other high-energy drinks. Reviews included eight primary empirical studies 

reporting impact on weight related outcomes [25-29] [30]  [28, 31-33] which showed small 

positive changes or no change.  

 

Meta-analysis of four primary studies [25-27, 29] included in reviews that reported 

association between a 1% increase in SSB price and BMI found an association of borderline 

significance (Mean difference in BMI associated with 1% increase in SSB price: -0,02; 95% CI: 

-0.04; 0.00; I2=37% (Figure 5.2a)). Of the four primary studies included in reviews that 

reported an association between SSB price and probability of overweight/obesity, two 

found no significant association [32, 33], one found an association with a random effects 

model but not a fixed effects model (suggesting time-varying individual characteristics such 

as work and marital status may over-ride the effect of changes in prices) [31] and one found 

a 1% increase in price of SSBs was associated with a statistically significant 0.01% and 0.02% 

absolute reduction in probability of obesity and overweight respectively. 

 

A2. Increased prices of fast food: The only review that we ranked as good quality (and the 

only meta-analysis) which examined the effect of change in price on purchase of fast-food 

and/or weight outcomes [16] found that, overall, a 1% increase in the price of fast food was 

associated with a 0.3% absolute decrease in consumption but not with statistically 

significant changes in BMI. Similar small but positive effects on proximal and intermediate 

outcomes but non-significant effect on distal outcomes were found across the full dataset of 
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5 reviews addressing this question [16, 17, 22-24]. Reviews included 19 primary studies (11 

on adults, 4 on adolescents and 6 on children). 

Fast food consumption appeared less responsive to price changes than SSBs, with 3 reviews 

reporting price elasticity of demand between -0.32 and -0.8).  

Meta-analysis of four primary studies [10, 34-37] included in reviews that reported 

association between a $1 change in fast food price and BMI found a non-significant 

association (mean difference in BMI with $1 increase in price: -0.23; 95% CI: -0.61,0.14; 

I2=0%) (Figure 5.2b). One additional primary study [10] that reported a different outcome 

(association between BMI per 1% difference in fast food price) also found an inverse 

relationship, but significance was not reported. Of the three primary studies included in 

reviews that reported association between fast food price and probability of 

overweight/obesity, one found no significant association[34], one found an association with 

a random effects model but not a fixed effects model [31] and one found a 0.07% decrease 

in the probability of obesity of uncertain significance associated with a 1% increase in price 

of fast food[10].  
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Figure 5.2a: Association between price of SSBs and BMI (difference in BMI associated with 1% increase in SSB price) 

 

 

 

Figure 2b: Association between price of fast food and BMI (difference in BMI associated with $1 increase in fast food price) 

 

 

 



 

123 
 

Figure 2c: Association between price of fruit and vegetables and BMI (difference in BMI associated with $1 decrease in fruit and vegetable 

price) 
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A3. Fruit and vegetable prices:  Two reviews addressing this question were ranked as good-

quality using AMSTAR criteria. One [16] found demand for fruit and vegetables to be price 

elastic (for every 10% decrease in price of fruit and vegetables, quantity purchased 

increased by 14%) and an association with non-significant decreases in BMI. The second 

good-quality review [20] found inelastic demand for fruit and vegetables (-0.53 to -0.67) 

with less elastic demand in high income families and high income countries. Findings of 

other included reviews  [16, 17, 20, 22-24] were in line with this second review (demand 

elasticity -0.49 to -0.7). The 24 primary studies covered by these reviews were 

heterogeneous in design and included 7 modelling studies.  

 

Meta-analysis of four primary studies[34-37] included in reviews that reported association 

between BMI and a $1 difference in price found non-significant effects and substantial 

heterogeneity between studies (mean difference in BMI associated with $1 difference in 

price: -1.29; 95% CI: -2.78, 0.19, I2=77%) (Figure 2c). Of the three primary studies reporting 

change in probability of obesity or overweight, one found no significant association [34], 

one found a significant effect on obesity (OR: 0.856) but not overweight [38] and one found 

no significant effect with a fixed effects model but a statistically significant 16.7% increase in 

probability of obesity in women for every $1 increase in price using a random effects model 

[31].  

 

No review reported impact of changes in SSB, fast food or fruit and vegetable prices on 

incidence of type 2 diabetes.  
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Quality assessment of included studies in reviews of economic measures: Quality assessment 

of included studies was undertaken by only four reviews in our sample, with 3 using 

bespoke criteria [20, 21, 24] and one using the American Health Association, US Preventive 

Services Task Force and CDC Community Guide Criteria [16]. Reviewers considered that 

limitations in study quality were predominantly related to study type. Prospective cohort 

studies were ranked by them as highest quality but accounted for a minority of studies. 

Most empirical studies were cross-sectional, which can be associated with over-estimation 

of effect and regression models used to analyse observational data may not sufficiently 

account for confounding variables. Another limitation was that in some cases, modelling 

studies used price elasticity data to simulate large price changes which were well outside 

observed data ranges. 

 

B. Policy measures:  

One of the contributors to an obesogenic environment is excess calorie availability in both 

food stores and food service establishments. In high-income countries, eating outside the 

home is increasing in frequency with food away from home accounting for 30% of weekly 

food spending in the UK [39] and 50% in the US [40]. Increased consumption of food away 

from home is associated with higher fat and energy intake leading to increased risk of 

weight gain, obesity and insulin resistance, which increases the risk of T2DM [41]. This has 

led to interest in labelling the nutritional content of food purchased from stores or menu 

items served in food service establishments, with the aim of increasing selection of healthy 

food options and reducing calorie consumption. 
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Two important of sources of heterogeneity are reported in nutritional labelling studies, and 

examined to different degrees in the included reviews: 

1. Type of label: which can be informative (providing nutrient content amounts only, 

such as total calories per menu item), contextual (providing additional information 

that places nutritional information in context, such as calories per menu item as a % 

of recommended daily calories per person) or interpretive (providing additional 

information that interprets nutritional information, such as traffic light labels or 

energy equivalence labels) 

2. Study setting: whether it occurred in real-world settings (e.g. restaurants, fast-food 

outlets, cafeterias, grocery stores) or artificial settings (e.g. laboratories, online 

surveys) 

Two reviews, with 28 studies between them, summarised the effect of food labelling and 12 

reviews, with 75 studies between them, summarised the effect of menu labelling. The 

maximum number of primary studies in common between reviews was 82% for reviews of 

food labelling and 34% for reviews of menu labelling.   

B1. Food labelling: One review, including a meta-analysis, was assessed as good quality [42] 

and found a positive relationship between food labelling and selection of healthier food 

options across all study types, but no significant relationship in studies in real-world settings 

or on calories consumed. Meta-analysis across all study types in this review found 17.95% of 

purchasers select healthier food products (CI: 11.24% to 24.66%) following the introduction 

of any kind of food labelling, with the introduction of traffic light labelling being the most 

effective (29.36%; CI: 19.73% to 39.00%) but this is not associated with a significant 

reduction in calories consumed (-3.6% [95% CI: -8.90% to 1.72%]). The other included 
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review, which included only real-world studies, found positive effects on purchase or 

consumption in 14 of 19 included studies, but did not report the magnitude or statistical 

significance of effect reported in primary studies [42, 43]. Reviews included 28 primary 

studies. Neither review reported impact on BMI, prevalence of overweight/obesity or T2DM 

because these outcomes were rarely measured in primary studies. Whilst Cecchini’s [42] 

review was of good quality, no systematic assessment of the quality of included studies was 

undertaken. However, he did raise concerns about study quality including small sample 

sizes, limited external validity of laboratory studies and heterogeneity of study outcomes 

limiting the ability to compare studies. Freudenberg’s [43] review did assess quality of 

included studies, with 15 out of 19 rated as moderate quality using modified GRADE criteria.    

 

B2. Menu labelling: Four reviews were assessed as good quality [44-47], but reached 

different conclusions due to differences in study inclusion criteria. These included two meta-

analyses [44, 46] (one, including only recent studies (2012-2014) [46]) which found 

statistically significant reductions of 43-78 kcal ordered and 41-100kcal consumed; one 

narrative synthesis [45] of papers published between 2006-2011 which reported no effect 

on food ordered or consumed and one narrative synthesis [47] of real world studies which 

found mixed effects. Similarly mixed findings were reported across the eight other 

systematic reviews that examined this question: 3 reported mixed findings [43, 48, 49], 3 

positive findings predominantly in studies in simulated settings [50-52], 1 positive findings 

predominantly in universities and worksites [53] and 1 no significant overall effect[54]. 

These reviews included 75 papers, with limited overlap between reviews.  
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No review summarized the effect of calorie labelling on anthropometric measures. 

However, two reports [55-57] evaluating the impact of New York City’s calorie labelling laws 

on BMI were referenced in general discussion. Based on cross-sectional analysis of counties 

with and without menu labelling one found a statistically significant 0.4kg/m2 reduction in 

BMI associated with menu labelling [57] and the other found only a statistically significant 

reduction of -0.31kg/m2 in men, but not women.[55]. Meta-analysis of the results of these 

two studies (Figure 5.3b) found a difference in BMI of -0.25kg/m2 (95% CI: -0.40, -0.10; 

I2=50%).  

 

Overall, review findings are heterogeneous but suggest that menu labelling influences 

behaviour in some people in some contexts, and that longer study time horizons are 

required to understand the impact of these interventions on health outcomes, which may 

be mediated by a learning effect [58, 59] and mitigated by compensatory over-eating [60].      

 

Of the five reviews that reported quality of included studies, four assessed more than 60% 

of included studies to be of moderate quality, one assessed more than 60% of studies to be 

weak. Concerns relating to study quality included lack of a comparison group (particularly in 

real-world settings), differences between comparator groups that were not reported or 

adjusted for, possibility of confounding, small sample sizes (<150 participants) limiting the 

ability to detect small effects and short-term measurement of changes in selection and 

consumption of labelled menu items.  
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C. Physical measures: 

Most food is purchased from grocery stores with three quarters of UK households visiting 

once or more per week[61]. The availability and promotion of healthy food choices is 

associated with healthy eating patterns in consumers who frequent these stores [62].  

Seven reviews summarised food store interventions, incorporating 67 studies. There was a 

small degree of overlap between studies included in reviews, with a maximum of 24% of 

studies in common across two or more reviews. 

C1. Food store interventions: Food store interventions incorporated a range of initiatives to 

encourage selection of healthy food, including: i) improving affordability (e.g. discounts or 

coupons), ii) increasing access or availability (e.g. increased shelf space, more prominent 

placement, improved refrigeration) or iii) information and advertising (e.g. leaflets, 

supermarket tours, food demonstrations, shelf labelling). Seven reviews reported effects of 

food store interventions, with three assessed as good quality. Two of these good quality 

reviews found food-store interventions increased purchase of healthy food, but that a range 

of intervention components was required, with economic incentives associated with the 

greatest effect and information-only campaigns rarely influencing behaviours [63, 64]. And 

the third good quality review found mixed results but included only two papers on this topic 

[65]. Three of four other included reviews reported increased purchasing of healthy food in 

the majority of included studies [43, 64, 66, 67] and one found mixed results (but only 

included papers up to 2003 [53]). Reviews included 67 studies. 
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Meta-analysis of the two primary studies included in reviews that reported change in BMI 

(Figure 5.3a) found small but significant effects (Mean difference in BMI:-1.13; 95% CI: -

1.70.,-0.56, I2=0%) [68, 69], as did a third primary study included in reviews which reported 

effect on BMI (-1.4 kg four weeks post-intervention) [70] .  

 

Six of the seven reviews evaluated quality of included papers. Concerns regarding quality of 

included studies related to lack of objective outcome measurements such as sales data, 

absence of a control population, short term interventions and small sample sizes.  
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Figure 5.3: Effect of population-wide interventions on BMI (mean difference in BMI) 

 

Figure 5.3a: Grocery store interventions - mean difference in BMI between intervention and control groups  

 

 

Figure 5.3b: Menu labelling - difference in difference analyses  
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5.3.4. Interventions aimed at increasing energy expenditure 

Included reviews describe three types of interventions aimed at increasing energy 

expenditure through increased physical activity: 1) socio-cultural (e.g. mass media 

campaigns promoting physical activity), 2) physical (e.g. investment in parks and 

recreational areas, point of decision prompts to increase stair usage) and 3) combined 

economic and physical (e.g. active travel – walking or cycling instead of using motorized 

transport). Efficacy of these Interventions was reported at three levels: proximal indicators 

of behavioural change such as increased park use, cycling to work or stair climbing in public 

places; intermediate indicators of a change in net energy balance such as increased total 

physical activity (per day/week/year); and distal indicators of anthropometric changes at the 

individual level (change in weight or BMI) or at the population level (change in prevalence of 

overweight, obesity or T2DM). Table 5.3 summarises the combined findings of included 

reviews. 
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Table 5.3. Interventions to increase energy expenditure: summary of review findings  

  Proximal indicators Inter-mediate indicators Distal effects 

Category Intervention Activity related to intervention Total physical activity BMI or body weight Prevalence of obesity or 
overweight 

Incidence of 
T2DM 

SO
C

IO
-

C
U

LT
U

R
A

L 
M

EA
SU

R
ES

 Mass media 
campaigns 

NA Insufficient evidence  NR NR NR 

P
H

Y
SI

C
A

L 
M

EA
SU

R
ES

 

Park and 
play-ground 
renovations 

Increases in park use following 
intervention 
 

Insufficient evidence NR NR NR 

Point of 
decision 
prompts 

Increase in stair use following 
intervention 
 

NR NR NR NR 

EC
O

N
O

M
IC

 A
N

D
 

P
H

Y
SI

C
A

L 
M

EA
SU

R
ES

 Active travel Overall, insufficient evidence. 
Tailored interventions aimed at 
households likely to change 
behaviour most promising 
 

Insufficient evidence 
 

Insufficient evidence 
 

Insufficient evidence 
 

NR 
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D. Socio-cultural measures: 

Nine reviews summarised mass media campaigns, incorporating 66 studies. A maximum of 

26% of primary studies included in reviews were common across two or more reviews. 

D1. Mass media campaigns: Mass media campaigns are large scale, intensive campaigns 

that deliver messages about a topic through a variety of media channels with the aim of 

informing or motivating a population to alter their behaviour, in this case primarily to 

increase their levels of physical activity, or to increase other health-related behaviours (e.g. 

adopting a healthier diet). Key messages can be delivered via television, radio, billboards, 

newspapers, magazines, campaign websites and social media channels, with or without 

accompanying community events and educational sessions. Nine systematic reviews[71-79] 

examined the effect of mass media campaigns, including one quantitative synthesis[77] and 

one meta-analysis[78]. The four reviews assessed as good quality [71, 77-79] found mass 

media campaigns had modest and inconsistent effects on physical activity, with insufficient 

evidence to support their effectiveness as stand-alone campaigns. They included: one meta-

analysis which found significant effects on promoting moderate intensity walking (RR=1.53, 

95% CI: 1.25-1.87, I2=0%, pooled across 3 studies), but insufficient to help participants 

achieve sufficient levels of physical activity [78]; and one quantitative synthesis which found 

a median absolute increase in physical activity of 3.4% (IQI: 2.4-4.2%) and median relative 

increase of 6.7% (IQI: 3.0-14.1%) across 10 studies [77], concluding that intervention effects 

were modest and inconsistent. In addition, one high quality review [71] noted that media 

campaigns as a component of other effective interventions (e.g. multi-component 

community interventions) might provide additional benefits. The findings of the other five 

included reviews were broadly similar, reporting either inconsistent findings, insufficient 
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evidence or limited impact. 66 primary studies were included in reviews. No reviews 

reported impact on weight-related outcomes or T2DM. 

Four of the nine reviews assessed quality of included studies. Quality concerns specific to 

mass media campaigns included failure to report number and duration of media exposures 

and to use validated outcome measures or objective measures of activity (e.g. 

accelerometer), with most studies utilizing self-reported physical activity.  

 

E. Physical measures: 

Four reviews summarised investment in parks and recreational areas, incorporating 25 

primary studies, and five reviews summarised point of choice prompts to increase stair use, 

incorporating 60 primary studies. A maximum of 26% and 56% of primary studies included 

in reviews were common across two or more reviews of investment in parks and point of 

choice prompts respectively. 

E1. Investment in parks and recreational areas: Four systematic reviews, three of good 

quality [65, 80, 81] and one of moderate quality [82], examined the effect of park and 

playground renovations on physical activity, including interventions that improved park or 

playground equipment, paths or trails, seating areas and promotion of facilities in green 

spaces. Across all reviews, park and playground renovations appeared effective in increasing 

park use, but there was insufficient evidence of impact on overall physical activity. Three of 

the four reviews [65, 81, 82], including two assessed as good quality, reported increases in 

park use following intervention, but one good quality review, focusing only on children and 

adolescents, found limited evidence of effect [80]. Three reviews reported effect on overall 
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physical activity. Of these, one good quality review [65] found an increase in total physical 

activity in 2 of 5 included studies, another good quality review found no increase in all three 

included studies [80] and one review of moderate quality [82] included only one primary 

study which found an increase in overall physical activity. No reviews reported change in 

anthropometric data.  

 

25 primary studies were included in reviews. All of the reviews reported risk of bias in the 

included studies. Weaknesses in study designs included failure to account for confounding 

variables, non-random allocation, absence of blinding (of participants and/or assessors), 

short follow-up times (most studies were two years or less) and missing data. Reviews 

commented on poor description of mediators and moderators of physical activity, making 

the causal chain between intervention and effect unclear. 

 

E2. Point-of-decision prompts to increase stair use: 

Stair climbing is an attractive target for increasing physical activity as more energy is 

expended than during even vigorous exercise, such as jogging [83].Point of decision prompts 

in public spaces aim to increase stair use as part of people’s daily routine. Five reviews 

considered the efficacy of point of decision prompts on either overall stair use (ascent and 

descent) [71, 84, 85] or stair-climbing [83, 86], all but one [86] undertaking quantitative 

synthesis. Three reviews assessed as good quality [71, 84, 85] found point-of-choice 

prompts to be effective at increasing stair use, with an absolute increase in people using 

stairs of 2% to 6% [71, 84, 85]. Due to low baseline rates of stair-climbing, this equates to 
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between 50-54% median relative increase in stair use [71, 84]. One of these reviews[85] 

found point -of-choice prompts to be more effective in public settings than workplaces, with 

the combination of directional and motivational prompts in workplace settings associated 

with greater increases in stair use than directional prompts alone. Findings of other included 

reviews, not assessed as good quality, were broadly similar. One of these reviews found 

prompts effective when the alternative is an escalator but not when it is an elevator [86] a 

finding that was confirmed by re-analysis of another of the included reviews [87]. Whilst 

stair-use prompts may be a useful adjunct to achieving overall daily activity requirements, 

they are unlikely to impact health outcomes in isolation, partly because associated energy 

expenditure is relatively small [88]. No included review summarized effect on 

anthropometric measures. Reviews included 50 papers covering 60 studies, predominantly 

of interrupted time series design.     

 

Three of 5 reviews assessed study quality. Concerns regarding study quality included: 

inadequate follow up to assess whether behaviour change was maintained, the number of 

floors of stairs climbed was not objectively measured, total stair use rather than stair 

climbing (which expends twice as much energy as stair descent) was measured and stair use 

was measured at aggregate population- rather than individual-level.  

F. Physical and economic measures: 

Seven reviews summarised active travel, incorporating 67 primary studies. A maximum of 

42% of primary studies included in reviews were common across two or more of these 

reviews. 
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F1. Active travel - Increasing walking and cycling as a means of transport: 

Seven reviews [65, 80, 89-93] examined active travel interventions which aimed to 

encourage walking or cycling. Interventions evaluated included: upgrading cycle route 

networks and walking trails, providing walking/cycling maps and other educational and 

promotional materials, subsidized non-car transport (e.g. free bus passes), disincentives for 

car transport (e.g. tolls) and a variety of planning initiatives such as pedestrianising city 

centres, traffic calming zones and opening a new rail station.   Three of the four reviews 

rated as good quality [65, 80, 89, 92] found increased walking or cycling as a means of travel 

in the majority of included studies and the other good quality review found the most 

promising interventions to be tailored marketing interventions targeted at households most 

likely to change behaviour [92] . In most cases, tailored marketing interventions were a 

branded package of marketing materials, information (e.g. bus routes and timetables) and 

incentives (e.g. free bus tickets) to households interested in changing travel behaviour. 

There was limited evidence that increase in walking or cycling as a mode of transport 

increased total physical activity or reduced BMI. Both reviews that considered change in 

total physical activity reported mixed results [65, 92], but the small number of studies 

reporting these outcomes precludes any firm conclusion. Findings of reviews not assessed 

as good quality were consistent with the conclusions outlined above.  

 

Three primary studies reporting weight-related outcomes were included in reviews: two 

European studies of active commuting found no significant effect on BMI [94, 95], one US 

pre-post study of a new light rail system found light rail users had 1.18kg/m2 lower BMI 

(p<0.05) and 81% reduced odds of becoming obese (p<0.05) compared to non-rail users 
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[96]. No review reported impact on prevalence of T2DM. 67 studies were included in 

reviews, including a significant proportion of grey literature.  

 

Five reviews assessed quality of included papers. Concerns included inconsistencies in the 

definition of active travel depending on what is considered ‘normal’ in different settings, use 

of self-reported activity tools of unknown validity and reliability, weakness in or absence of 

statistical analysis, failure to control for baseline differences, short study periods (typically 

less than 12 months) and uncertainty over whether increases in active travel occur in those 

who are sedentary (where public health benefits may be substantial) or in those who are 

already moderately active (where public health benefits would be less).  

 

5.3.5. Interventions to increase energy expenditure and decrease energy consumption 

Table 5.4 summarises the combined findings of included reviews. 

 

G. Combined socio-cultural, policy, economic and physical measures: 

G1. Multi-component community-based interventions: 

Nine reviews evaluated evidence regarding multi-component community-based or ‘whole of 

community’ interventions [71, 80, 82, 89, 97-101], incorporating 83 primary studies. A 

maximum of 36% of primary studies included in reviews were common across two or more 

reviews. 
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Multi-component community-based interventions combine multiple elements to encourage 

healthy diet and increased physical activity across the entire population living within a 

geographically defined area, such as a city, village or region. Intervention components work 

at the personal, interpersonal and community level and include: communications (e.g. 

media campaigns), social support (e.g. self-help groups), risk factor screening, counselling 

and education about nutrition and physical activity in worksites, schools and at community 

events as well as changes to the built environment (e.g. cycle lanes) and local policy (e.g. 

reduced prices on healthy foods, restaurant and menu labelling). Of the 9 reviews, 3 

evaluated outcomes solely in terms of increases in physical activity [71, 82, 97], 1 in terms of 

increasing walking [89] and the remaining 5 weight-related measures. One review 

incorporated a meta-analysis [100] but noted a high degree of heterogeneity between 

studies, two undertook quantitative synthesis [71, 97] and the remainder were narrative 

syntheses. Reviews incorporated 83 primary studies, many with multiple publications, 

including 34 with pre-post design and comparison group, 24 cluster RCTs, 8 repeat cross-

sectional studies and the remainder employing a variety of study designs.  

 

Multi-component community interventions appear to be promising in reducing BMI within 

participating communities in a wide variety of countries, although their effect on physical 

activity and prevalence of overweight and obesity is uncertain. Of the 4 good quality reviews 

that reported effect on physical activity, the three most recent reviews did not find a 

positive effect in most included studies [80, 89, 97]  and one review [71] which included 

papers up to the year 2000 found a median net increase in the percentage of people being 

active of 4.2% (range, -2.9% to 9.4%). Five good quality reviews [71, 80, 98, 100, 101] which 
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reported impact on BMI or weight found positive findings in most included studies. Two 

good quality reviews reported no change in the prevalence of overweight/obesity [80, 98, 

101], but included only a small number of studies.  

 

Three included reviews were not rated as good quality. Two of these drew similar 

conclusions[82, 98] to those outlined above. And the third review found limited evidence of 

effect on physical activity, BMI or prevalence of overweight and obesity [99] but included 

only a small number of studies. No review reported change in incidence of T2DM. 

 

Meta-analysis of three primary studies in adults [102-104] and 7 in children or adolescents 

[105-111] found a mean change in BMI of -0.40 (95%CI: -0.58;-0.22; I2=45%) in adults and 

mean change in BMIz of -0.08 (95%CI: -0.14;-0.02) with substantial heterogeneity between 

studies (I2=91%) in children or adolescents(Figure 5.4).  

 

Seven reviews assessed the quality of included studies. The four reviews that used Cochrane 

risk of bias tools reported between 42 and 58% of included studies to be at high risk of bias 

due to failure to randomise allocation of communities, high rates of attrition and poor 

quality of outcome measures. Reviews that used other quality assessment tools found 

between 40-80% of studies to be of moderate quality.  
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Figure 5.4a: Multi-component community interventions – children and adolescents (mean difference in BMIz-score)  

 

 

Figure 5.4a: Multi-component community interventions – adults (mean difference in BMI) 
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Table 5. 4. Interventions to increase energy expenditure and reduce calorie intake: 

summary of review findings  

  Proximal indicators Inter-mediate 
indicators 

Distal effects 

Category Intervention Increased activity 
related to 
intervention or 
change in 
purchase/consump
tion of 
healthy/unhealthy 
food 

Total physical 
activity or 
total calories 
consumed 

BMI or 
body 
weight 

Prevalence 
of obesity 
or 
overweight 

Incidence of 
T2DM 

SO
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IO
-
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U

LT
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R
A

L,
 

P
O

LI
C

Y
, 

EC
O

N
O

M
IC

 
&

 P
H

Y
SI

C
A

L 
M

EA
SU

R
ES

 Multi-
component 
community-
based 
interventions 

NR Insufficient 
evidence   

Positive 
effect on 
BMI 

Insufficient 
evidence 
 

NR 

 

 

5.4. DISCUSSION 

5.4.1. Principal findings 

This review has four principal findings. Firstly, in terms of proximal indicators of behaviour 

change: increased price of SSBs and fast food, decreased price of fruit and vegetables, food 

labelling, food store interventions and menu labelling (in some contexts) were associated 

with positive effects (increased purchase or consumption of healthy foods or decreased 

purchase or consumption of unhealthy foods). Park and playground renovations, point-of-

choice prompts to increase stair use and active travel interventions were associated with 

increased park use or stair use or increased walking or cycling respectively. Secondly, in 

terms of intermediate indicators of change in energy balance: there was a lack of evidence 

of effect on total calories consumed or total physical activity. Thirdly, in terms of impact on 

distal health markers: increasing price of SSBs, menu labelling, food store interventions and 

multi-component community interventions appeared to have positive effects on reduction 

in BMI or weight loss. However, effect on BMI appeared insufficient to translate into an 
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impact on prevalence of obesity or overweight at a population-level. Reductions in BMI 

(0.04 to 0.4 kg/m2) achieved through population-level interventions were, for many 

interventions, an order of magnitude less than those achieved in individual case-based 

diabetes prevention programmes (0.6kg/m2 for the average English person [112]). Fourthly, 

no review reported on the impact of these interventions on incident cases of T2DM. These 

findings are consistent with previous overviews which found point-of-choice prompts to be 

effective in increasing stair use [113], reducing food prices to be effective at increasing 

consumption [114] and interventions aimed at improving diet alone or diet together with 

physical activity (e.g. in multi-component interventions) to be more effective in terms of 

weight-related outcomes than interventions focusing solely on physical activity [115]. 

 

The nature of most primary studies (largely natural experiments or cross-sectional studies of 

national data) along with small samples in experimental studies and short follow-up periods 

means that many were categorised by reviewers as poor or moderate methodological 

quality and as having high risk of bias. The ability of such studies to assess long-term 

outcomes such as incidence of T2DM is low, therefore the absence of evidence should not 

be interpreted as ‘evidence of absence’. Most studies included in reviews were studies of 

effectiveness (impact of intervention in usual or field conditions), not of efficacy (impact of 

interventions in ideal conditions), with relatively low internal validity but relatively high 

external validity. It is noteworthy that the vast majority of papers in included reviews were 

from the US or other high-income countries, so findings of this overview may not apply to 

middle- or low-income countries.  
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Overweight, obesity and T2DM are all patterned by socio-economic status. Reviews included 

in this study found that where effects of point-of-choice prompts, menu labelling and multi-

component interventions were reported by demographic or socio-economic subgroup, no 

consistent difference in effects was found. Conversely, increasing SSB or fast food prices is 

regressive (a disproportionate burden is borne by individuals with lower income), but as 

elasticities are higher in lower socio-economic groups, the potential for health gain in these 

groups is also higher. Therefore, the long-term health benefits to those in lower socio-

economic groups may well outweigh the short-term regressive effects of the tax. 

 

5.4.2. Updated search following publication of systematic review 

In an updated search of Medline (in February 2019), 27 additional titles were identified 

using the search strategy identified in Appendix 5.2. An updated search of the Cochrane 

Systematic Review database identified one new systematic review. Of these new reviews, 

two met my inclusion criteria [116, 117]. These reviews comprised a systematic review of 

multi-component community interventions (a narrative review of ecological approaches to 

obesity interventions in Hispanic/Latino youth [116]) and a systematic review of nutritional 

labelling for food and non‐alcoholic drinks on purchasing and consumption [117]. They 

reached similar conclusions to those outlined in the rest of this chapter.  

 

The review of multi-component community interventions in Hispanic children and 

adolescents found a reduction in BMz score in three of five included studies, but noted that 

these interventions were less efficacious than targeted interventions provided in primary 



 

146 
 

care [116].  The systematic review of nutritional labelling [117] found a statistically 

significant reduction in calories purchased in a meta-analysis of three included RCTs of 

menu-labelling in restaurants (mean difference: −46.72 kcal, 95% CI: −78.35, −15.10), but 

the quality of these studies was rated as low. The findings of this meta-analysis are 

supported by the only two included studies at low risk of bias in this review (which were not 

included in the meta-analysis). The same review examined the effect of menu labelling in 

laboratory settings as well as the effect of menu labelling on calories consumed, neither of 

which was associated with a statistically significant reduction in kilocalories purchased or 

consumed. These findings are consistent with those summarised earlier in this Chapter.    

 

5.4.3. Implications for policy makers 

Most primary studies covered in these reviews found small positive associations between 

population-level interventions and proximal (and sometimes intermediate) outcomes, and 

in some cases small positive associations with distal individual-level outcomes (e.g. BMI) but 

not distal population-level outcomes (e.g. prevalence of overweight or obesity). Whilst 

individual case-based interventions may have larger effects on BMI for participating 

individuals [112], they are only available to a small portion of the population – those who 

are identified as eligible, who agree to participate, and for whom such interventions are 

practically and financially feasible. Conversely, population-wide interventions may shift the 

distribution curve of the whole population, which, even when changes are small, can lead to 

important population level health benefits [118]. In addition, obesity and its sequelae are 

now recognized to be the products of multiple factors operating at multiple levels in a 

complex adaptive system [7].  The ‘complex system’ view of obesity and diabetes prevention 
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rejects the notion that single interventions can meaningfully be considered in isolation, and 

proposes that their impacts should be measured in the context of the wider system taking 

account of adaptations in the system that are likely to attenuate the impact of any 

intervention. Multiple small changes – in menu labelling, food and drink prices, grocery 

stores – may combine and reinforce one another (or, in some cases, work against each 

other) to generate both immediate and longer-term impacts (some of which will be 

measured and some not). The finding that so many macro-level interventions appear to 

have some effect suggests that there are good reasons for implementing and evaluating 

those considered acceptable and affordable.  

 

5.4.4. Strengths and limitations 

The review draws together and extends previous secondary research on population-wide 

obesity or T2DM prevention programmes, many of which were less comprehensive (e.g. 

addressing primarily case-based programmes [113-115, 119], rural communities [120], 

specific countries [121] or only  studies reporting effects by socio-economic position [122]). 

Additionally, it is the first review of its type to summarise the effect on anthropometric 

measures reported in primary studies included in reviews.  

 

Limitations include the predominance of research from high-income countries which 

precludes conclusions about other settings. Additionally, despite the broad scope of this 

review, it is possible that relevant reviews were missed. Limitations of methods used to 

summarise findings include: i) differences in the degree to which the same primary studies 

are included within reviews of the same topic which in turn affects the degree to which 
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reviews reach similar conclusions and ii) small numbers of included studies with the meta-

analyses and substantial heterogeneity in both the intervention and context in which it was 

introduced.  Finally, a review is only as reliable as the primary studies on which it is based, 

and methodological quality of many included studies was rated by review authors as 

medium or poor. 

 

There is another potential limitation to this review – at a more philosophical level. The 

numerous quality scores and frameworks used by authors of those reviews to assess 

primary studies were all built on the assumption that ‘quality’ is defined primarily in terms 

of internal validity and minimization of bias. ‘Poor quality’ primary studies, as assessed by 

the included reviews in my sample, were characterized by features that included lack of a 

control population and failure to blind participants and assessors.  These, and similar 

criteria, work well when the goal is to undertake a controlled experiment, but are arguably 

questionable when the goal is to gain insights about multiple interventions introduced in a 

complex adaptive system. This point is expanded on in the final chapter of this thesis. 

 

5.5. CHAPTER SUMMARY AND CONCLUSIONS  

A wide variety of population-level interventions increase healthy food choices and influence 

physical activity, with a small group of interventions (changes in SSB and fruit and vegetable 

prices, menu labelling, grocery store interventions and multi-component community 

interventions) appearing to contribute to reductions in BMI. Whilst the absolute effect of 

these interventions is small, their sphere of action – the whole population – is large. Taken 
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together, these interventions provide important components of a system-level response to 

the complex systems problem of obesity, in which the focus should be on both changing the 

environments in which we live, and changing the ways in which we respond to those 

environments. 

 

Chapter 6 examines the potential effect of these promising population-wide actions on 

cumulative incidence of T2DM and T2DM-related costs on an English population. It also 

considers the implications of these findings for diabetes prevention policy. 
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6. POPULATION-WIDE APPROACHES TO PREVENTING T2DM – ECONOMIC EVALUATION OF 

ALTERNATIVE POLICIES  

 

6.1. BACKGROUND, AIMS AND OBJECTIVES 

Population-wide programmes aim to control upstream causes of increased incidence and 

prevalence, such as environmental, social or economic factors. They aim to shift the entire 

population’s exposure to these upstream causes of disease. They may be conceptualized as 

preventing T2DM directly or reducing factors that increase a person’s risk of developing the 

disease. BMI, waist circumference and hypertension are the most consistently measured 

modifiable risk factors associated with incidence of T2DM [13, 14], with reduction in BMI the 

factor most frequently reported as causally related to T2DM incidence [15]. 

 

Chapter 5 summarised the findings of an overview of systematic reviews which identified a 

suite of population-wide interventions that appear to have a positive effect on BMI, but 

none where an effect on T2DM is reported. This chapter summarises the findings of an 

economic evaluation of these promising population-wide interventions, using a simulation 

model to analyse their effect on incidence of T2DM, QALYs and T2DM-related healthcare 

costs in England.  
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The aims of this economic evaluation were to describe the impact on an English population 

of the four population-wide interventions associated with reduction in BMI (described in 

Chapter 5), relative to no intervention:  

i) sugar sweetened beverage (SSB) tax 

ii) menu labelling 

iii) grocery store interventions 

iv) multi-component community interventions (MCIs)  

 

Outcomes include incremental healthcare costs incurred, incremental QALYs gained and 

cumulative incidence of T2DM. The full health system and societal cost of each intervention 

could not be estimated within the scope of this DPhil, as they encompass a wide variety of 

direct and indirect costs (e.g. cost of intervention, reduction in taxes receipts due to 

reduced sales of unhealthy food or additional costs associated with improving grocery store 

layout). Cost-effectiveness ratios are therefore not reported; in the absence of detailed 

description of the various costs associated with each intervention, any ICER would be only 

partial.  

 

Previously published economic evaluations have analysed a suite of obesity prevention 

programmes [17, 18]. To my knowledge, this is the first to model the impact of menu 

labelling and food store interventions, and draws on up-to-date pooled results from primary 

studies, described in the previous chapter, to determine effect size.  
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6.2. METHODS 

I used a pre-existing microsimulation model developed by the UK Health Forum for this 

analysis. This is a multi-disease, multi-risk factor simulation model, initially developed as 

part of the UK Government’s Foresight Report into tackling obesity [19]. The model is used 

to simulate a virtual population and analyse the incidence of obesity-related diseases, QALYs 

and direct healthcare costs associated with these diseases. The BMI risk-factor module was 

used. This module incorporates different relative risks of developing obesity-related 

diseases for different ranges of BMI, enabling analysis of the effect of BMI-reducing 

interventions.  

 

I used the BMI risk-factor module to analyse the effect of interventions on: i) incidence of 

T2DM, ii) direct healthcare costs of T2DM and iii) quality-adjusted life-years (QALYs) 

associated with T2DM, coronary heart disease, hypertension and stroke. A healthcare 

perspective was adopted for the analysis, the price year was 2015 and the costs were 

reported in Great British Pound Sterling (£). QALYs were drawn from publications which 

calculated utility vales using EQ5D-3L. I adopted a 50-year horizon, with annual cycles. Costs 

and utilities were discounted by an annual discount rate of 3.5% per year, which is the rate 

recommended by NICE[20]. 

 

Abbygail Jaccard (AJ), the Deputy Director of Modelling at the UK Health Forum, and I 

undertook this analysis together. I undertook training provided by the UK Health Forum, 

enabling me to set up the model for the analysis we wished to undertake, import the 
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necessary baseline population data files, identify which interventions to model and their 

associated parameter values, create interventions to be analysed where a pre-existing 

intervention profile could be used (e.g. SSB tax, food store interventions and MCI) and 

analyse and write up model results. Together, AJ and I: reviewed key parameter values 

currently used in the model (and I suggested updated data sources for a handful of 

parameters) and reviewed results from a preliminary run of the model to identify any 

erroneous results. AJ wrote the code for a new profile of intervention which was required 

for menu labelling and sent me the model outputs once the simulations were complete. 

 

6.2.1. Model structure and parameter values  

In the start year of the simulation (2015), the distribution of the English population in terms 

of age, sex, and BMI was used as the starting population (Table 6.1). The health experience 

of one individual at a time from the start year, 2015, until the final year, 2065, is simulated, 

with the expected value resulting from 20 million individual simulations reported in this 

chapter. For each simulation, an individual is randomly selected from the starting 

population and initialised with a BMI and a set of diseases based on incidence and 

prevalence estimates. Each year an individual’s BMI is updated based on: i) change in BMI in 

the baseline population (estimated through categorical nonlinear multivariate regression 

analysis of BMI data reported in the Health Survey for England between 2004 and 2014) and 

ii) changes in BMI specific to the intervention being modelled.  

 

In addition, each year an individual can develop one or more of the following diseases: 

T2DM, stroke, coronary heart disease and hypertension; or die. Incidence of each disease is 

modified by relative risks associated with BMI, drawn from the World Obesity Federation’s 
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DYNAMO study [21]. Individuals with hypertension or T2DM can develop coronary heart 

disease or stroke, individuals with coronary heart disease may also develop hypertension or 

T2DM and individuals with stroke do not develop other clinical conditions. Each year an 

individual has the chance of acquiring a new disease, dying from an existing disease or from 

other causes. Costs and QALYs are derived from an individual’s disease status.  

 

During each annual cycle, transitions between current health states (e.g. T2DM) and new 

health states (e.g. stroke, coronary heart disease) are determined by generating a random 

number between zero and one for each potential new health state. If the random number is 

less than or equal to the transition probability for progression to the new health state, the 

transition to this new health state occurs and is irreversible. If the random number is greater 

than the transition probability of the new health state, no change to health state occurs. 

This process is repeated annually for each individual for 50 years.  

 

Parameter values for disease states were not shared by the UK Health Forum due to 

concerns regarding intellectual property.   
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Figure 6.1. Model structure 
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Table 6.1. Parameter values of baseline population 

 

Parameter Source Year 

Population distribution by age and 
sex 

Office for National Statistics[22] 2015 

Total fertility rate Office for National Statistics[23] 2015 

Birth rates by mothers age Office for National Statistics[24] 2015 
Mortality rates by age and sex Office for National Statistics[22] 2015 

BMI distributions by age and sex Health Survey for England[25] 2004-2014 
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6.2.2. Interventions  

Four interventions were evaluated against a base case of no intervention (Table 6.2), 

including:  

• Sugar sweetened beverage (SSB) tax: a 20% tax charged on the price of soft drinks 

(both concentrated and not concentrated, not low calorie) in England. Shortly before 

this analysis was undertaken the UK government announced a sugar sweetened 

beverage tax would be introduced in April 2018 [38]. The levy will be imposed on 

industries importing or manufacturing SSBs based on two tiers of sugar content. 

Drinks with ≥8 g of sugar per 100 mL are charged £0.24 per litre and those with ≥5 g 

but <8 g per 100 mL are charged £0.18 per litre. Alcoholic drinks, milk-based drinks 

and pure fruit juices are exempt irrespective of sugar content. As the effects of this 

policy are still to be evaluated, the intervention modelled in this chapter is a 

hypothetical tax.  

• Menu labelling: mandatory calorie posting on menus in chain restaurants with more 

than 15 stores nationwide, based on New York City’s menu labelling legislation [38]. 

• Grocery-store interventions: a range of initiatives to encourage selection of healthy 

food, including: i) improving affordability (e.g. discounts or coupons), ii) increasing 

access or availability (e.g. increased shelf space, more prominent placement, 

improved refrigeration) or iii) information and advertising (e.g. leaflets, supermarket 

tours, food demonstrations, shelf labelling). 

• Multi-component community interventions (MCI): which combine multiple elements 

to encourage healthy diet and increased physical activity across the entire 

population living within a geographically defined area, such as a city, village or 
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region. Intervention components may include: communications (e.g. media 

campaigns), social support (e.g. self-help groups), risk factor screening, counselling 

and education about nutrition and physical activity in worksites, schools and at 

community events as well as changes to the built environment (e.g. cycle lanes) and 

local policy (e.g. reduced prices on healthy foods). 

  

 

Table 6.2. Interventions – parameter values 

Intervention Description Impact on BMI % of 
population 
affected 

Proportion of intervention 
effect modelled each year 

SSB tax 20% tax on soft drinks 
with added sugar 

-0.07  
(95%CI: -0.05, -
0.09) [40] 

100% Over 10 years: 
90% in first year 
5% in second year 
5% in 3rd -10th year 
(assumption) 

Menu 
labelling 

Interpretive nutrition 
labelling on menus in 
chain restaurants 

-0.25 
(95%CI: -0.40, -
0.10) 
[Meta-analysis in 
Chapter 5] 

50% 100% within 1 year [41] 

Grocery store 
interventions 

Improvements in 
information, 
accessibility and 
affordability of 
healthy food in food 
stores 

-1.13 
(95%CI: -1.70, -
0.56) 
[Meta-analysis in 
Chapter 5] 

10% 100% in the second year 
(assumption) 

Multi-
component 
community 
intervention 

Intervention with 
multiple components 
focused on 
population living in a 
geographically 
defined region 

-0.40 
(95%CI: -0.58, -
0.22) 
[Meta-analysis in 
Chapter 5] 

50% 100% in the second year 
(assumption) 
 

 

Intervention effect: I assumed interventions only affected adults. This was because 

parameter values for intervention effect of menu labelling and food store interventions 

were based on studies which only reported results for adults. Parameter values for menu 



 

159 
 

labelling, food store interventions and MCIs’ impact on BMI were drawn from pooled 

findings of empirical studies from the overview of systematic reviews outlined in Chapter 5. 

Where UK-based estimates from a single study were available (for SSB tax) they were used, 

as patterns of consumption differ between countries [40].  

 

Substantially different types of evidence inform these parameter values. Differences in BMI 

associated with SSB tax are based on a modelling study [40], which uses empirical data on 

price elasticity of demand derived from cross-sectional studies of panel data to identify 

changes in consumption in the UK, with the effect on BMI subsequently calculated from 

these changes in consumption. Impact of menu labelling on BMI is based on two evaluations 

of New York State’s menu labelling legislation which was implemented in different counties 

at different times over a number of years. Both evaluations used econometric analyses of 

cross-sectional panel data [41, 42]. BMI change associated with grocery store interventions 

[43-45] and MCIs [46, 47] were based on a meta-analysis of studies with pre-post design 

with comparators. Substantial heterogeneity was observed when pooling study results 

(I2=65% for grocery store interventions) potentially due to substantial differences in 

intervention components in included studies.  

 

Regain in BMI could not be estimated as studies used for deriving intervention effect either 

used cross-sectional data (e.g. SSB tax, menu labelling) or had short follow-up periods (e.g. 

food store interventions). Primary studies used to derive intervention effect for MCI had 

long follow-up periods (5 to 8.5 years), therefore the intervention effect likely includes some 
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element of weight regain. The results reported in this chapter assume no weight regain, 

which may overstate the effect of food store interventions.  

 

Proportion of population affected: I estimated the proportion of the population affected by 

each intervention, based on the nature of the intervention and the type of study from which 

intervention effect was derived. I assumed taxes and menu labelling affect 100% of the 

population as these policies are usually enacted at a regional or national level and studies of 

intervention effect are based on national or state-wide data sets. Multi-component 

community interventions were assumed to affect 50% of the population because they 

require local implementation, but studies of intervention effect draw on region-wide data to 

derive intervention effect. Grocery store interventions were assumed to affect 10% of the 

population because they require local implementation and studies of intervention effect 

draw on study participants only. The estimates of population sizes affected are uncertain, 

but there is no primary data to validate these assumptions, to my knowledge.  

 

6.2.3. Outcome measures 

Results from the simulation are reported per population of 100,000 in England. To aid 

interpretation, I performed secondary analysis in Excel to report results at two additional 

levels: 1) impact per individual in the English population, 2) impact across all adults in 

England. Outcome measures at an individual level include direct healthcare costs of T2DM 

and QALYs. Outcomes measures per population of 100,000 in England and across the English 

adult population include cumulative incidence of T2DM, direct healthcare costs of T2DM 
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and QALYs. Reported results are the expected value following 20 million individual 

simulations. 

 

The UK Health Forum will not disclose both base case and post-intervention outcomes for 

each intervention because of intellectual property concerns. Therefore, only changes in 

incidence of T2DM and QALYs are reported. This limited my ability to assess the face validity 

of reported outcomes in the base case.   

 

6.2.4. Sensitivity analyses  

No sensitivity analysis was undertaken. The UK Health Forum model is unable to perform 

probabilistic sensitivity analysis. No deterministic sensitivity analysis was undertaken 

because the staff member at the UK Health Forum with whom I was working left the 

organisation and the remaining team was unable to re-run the model with a range of 

alternative parameter values.  

 

6.2.5. Validation  

I validated the model in accordance with the AdVISHE checklist [51]. Two experts (Prof 

Susan Jebb from the University of Oxford and Prof Jonathan Valabhji, the National Clinical 

Director for Obesity and Diabetes at NHS England) tested the face validity of the model 

structure, inputs and outputs and their suggestions were incorporated in either the final 
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model or the description of strengths and limitations. Audit of traces was undertaken by 

Abbygail Jaccard (AJ) and myself. Cross-validity testing of the UKHF model has been 

undertaken previously [52].  

6.3. RESULTS 

Results of the simulation are outlined in Table 6.3.  

All interventions reduced cumulative incidence of T2DM, increased QALYs and reduced 

T2DM-related costs relative to no intervention. 

 

6.3.1. Individual-level outcomes 

Effect on T2DM-related costs per adult in England: Cumulative direct healthcare costs of 

T2DM are reduced on average per individual by £34, £60, £24 and £73 for SSB tax, menu 

labelling, food store interventions and MCI at 50 years.  

 

Effect on QALYs per adult in England: Cumulative incremental QALYs gained per adult in 

England due to reduced incidence of T2DM, coronary heart disease, hypertension and 

stroke were small for population-wide interventions, ranging from 0.004 to 0.014 at 50 

years.  
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6.3.2. Population-level outcomes 

Effect on cumulative incidence of T2DM: All interventions reduce cumulative incidence of 

T2DM. At 50 years, reduction in incident cases of T2DM ranges from 44,528 to 134,778. 

Given prevalence of T2DM (diagnosed and undiagnosed) in England was 4.05 million in 2016 

[53]. These represent small changes in the number of prevalent cases per annum (between 

1.1 and 3.3% of all cases of T2DM at 50 years). 

 

Effect on costs relative to no intervention: SSB tax, menu labelling, food store interventions 

and MCIs reduce cumulative direct T2DM-related healthcare costs by £1.35bn, £2.39bn, 

£0.96bn and £2.91bn respectively over 50years. Given direct costs of T2DM related care 

were estimated as £8.8 billion p.a. in 2010/11 [54], cost savings of population-wide 

interventions over 50 years are small (<0.1% T2DM-related healthcare costs over 50 years). 

 

Effect on QALYs relative to no intervention: Because of the size of the population affected by 

population-wide programmes, QALYs gained were substantial, ranging from 176,722 to 

544,678 over 50 years. 

 

This analysis focuses on England and I did not formally evaluate costs and effects in other 

countries. Effect sizes in this model are drawn from international studies, but conclusions 

regarding gains in QALYs and reduction in incidence of T2DM will only be generalizable if 
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distributions of overweight and obesity are similar between the comparator population and 

the English population. 
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 Table 6.3. Impact of population-wide programmes at 50 years 

  

  

1. SSB tax 2. Menu labelling 4. Food store 
interventions 

5. Multi-component 
community 
interventions (MCIs) 

  

  

Mean Standard 
error 

Mean Standard 
error 

Mean Standard 
error 

Mean Standard 
error 
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Reduction in cumulative incident cases of T2DM - 
per population of 100,000 
(number) 

147 27 263 30 112 27 339 29 

Cumulative incremental direct costs of T2DM -
per population of 100,000  
(£, million) 

-     3.40  1.06 - 6.00          1.06 -     2.42  1.06 -      7.33  0.11 

Cumulative incremental QALYs - per population 
of 100,000 
(QALYs) 

639.5  -  1139  -  444.5  -  1370  -  

P
o

p
u
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o
n
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e
l 

o
u
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o

m
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Reduction in cumulative incident cases of T2DM 
– adults in England  
(number) 

58,444  -  104,562  -  44,528   134,778    

Cumulative incremental direct costs of T2DM -
adults in England  
(£, million) 

-£1,352 -   -£2,386  -  -£964   -£2,914   

Cumulative incremental QALYs- adults in England 
(QALYs) 

  254,249  -          452,838  -    176,722       544,678    
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d

iv
id

u
al

-l
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e
l 

o
u
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o

m
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Incremental costs of T2DM (vs. no intervention) 
per individual 
(£) 

-£34.00  -  -£60.01         - -£24.24  - -£73.30  - 

Incremental QALYs (vs. no intervention) per 
individual 
(QALY) 

0.00640 - 0.01139 - 0.00445 - 0.0137 - 
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6.3.3. Consideration of intervention cost 

The direct costs of implementing population-wide interventions may not be borne by the 

health system (e.g. with a SSB tax) and there are indirect costs that would not be identified 

through analysis from a health system perspective (e.g. costs to industry leading to a 

reduction in profitability and a reduction in tax receipts or employment). Within the 

timescale of this DPhil, it was not possible to identify all the direct and indirect costs 

associated with the four interventions examined in this chapter. Therefore, only the effect 

on T2DM-related costs is reported, rather than the net effect on costs having deducted the 

total cost of each intervention. Similarly, no cost-effectiveness analysis is undertaken as 

incremental costs have not been calculated. However, a high-level examination of costs 

associated with these interventions is summarised in the following paragraphs. 

 

SSB taxes could be associated with the direct cost of administering the tax [48], and the 

indirect costs of reduced employment and tax receipts from the beverages sector. Where 

SSB taxes have been implemented (e.g. individual states in the US), the revenue collected 

exceeds the cost of implementation [48]. And when the UK’s SSB tax was announced in 

2016, Her Majesty’s Treasury calculated that it would generate £520m in additional revenue 

which would be spent on increasing school sports [38]. This suggests that SSB taxes may be 

cost-saving. 

 

Where menu labelling has been mandated in the US the costs largely fall on the food service 

sector [49]. When the Food and Drug Administration in the US introduced menu labelling 
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legislation, they estimated that the average cost of labelling per restaurant chain would be 

$45,720 with 1,640 restaurant chains affected, leading to an estimated national cost of 

almost $75 million. A rough extrapolation to England, based on respective population sizes 

and conversion to 2015 GBP [55], would indicate a cost of £9m for the food sector each time 

menu items are labelled. Assuming menu items are labelled twice a year, over 50 years the 

discounted cost of menu labelling could be approximately £422 million. Given an estimated 

£2.4 billion is saved in T2DM-related healthcare costs, this programme may be cost saving 

overall.  

 

The direct costs of multi-component community interventions (MCIs) will differ depending 

on the core components of the intervention, and may incur indirect costs for local 

businesses due to reduced sales of unhealthy food and beverages. Of the studies of MCIs 

included in the meta-analysis of intervention effect in Chapter 5, only one has published a 

costing study to estimate the direct cost of the intervention. [50]. This is a Dutch study that 

cost € 900,000 for a population of 180,000 over 5 years between 1999 and 2003. 

Extrapolating this cost to 2015 GBP [55] and applying it to the 50% of the English population 

assumed to be affected by MCIs in the calculations above, would lead to a cost of £135.75 

million over 5 years. The MCI modelled in this chapter would reduce T2DM-related costs by 

£86m over 5-years and £2.9 billion over 50 years, suggesting that MCIs may not be cost-

saving in the short-term but may be over a longer timeframe. 

 

No costing study of grocery store interventions could be identified, therefore I could not 

estimate the likely cost of this intervention.  
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6.4. DISCUSSION 

6.4.1. Principal findings  

This analysis has produced three major findings. Firstly, SSB tax, menu labelling, food store 

interventions and MCIs all have potential to reduce incidence of T2DM, but the effect of 

individual interventions is small (reduction of 1.1-2.6% of prevalent cases over 50 years). 

Secondly, SSB tax, menu labelling, food store interventions and MCIs reduce T2DM-related 

costs, but the effect on annual direct healthcare costs of T2DM over 50 years is small (<0.1% 

of direct healthcare costs of T2DM). Thirdly, all interventions modelled lead to substantial 

increases in QALYs at a population level, but QALYs gained at an individual level are small 

(<0.014 QALYs gained over 50 years). Finally, absence of data on all elements of intervention 

costs limits the ability to report net effect on health system and societal costs or cost-

effectiveness ratios.  

 

I am aware of only one other published economic evaluation of population-wide 

programmes’ effect on T2DM-related costs and outcomes published by the School of Health 

and Related Research, University of Sheffield [17]. This study found SSB tax reduced T2DM-

related costs and increased QALYs. However, the reduction in healthcare costs (£4.80 per 

individual vs £34 in this analysis) and QALYs gained (0.0003 QALYs gained per individual 

versus 0.006 in this analysis) following introduction of an SSB tax were significantly lower in 

the Sheffield model. This is potentially due to three main differences between the Sheffield 

analysis and my analysis. In terms of model structure, risk of T2DM in the Sheffield model is 

based on both HbA1c and BMI values whereas in the UKHF model it is based solely on BMI. 
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In terms of baseline cohorts, Breeze used the Whitehall cohort and did not model changes 

in BMI in the baseline population as was the case in this analysis. This could lead to lower 

estimates of transition to T2DM as the baseline population will not be ‘gaining weight’ each 

year as they do in this analysis.  Finally, Breeze’s model stratified intervention effect 

according to age group whereas this analysis did not. I utilised an average intervention 

effect in this model, but as SSB tax has the greatest effect on children, which were excluded 

from the model used in this analysis, this intervention effect may well be over-stated 

leading to over-estimation of the impact of SSB tax on T2DM-related costs and outcomes.  

 

6.4.2. Strengths and limitations 

This analysis adds to previous economic evaluations by linking the effect of obesity 

prevention programmes with a well-established simulation model to quantify their long 

term impact on T2DM incidence, T2DM-related healthcare costs and QALYs at individual- 

and population-levels, including: i) estimating the impact of menu labelling and food store 

interventions on T2DM incidence, T2DM-related costs and QALYs for the first time, ii) using 

up-to-date information from a comprehensive overview of systematic reviews to determine 

effect sizes, iii) extrapolating findings to determine the impact of adoption of 

policies/programmes at a national level in England.  

The approach to evidence used to inform parameter values in this analysis is in line with 

NICE’s methods to inform public health guidance [56], which notes that a randomised 

controlled trial may not be available or appropriate to evaluate complex, multi-agency, 

large-scale interventions and recommends the use of observational studies to determine 

the effectiveness of interventions in real life. 
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This analysis has four principal limitations: limited consideration of costs, uncertainty 

regarding duration of intervention effect and size of effected population, inability to 

perform sensitivity analysis and lack of transparency regarding model structure and 

function. Firstly, the full health system and societal cost of each intervention could not be 

estimated within this analysis, as they encompass a wide variety of direct and indirect costs, 

therefore reduction in T2DM-related costs is not net of the intervention cost, which may 

overstate the cost savings at the level of the overall economy. Additionally, costs avoided by 

reducing incidence of other obesity-related diseases (e.g. cardiovascular disease, stroke, 

hypertension, obesity-related cancers, musculoskeletal conditions) are not included in this 

analysis, therefore impact on reducing healthcare costs may be under-stated. Secondly, data 

on effect size was based on cross-sectional data or longitudinal data with follow up of short 

duration (with the exception of intervention effect in MCIs). This could over-state the 

intervention effect as the full weight regain following the intervention may not have 

occurred. Additionally, the size of the population affected in menu labelling, food store 

interventions and MCIs is based on an assumption, no primary data is available to inform 

these parameter values. Thirdly, neither deterministic or probabilistic sensitivity analysis 

could be performed which means that the uncertainty in results reported in this chapter is 

understated. Finally, the UK Health Forum simulation model remains a ‘black box’. Key 

equations and parameter values are not published and insufficient data is provided in 

reported results to allow external validation.  

 

This concern was discussed at length with my internal examiners during my Confirmation of 

Status viva. We considered whether updating the Markov module used in Chapter 4 with a 
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‘BMI module’ would be a better modelling approach as this could provide results that could 

be more reliably validated. However, on balance we agreed that I should continue to use 

the UK Health Forum’s model for two reasons. Firstly, the value of baseline BMI modelling 

and weight gain in the UK population was an important element of the analysis that a 

Markov model would not replicate. Secondly, the widespread use of the UK Health Forum 

model by policy makers and charities in multiple countries provided some confidence in its 

utility for informing policy making. However there remains a considerable risk associated 

with basing economic analysis or public policy on models which are not fully in the public 

domain as both the model structure and results cannot be validated. 

 

6.4.3. Implications for policy makers 

The results of this analysis suggest that SSB tax, menu labelling, food store interventions and 

MCIs could be promising population-wide elements of national diabetes prevention policy. 

Even though effect sizes appear small, SSB tax, menu labelling and MCIs are likely to be 

acceptable, affordable, and can be implemented simultaneously. Considering the effect of 

each intervention in isolation is not wholly consistent with the ‘complex system’ view [19] of 

obesity and diabetes prevention as implementation of all interventions in a coordinated way 

may lead to attenuation or amplification of effect, depending on the nature of their 

interactions. However, current empirical methods used to determine intervention effect 

limit our ability to estimate the combined effect of multiple interventions, leaving policy 

makers to draw conclusions based on only small changes of individual interventions, as 

described in this paper.  
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6.5. SUMMARY AND CONCLUSION 

This chapter has examined the potential costs and effects of a range of population-wide 

programmes targeting upstream risk-factors for T2DM, notably those related to adiposity. 

Using a pre-existing multi-disease, multi-risk factor microsimulation model developed by the 

UK Health Forum, four population-wide prevention programmes (versus no intervention) 

were analysed from a health system perspective, namely: i) sugar sweetened beverage tax; 

ii) menu labelling; iii) grocery-store interventions and iv) multi-component community 

interventions.  All four interventions are associated with reduced incidence of T2DM, reduced 

T2DM-related healthcare costs and increased QALYs, but the effect of individual interventions 

is small. Further assessment of direct and indirect costs of these interventions is required 

before drawing conclusions on cost-effectiveness. 
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CHAPTER SEVEN  

 

Discussion and Conclusion 
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7. DISCUSSION AND CONCLUSION 

 

7.1. SUMMARY OF CHAPTER FINDINGS 

This thesis argues for a more comprehensive, complex systems approach to diabetes prevention 

policy that encompasses both individual case-based and population-wide programmes. My 

findings strongly suggest that, even if all the available evidence-based policies described in this 

DPhil were implemented, they may still be insufficient to substantially reduce prevalence of 

T2DM in England. This moves the diabetes prevention policy debate on from considering which 

is the single right approach (individual case-based or population-wide) to implementing a 

combination of programmes concurrently and continuing to search for new, promising 

interventions at both an individual and population-level. 

 

Chapter 1 described how this thesis was developed at the same time as ‘Healthier You’, the NHS 

Diabetes Prevention Programme, was being launched in England. It highlights how controversies 

relating to current national policy were initially explored through my collaboration on a 

literature review of screen and treat policies for people with intermediate hyperglycaemia. This 

understanding of the gap between existing literature and current policy led to a broadening of 

the scope of this thesis to consider alternative diabetes prevention policies and their impact on 

health system cost, health outcomes of individuals (QALYs) and population health (incidence of 

T2DM). This DPhil framed two potential policy responses to the challenge of preventing T2DM: i) 

individual case-based programmes targeted at participants at high risk of developing T2DM (e.g. 

the NHS Diabetes Prevention Programme) and ii) population-wide programmes targeting the 

entire population at risk. Each approach is examined in turn, utilising a combination of literature 

reviews and health economic modelling. 
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Chapter 2 presented a narrative review of the importance of diabetes prevention to policy 

makers, how those who have prioritised diabetes prevention chose to respond, and a summary 

of individual case-based interventions and issues related to identifying participants at high risk 

of T2DM. Three main findings from the published literature are summarised in this chapter. 

Firstly, seminal studies in the US, Finland, China and India found that T2DM can be 

prevented through lifestyle programmes or an oral hypoglycaemia medication (metformin), 

that is individual case-based programmes targeted towards high-risk individuals. However, 

subsequent studies of effectiveness of lifestyle programmes illustrated more modest effects 

on diabetes incidence, compared to trial-based studies of efficacy. Secondly, the primary 

literature is characterised by a lack of consensus on how to identify participants for 

individual-case based prevention programmes, with three different blood tests used to 

identify intermediate hyperglycaemia. Each of these different types of intermediate 

hyperglycaemia is associated with different pathophysiological changes, incidence of T2DM 

and response to preventative programmes. Thirdly, governments in Finland, Australia, the 

US and England have developed national or regional diabetes prevention programmes, 

predominantly focusing on lifestyle programmes in high-risk individuals. These programmes 

differ in both the intensity of the intervention provided and the method for identifying 

eligible participants. These findings raise unanswered questions about the efficacy, costs 

and cost-effectiveness of diabetes prevention programmes, which I go on to address in the 

remainder of the thesis. 
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Chapter 3 summarised the current evidence of cost-effectiveness of individual case-based 

interventions and the extent to which this evidence supports current diabetes prevention 

policy in England. Four main findings from a systematic review of the literature are 

presented in this chapter. Firstly, metformin and lifestyle interventions in people at high risk 

of T2DM appear to be cost-effective but not cost saving, with median ICERs of £8,428/QALY 

and £7,490/QALY respectively. Secondly, in the few studies where these were modelled, 

budget impact was moderate (prevention programmes required 0.13-0.2% of respective 

countries total healthcare budget), financial payoffs were delayed (net expenditure on 

treatment and prevention of diabetes only declined after 9-14 years) and impact on incident 

cases of diabetes was limited (0.1-1.6% reduction in incident cases). Thirdly, most published 

economic evaluations relate to intensive trial-based interventions in populations in high-

income countries identified with oral glucose tolerance tests. Finally, national diabetes 

prevention policy in the UK and US advocates pragmatic lifestyle programmes (less than 3 

years in duration), and in the UK the use of HbA1c or fasting plasma glucose is 

recommended for diagnosing intermediate hyperglycaemia. However, most cost-

effectiveness studies relate to a different definition of hyperglycaemia and a higher intensity 

of intervention, which limits the direct applicability of findings. These findings suggested 

that additional research was required to explore differences in cost-effectiveness related to 

different intensities of lifestyle programmes and different definitions of intermediate 

hyperglycaemia, which are explored in Chapter 4, as there are insufficient existing studies to 

draw conclusions on the most cost-effective diagnosis-intervention pairs. 
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Chapter 4 explored the differences in cost-effectiveness related to different types of 

individual case-based interventions, to address the gap in the literature regarding the most 

cost-effective diagnostic-treatment pairs outlined in Chapter 3. Six main findings from an 

economic evaluation of nine alternative diagnostic-treatment pairs are summarised in this 

chapter. Firstly, in individual case-based interventions for diabetes prevention, the type of 

intermediate hyperglycaemia and the intensity of lifestyle intervention do influence cost, 

health impact and cost-effectiveness of the intervention. Second, that in participants with 

all types of intermediate hyperglycaemia, low-intensity lifestyle interventions are the lowest 

cost diabetes prevention programme over a participant’s lifetime whereas high-intensity 

lifestyle interventions deliver the greatest health benefit (in terms of reducing diabetes 

incidence, years lived with T2DM and QALYs gained). Third, that low- and high-intensity 

lifestyle programmes are very cost-effective in participants with IFG and IGT, while 

metformin is not a cost-effective option in these populations but is in participants with 

HbA1c in the ‘at risk’ range. Fourth, that all individual case-based prevention programmes 

require an increase in diabetes expenditure, with subsequent savings being insufficient to 

entirely offset this expenditure. Fifth, that the impact on incidence of T2DM at a population 

level is small. Finally, this analysis suggests that current English national policy of low-

intensity lifestyle programmes in participants with IFG or HbA1c will be cost-effective and 

have the most favourable budget impact, but will prevent only a fraction of cases of T2DM. 

Additional approaches to prevention need to be investigated urgently.  

 

Chapter 5 identified additional approaches to diabetes prevention through an overview of 

systematic reviews of population-wide diabetes or obesity prevention programmes acting at 
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a community, regional or national level. This review identified literature on eleven types of 

programmes: i) increase in sugar sweetened beverage (SSB) tax prices, ii) reduction in fast 

food prices, iii) reduction in fruit and vegetable prices, iv) food labelling in grocery stores, v) 

menu labelling in restaurants, vi) interventions in food stores, vii) mass media campaigns, 

viii) park and playground renovations, ix) point of decision prompts to increase stair usage, 

x) encouraging active travel and xi) multi-component community-based interventions 

(MCIs). Four main findings from this overview of systematic reviews are summarised in this 

chapter. Firstly, in terms of proximal indicators of behaviour change, increased price of SSBs 

and fast food, decreased price of fruit and vegetables, food labelling, food store 

interventions and menu labelling (in some contexts) were associated with positive effects 

(increased purchase or consumption of healthy foods or decreased purchase or 

consumption of unhealthy foods). Park and playground renovations, point-of-choice 

prompts to increase stair use and active travel interventions were associated with increased 

park use or stair use or increased walking or cycling respectively. Secondly, in terms of 

intermediate indicators of change in energy balance: there was a lack of evidence of effect 

on total calories consumed or total physical activity. Thirdly, in terms of impact on distal 

health markers: increasing price of SSBs, menu labelling, food store interventions and MCIs 

appeared to have positive effects on reduction in BMI or weight loss. However, effect on 

BMI appeared insufficient to translate into an impact on prevalence of obesity or 

overweight at a population-level. Reductions in BMI (0.04 to 0.4 kg/m2) achieved through 

population-level interventions were, for many interventions, an order of magnitude less 

than those achieved in individual case-based diabetes prevention programmes (0.6 kg/m2 

for the average English person). Fourthly, no review reported on the impact of these 

interventions on incident cases of T2DM.  



 

179 
 

 

Chapter 6 examined the potential effect of the promising population-wide actions identified 

in Chapter 5 (increasing price of SSBs, menu labelling, food store interventions and MCIs) on 

QALYs, cumulative incidence of T2DM and T2DM-related costs in an English population. 

Four principal findings from this economic evaluation are summarised in this chapter. 

Firstly, SSB tax, menu labelling, food store interventions and MCIs all have potential to 

reduce incidence of T2DM, but the effect of each intervention is small (reduction of 

between 1.1 and 3.3% of prevalent cases after 50 years). Secondly, SSB tax, menu labelling, 

food store interventions and MCIs reduction of annual direct healthcare costs of T2DM is 

small (<0.1% direct healthcare costs of T2DM over 50 years). Thirdly, all interventions 

modelled led to substantial increases in QALYs at a population level, but QALYs gained at an 

individual level are small (<0.014 QALYs gained over 50 years). Identifying the full range of 

direct and indirect costs associated with these interventions was beyond the scope of this 

DPhil, therefore analysis of cost-effectiveness was not undertaken. Finally, the analysis 

described in this chapter does suggest that a small number of population-wide interventions 

may be a useful adjunct to diabetes prevention programmes, such as those in England, that 

are currently focused predominantly on individual case-based interventions.  

 

7.2. STRENGTHS AND LIMITATIONS 

7.2.1. Strengths 

This thesis is one of the most comprehensive examinations of a wide range of potential 

diabetes prevention policies that has been undertaken. It includes an assessment of: the 

efficacy and cost-effectiveness of 9 alternative individual case-based interventions, the 
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efficacy of 11 population-wide prevention programmes and the impact on cost and health 

outcomes of four of these. By quantifying the likely impact of each programme on 

cumulative incidence of T2DM, these analyses illustrate how relatively ineffective each 

policy will be in isolation and argue for both a more comprehensive, multi-pronged 

approach to diabetes prevention policy and urgent development and evaluation of 

additional programmes that could augment those described in this thesis. 

 

Specific strengths of this thesis include the range of diabetes prevention policies examined, 

use of systematic literature reviews to inform model development and parameter values, 

the use of relatively robust methods to undertake economic evaluations and the consistent 

extraction of the policy implications of these analyses.  

 

In terms of evaluating a wide range of diabetes prevention policies, Chapter 4 summarises 

findings from the first economic evaluation to compare low-intensity lifestyle programmes 

with high-intensity programmes and metformin in participants with different definitions of 

intermediate hyperglycaemia. Chapter 5 and 6 summarise the most comprehensive 

overview of systematic reviews to date which is used to identify potentially effective 

population-wide diabetes and obesity prevention programmes and includes the first 

assessment of menu labelling and food store interventions’ impact on costs and incidence of 

T2DM.  
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In terms of using systematic reviews to inform model structure and parameter values, 

Chapter 4 was the first economic evaluation to draw key parameter values (e.g. relative risks 

of T2DM) from pooled results of recent meta-analyses of intervention effect and to identify 

different parameter values for different types of intermediate hyperglycaemia. Likewise, 

Chapter 6 was the only economic evaluation of population-wide interventions, to my 

knowledge, to derive parameter values of intervention effect from meta-analysis of findings 

from primary studies.  

 

Finally, relatively robust methods were used to undertake economic evaluations and the 

policy implications of these analyses were consistently extracted. In terms of robust 

methods for economic evaluations, the Markov model described in Chapter 4 was the first 

of those used to analyse diabetes prevention programmes that was comprehensively 

validated using the AdViSHE tool. In addition, these analyses were the first to my knowledge 

to extract the implications for UK policy makers in terms of % of health budget expended or 

saved and % cumulative incidence of T2DM reduced. Existing publications either reported 

impact at an individual level (e.g. ICER) or impact per 100,000 population, which makes the 

potential impact of any health policy at a national level hard to discern.  

 

7.2.2. Limitations 

However, this thesis encompasses several limitations: heterogeneity of the population 

examined, some omissions in the range of programmes considered, availability of evidence 
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to inform key parameter values, the structure and function of models employed, and 

modelling of discrete interventions operating in a complex system.  

Firstly, heterogeneity of the population effected by alternative diabetes prevention 

programmes was only partially reflected in the modelling approaches used in this thesis. In 

the Markov model described in Chapter 4, heterogeneity of the population in terms of type 

of intermediate hyperglycaemia was explicitly modelled, but other potentially important 

sources of heterogeneity (e.g. baseline weight) was not. This is because the model was 

structured to reflect transitions between different levels of hyperglycaemia rather than 

different categories of weight. In the simulation model described in Chapter 6, population 

heterogeneity in terms of baseline weight was explicitly modelled but other potential 

sources of heterogeneity that may affect an individual’s response to an intervention was not 

(e.g. level of deprivation may be relevant when levying a regressive tax such as that on 

SSBs).  

 

Secondly, the full range of diabetes prevention programmes was not considered. This thesis 

considers all ‘first-line’ individual case-based programmes, but the use of metformin as a 

‘second-line’ programme in those who are unable to or choose not to enrol in or complete 

lifestyle programmes, was not modelled. There is no primary data on the effect of 

metformin when used post-lifestyle intervention, so modelling the impact of this policy 

would include a good deal of uncertainty. This thesis also considered all population-wide 

programmes acting at a macro-level (i.e. population, region or community level) for which 

there were more than one systematic review. There may be population-wide interventions 

for which no systematic review has been undertaken or, given the breadth of the subject 
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area and the inconsistency of terminology used across this vast field, there may be 

systematic reviews that my search did not identify. In addition, there are potentially 

relevant programmes acting at a meso-level (e.g. school or workplace) which may be 

relevant but were not included in the scope of this thesis.  

Thirdly, the evidence used to inform some key parameter values in the economic 

evaluations have limitations. In some instances, there was no available data to inform key 

parameter values (e.g. persistence of the effect of lifestyle interventions), therefore a range 

of values were tested in sensitivity analyses. Some values were derived from meta-analyses 

that illustrated a good deal of heterogeneity in terms of intervention effect, reflecting 

variation in specific interventions and differing contexts. These parameters were 

incorporated in probabilistic sensitivity analysis of individual case-based programmes, but 

the lack of sensitivity analysis in the modelling of population-wide programmes means that 

the true level of uncertainty around these estimates is not characterised. In population-wide 

programmes, most primary studies are from the US which may limit their applicability to the 

UK. Finally, variables that are continuous (e.g. weight, HbA1c) are presented as categorical 

(e.g. overweight/obese, IFG/T2DM) in both models. If the distribution of the underlying 

continuous variable (e.g. weight) in the population from which the intervention effect is 

derived is substantially different from that of the population being modelled, this will also 

lead to inaccuracies in transition probabilities attributed to categorical variables (e.g. 

overweight/obese).      

 

Fourthly, the structure and function of the models described in this thesis have limitations. 

The Markov model is limited in terms of the disease states that are included in the analysis. 
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Lifestyle programmes which lead to weight loss will reduce the risk of a wide variety of 

diseases (e.g. cardiovascular disease, cancer), and in turn have an impact on health system 

costs and QALYs associated with these diseases. But these disease states are not included in 

the Markov model, which therefore understates the potential benefit of lifestyle 

interventions. The UK Health Forum’s simulation model is limited by lack of transparency in 

terms of equations and parameter values used and in the way results are reported. Whilst 

there has been some cross-validity testing of this model against other models, no 

comprehensive assessment of internal and external validity has been published. In addition, 

the outputs of the model only specify the incremental change (B-A) rather than describing 

both the base case (A) and the post-intervention case (B). This limited my ability to 

undertake even the most basic assessment of validity of the base case scenario and there 

remains a considerable risk associated with basing economic analysis or public policy on 

models which are not fully in the public domain as both the model structure and results 

cannot be validated.  

 

Finally, the ‘complex system’ view of obesity and diabetes prevention rejects the notion that 

single interventions can meaningfully be considered in isolation, and proposes that their 

impacts should be measured in the context of the wider system taking account of 

adaptations in the system that are likely to attenuate or exaggerate the impact of any 

intervention. Multiple small changes – in menu labelling, food and drink prices, grocery 

stores – may combine and reinforce one another (or, in some cases, work against each 

other) to generate both immediate and longer-term impacts (some of which will be 

measured and some not). Because the nature of the primary evidence is intervention-
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specific, this thesis assesses the evidence of each intervention in isolation and evaluates the 

effect of each intervention in isolation. However, in practice, many of the programmes 

described in this thesis could (and, my findings suggest, should) be implemented 

concurrently (lifestyle interventions, SSB tax, menu labelling, grocery store interventions, 

MCIs) and the net impact on T2DM of their concurrent implementation could be more or 

less than the sum of individual interventions because of the complex adaptive system in 

which they operate. 

 

7.3. IMPLICATIONS FOR FURTHER RESEARCH 

Five promising areas for further research have been identified in this thesis, including 

research aimed at: i) identifying additional diabetes prevention programmes, ii) 

characterising heterogeneity in treatment effect of individual-case based programmes, iii) 

addressing uncertainties in key parameter values outlined above, iv) understanding 

important interactions between individuals who are participating in case-based diabetes 

prevention programmes and their environment and v) exploring new modelling approaches.    

 

In terms of identifying additional diabetes prevention programmes, there are three 

potentially promising areas for research. First is the use of metformin as a ‘second-line’ 

programme in those who are unable to or choose not to enrol in or complete lifestyle 

programmes. There is no primary data on the effect of metformin when used post-lifestyle 

intervention for those who do not complete their lifestyle programme, or long-term follow-

up studies of metformin used alone in participants who cannot or will not participate in 
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lifestyle programmes. There is substantial resistance to ‘medicalising’ people with 

intermediate hyperglycaemia [1] by prescribing a medication such as metformin, but, given 

the limited effect of existing well-characterised interventions, this may be a promising 

additional route to investigate. Second is the role of diabetes or obesity prevention 

programmes acting at a meso-level (e.g. school or workplace) which were not included in 

the scope of this thesis, but may be a further suite of interventions to incorporate in a multi-

tiered, comprehensive diabetes prevention policy. Third is analysis of the direct and indirect 

costs of grocery store interventions and menu labelling to confirm they are indeed cost-

effective prior to developing national policy.  

 

In terms of characterising heterogeneity of treatment effect, the multiple relevant baseline 

characteristics of each person affected by diabetes prevention policies (e.g. age, race, BMI, 

socio-economic status, type of intermediate hyperglycaemia) suggest that a more nuanced 

approach to determining intervention effect may be required. For example, a recent 

publication on the effect of weight loss interventions on cardiovascular events [2] found 

that on average there was no significant effect. However, analysis using recursive 

partitioning revealed that participants with well-controlled T2DM and poor self-reported 

health experienced negative effects, which masked the positive response in other 

participant groups, rendering the results neutral. 

 

In terms of uncertainty regarding key parameter values, five areas of additional research 

could substantially advance our understanding of individual case-based and population-

wide interventions. Firstly, evaluating the effect of lifestyle programmes and metformin in 
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participants identified solely on the basis of HbA1c. Secondly, estimating longer-term 

follow-up of pragmatic lifestyle programmes to evaluate the duration and profile of the 

reduction in risk of T2DM. Third, evaluating the impact of lifestyle programmes on the 

complications of T2DM including death, as this has not been adequately characterised in 

studies with even long follow up periods. Finally, evaluating multiple population-wide 

programmes concurrently and over a long period to estimate their net effect on both BMI 

and prevalence of T2DM. 

 

Qualitative research also has an important role to play in terms of understanding important 

interactions between individuals at high risk of T2DM, including those who are participating 

in case-based diabetes prevention programmes, and their environment. During this DPhil I 

began to explore this by undertaking ‘go-along’ interviews, which are a hybrid of 

ethnographic observation and qualitative interviews [3], with residents in Newham East 

London who were likely to have a high risk of developing diabetes (e.g. first degree relative 

with diabetes). In a ‘go-along’ interview a researcher accompanies participants on 

excursions in their familiar environments, to capture contextual data to elucidate the 

interaction between the physical and social environment and health-related lifestyle 

choices. This kind of study could help to synthesise how the food environment, built 

environment, local geography, social structures and cultural frames interact with, and 

enable or constrain, individual psychological factors (motivation, self-efficacy, health 

literacy) to produce (or prevent) actions that reduce or increase risk of T2DM.  
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Whilst the findings of the ‘go-along’ interviews I undertook are not included in this DPhil, an 

early insight from them was the importance of behaviours within the participants’ social 

network. This could open avenues for research using alternative types of health economic 

modelling. Whilst the Markov and simulation models used in this DPhil have specific 

limitations outlined above, a general limitation of both these model types is that they treat 

individuals or cohorts as autonomous. Whereas agent-based models, which incorporate 

decision rules for how interactions between participants affects their decisions (e.g. to 

comply with an intervention) and the consequences of these decisions for their health state, 

enable the influence of social interactions to be included in a model.  To my knowledge 

agent-based models have not been used in diabetes prevention modelling, but may be a 

useful simulation tool, particularly in planning local implementation of a multi-level diabetes 

prevention programme.  

 

7.4. IMPLICATIONS FOR POLICY 

Since starting this DPhil in 2016, the NHS has expanded ‘Healthier You’, NHS England’s 

individual case-based diabetes prevention programme and introduced a pilot of very low-

calorie diets for reversing T2DM due to some promising recent publications [4] and the 

government has introduced a sugar sweetened beverage tax [5] and published a childhood 

obesity strategy [6]. During this time, I have also become a policy maker, working as Director 

of Innovation, Research and Life Sciences at NHS England, drafting elements of the Long 

Term Plan for the NHS and endeavouring to develop evidence-based policies for my own 

area. This recent experience of policy making has helped me to understand how difficult it 
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would be to act on the conclusions of this DPhil within the fragmented policy-making 

landscape of the UK.  

 

The over-arching conclusion of this DPhil is that governments should urgently expand 

national diabetes prevention programmes to encompass a broad range of individual case-

based and population-wide initiatives. In the UK, this would involve discrete activities at 

national policy-, community- and individual clinician level. At a national policy level, menu 

labelling regulations could be developed (along the lines of those in the US) following an 

exploration of the likely direct and indirect costs described above. At community or local 

authority-level, grocery store and multi-component community interventions could be 

developed, following examination of their direct and indirect costs. At a clinical level, the 

prescription of metformin should be encouraged in people who have HbA1c in the at-risk 

range and who refuse to or are unable to participate in lifestyle programmes.  

 

It is not possible to produce a definitive figure for the combined effect size of all the 

promising individual case-based and population-wide programmes on incidence of T2DM in 

England, due to the complex system in which diabetes prevention efforts operate. 

Interactions between different parts of the complex system could mean that the combined 

result was greater than or less than the sum of any individual programmes. For example, in 

the Indian Diabetes Prevention Programme the combined effect of metformin and a lifestyle 

programme was less than the effect of lifestyle programmes alone [7], suggesting some 

negative feedback loop between the two interventions. Conversely, studies of menu 

labelling have shown some evidence of a positive feedback loop or ‘learning effect’, with 
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one study finding reduced calories purchased at food service establishments that did not 

label menus but shared customers with establishments that had introduced menu labelling 

[8].   

 

Notwithstanding the difficulty of estimating the combined effect of different programmes, 

the small effect sizes of each programme suggest that even if all the evidence-based 

programmes outlined in this DPhil were implemented, they are unlikely to entirely reverse 

progression of the type 2 diabetes epidemic. This in turn suggests that an urgent search for 

additional diabetes prevention programmes should continue. However, there is an 

opportunity to enhance the way in which we identify promising programmes, estimate their 

effect on obesity or T2DM, and implement diabetes prevention policy.    

 

Additional diabetes prevention programmes could be identified through consideration of 

those that:  

• Act at the meso-system level (e.g. school or workplace) but that were not examined 

in this DPhil 

• Have promising effects on proximal indicators of behaviour change but have not 

been shown to affect BMI both due to the nature of the study design and the likely 

small effect they would have on overall calories consumed or expended (e.g. 

decision prompts to increase stair use) 
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• Have some level of face validity (they are likely to decrease calories consumed or 

increase calories expended) but have not yet been evaluated for impact on BMI (e.g. 

tax for other foodstuffs that have a high sugar content such as confectionary).  

Figure 7.1. summarises a range of potential diabetes prevention programmes that could be 

considered by policy makers, based on review of abstracts in the overview of systematic 

reviews described in Chapter 5. 
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Figure 7.1. Potential elements of a comprehensive diabetes prevention programmme 
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There is an opportunity to re-visit how we evaluate the effect of T2DM prevention 

programmes. Unlike medicines which can be treated as alternatives in trials and the 

emphasis of evaluation is on reducing confounding variables to establish causation, 

population-wide diabetes prevention programmes could occur simultaneously and may 

interact in unexpected ways within the complex adaptive system that is the obesogenic 

environment. Therefore, the practice of isolating a single intervention and attempting to 

evaluate its impact in isolation may not be fruitful. An alternative approach is to implement 

a wide range of programmes simultaneously, such as a selection of those identified in Figure 

7.1, some of which will have strong evidence of impact on BMI and others of which will have 

either face validity or evidence of impact on some elements of behaviour change (calories 

consumed or expended). Their combined effects could then be evaluated through repeat 

cross-sectional population-wide measurements. This is an approach that has been taken in 

Amsterdam’s childhood obesity prevention programme, which was associated with a 12% 

reduction in levels of overweight in children between 2012 and 2015 [9].             

 

There is also an opportunity to re-visit the way in which diabetes prevention policy is 

formulated and implemented. To date, the primary voices in diabetes prevention policy in 

England are the national commissioning bodies of the NHS (NHS England and Public Health 

England), through the publication of the Five Year Forward View [10] and more recently the 

Long Term Plan [4]. This healthcare-centric view of diabetes prevention lends itself to 

individual case-based programmes as these are the interventions that the NHS can deliver. 

However, a truly comprehensive diabetes prevention programme requires collaboration of 

policy and programme delivery at multiple levels across the private and public sectors, 
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including: i) nationally within government (including departments responsible for health and 

social care, education, transport and business), national commissioning organisations (NHS 

England and Public Health England) and companies with a national footprint, ii) regionally 

within local authorities, Clinical Commissioning Groups and businesses with a regional 

footprint and iii) locally within schools, childcare providers, local businesses, workplaces, 

faith-based organisations and healthcare providers. 

 

Taken together, these proposed approaches to identifying, implementing and evaluating 

diabetes prevention programmes could amount to a comprehensive, multi-layered 

modification of behaviours of individuals and communities and the obesogenic environment 

in which they reside. This would require a significant shift from the current healthcare-

focused approach to individual case-based prevention of T2DM. 

  

7.5. CONCLUSIONS 

Most countries that have implemented diabetes prevention programmes, including England, 

have focused on low-intensity individual case-based interventions in people at high risk of 

T2DM. These are effective, cost-effective and have acceptable budget impact, but are likely 

to have only a small effect on incidence of T2DM. In addition, there are a small group of 

population-wide obesity or diabetes prevention programmes (SSB tax, menu labelling, 

grocery store interventions and multi-component community interventions) which these 

countries have not uniformly embraced, which are likely to reduce T2DM costs, increase 

QALYs and have a small effect on incidence of T2DM. Modelling approaches are unable to 



 

195 
 

estimate the combined effects of these interventions due to uncertainty regarding potential 

interactions between individual interventions and other elements of the complex system in 

which they operate.  However, given the small effect sizes of individual interventions it is 

likely that they will be insufficient to entirely stem the tide of increasing diabetes 

prevalence.  

 

Historically debate has focused on the value of individual case-based programmes versus 

population-wide programmes. But this DPhil argues that not only are both necessary, but 

that concurrent implementation of those programmes that have a strong evidence base will 

probably not be sufficient to curb the exponential increase in prevalence of T2DM forecast 

for the coming decades. To achieve that goal, consideration of a radically different approach 

to identifying, evaluating and implementing diabetes prevention programmes is required. 
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