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PLAIN LANGUAGE SUMMARY 

In England the NHS Diabetes Prevention Programme (NHS DPP) identifies adults at high 

risk of type 2 diabetes and the healthcare professional refers them to an evidence-based 

behavioural intervention with the intention of preventing or delaying the onset of type 2 

diabetes. The intervention costs within this programme are reported to be £240-£290 per 

participant. 

 

In Scotland a similar programme has been developed:  the Framework for the Prevention, 

Early Detection and Early Intervention for type 2 diabetes.  This framework has been 

developed to provide guidance to delivery partners as to the implementation of a specific 

weight management pathway for those ‘at risk’ or those diagnosed with type 2 diabetes.  To 

support the delivery of this framework £42 million over a period of five years is to be made 

available. 

 

In Wales currently there is no national diabetes prevention programme.  The relatively high 

rate of type 2 diabetes in Wales compared with England, and the lack of a national 

programme to deliver an effective intervention for pre-diabetes to reduce the number of 

people developing type 2 diabetes needs addressing as a high priority. This is why we have 

looked at the value of implementing a specific Welsh programme; the ‘All Wales Diabetes 

Intervention Group (AWDIG) pre-diabetes pathway’ 

 

Using health economic analysis methods the likely costs, health outcomes and relative 

value for money of implementing the AWDIG pre-diabetes pathway have been estimated.  

These analyses were also ‘pressure tested’ with sensitivity analysis to be sure the 

assumptions used to predict the changes to the health of the person who is put on the 

AWDIG pathway, are robust. These sensitivity analyses used different rates of pre-diabetes 

and uptake of the pre-diabetes pathway.  These tests give additional assurance of the value 

of the AWDIG pre-diabetes pathway and that implementation will be effective in reducing 

the rate of development from pre-diabetes to type 2 diabetes and, overall, the NHS will save 

resources because of avoidance of the health problems associated with having type 2 

diabetes.  

 

Overall the results of the health economic evaluation show that the pre-diabetes pathway 

proposed by AWDIG is less costly and more effective than current care of people with pre-

diabetes. Using Cwm Taf Morgannwg and Cardiff and Vale University Health Boards as 

examples, to represent the best and worst levels of pre-diabetes in Wales, investing in the 

AWDIG pathway will cost £44 per person participating and save NHS Wales resources of 

the order of £6.8 million in each Health Board over a ten year period.  This is because the 

healthcare costs of managing people with diabetes are avoided and in addition the human 

impact of avoiding the personal and quality of life impacts of having type 2 diabetes are also 

avoided.    
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EXECUTIVE SUMMARY  

 In Wales currently there is no national diabetes prevention programme.   

 The relatively high rate of type 2 diabetes in Wales compared with England, and the lack of a 

national programme to deliver an effective intervention for pre-diabetes to reduce the 

number of people developing type 2 diabetes needs addressing as a high priority. 

 There is existing evidence that progression to type 2 diabetes can be reversed through 

provision of pre-diabetes pathways.  

 An effective, brief pre-diabetes pathway pioneered by the Afan Valley cluster has been 

identified as suitable for implementation in Wales together with a supporting pathway 

designed by the All Wales Diabetes Implementation Group (AWDIG).  

 Establishing the value of the AWDIG pathway, compared with ‘usual care’ in primary care 

for people with pre-diabetes was a vital step in planning for implementation in Wales. 

 Swansea Centre for Health Economics and Diabetes Research Unit Cymru collaborated to 

support the AWDIG to estimate the potential value for money of investing in a pre-diabetes 

intervention for delivery in Wales and undertook an economic evaluation. 

 The results of the economic evaluation suggests that provision of the pre-diabetes pathway 

is both more effective, in terms of gains in health, health related quality of life but also saves 

NHS resources and is less costly, over a ten year period, than usual care in Wales. 

 Using Cwm Taf Morgannwg and Cardiff and the Vale University Health Boards as examples 

to represent the best and worst cases of pre-diabetes prevalence and the change in possible 

outcomes, investing in the intervention remains more effective and less costly than usual 

care.  

 Extensive sensitivity analysis and running repeated simulations reinforce that this finding is 

robust, and the expectation that the intervention is more effective and less costly is 

reasonable.  

 The cost of delivering the AWDIG pre-diabetes intervention per person in one year for 

people identified with pre-diabetes is on average £44 compared with the £240-£290 stated 

to be the cost to the NHS for the NHS England Diabetes Prevention Programme (NHS DPP). 

 The annual cost of implementing the AWDIG pre-diabetes pathway in one year, per cluster 

is estimated to be on average, £78,000 and for a health board to implement the programme 

in one year, the cost ranges from £225,000 to £1 million, depending on the health board. 

The figures are mainly influenced by the size of the health board population. 

 The cost of provision of the whole AWDIG pre-diabetes pathway, offering the pre-diabetes 

intervention to people identified with pre-diabetes in Wales, over the course of one year, is 

approximately £4.8 million.  

 It may unrealistic to implement such a programme in one year.  A roll out the programme 

over a period of three years in each health board is a more likely scenario, spreading the 

cost, allowing time for recruitment of staff and training and enabling ‘learning from doing’.  

 The implementation of the AWDIG pre-diabetes intervention presents an ideal opportunity 

to undertake a programme of targeted data collection and a ‘real life’ evaluation as the 

programme is implemented.  The majority of the data is routinely collected and would not 

be onerous to formalise the capture of the important outcomes (return to a pre-diabetes 

state, avoidance of developing type two diabetes and health related quality of life). 
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1 BACKGROUND 

The impact of diabetes in Wales has been assessed by Diabetes UK, who published a ‘State 

of the Nation’ report in which the report authors stated that:  

“Wales has the highest prevalence of diabetes in the UK. We are all likely to know someone 

affected. More than 194,000 people in Wales are living with diabetes. This is 7.4% of the 

population aged 17 and over - the highest prevalence in the UK - and the numbers are rising 

every year. Around 90% of this number have Type 2 diabetes. Estimates suggest a 

further 61,000 people in Wales have Type 2 diabetes, but have not yet been diagnosed. This 

brings the total number living with diabetes in Wales up to more than 250,000.....540,000 

people in Wales could be at high risk of developing diabetes, and that numbers are rising 

every year. If current trends continue, by 2025, they estimated that 311,000 people in Wales 

will have diabetes”. p 4(1) 

Diabetes not only has a human cost, there is a significant cost to the NHS as well.  Type 2 

diabetes has a high burden on the health of individuals because of the complications of 

heart disease, stroke, nephropathy and retinopathy.(2)  Diabetes UK  state that overall 

diabetes costs the NHS in Wales approximately £500m a year, 10% of its annual budget (1) 

and also suggest that 80% cases of type 2 diabetes could be prevented. Diabetes also has a 

considerable economic burden not only in terms of the impact on healthcare costs and but 

also for the economically active population, reducing the ability of some to participate in 

the workforce. (3) 

1.1 PRE-DIABETES 

Pre-diabetes is a metabolic condition, which if undiagnosed or untreated, can develop into 

type 2 diabetes. It is characterised by the presence of blood glucose levels that are higher 

than normal but not yet high enough to be classed as diabetes. The National Institute for 

Health and Care Excellence (NICE) have developed guidelines for the identifying and 

management of pre-diabetes.(4) The criteria that NICE use to define pre-diabetes are 

having a HbA1c >42 up to 47 mmol/mol [6%–6.4%] or fasting plasma glucose 5.5-6.9 

mmol/L. (4) 

 

Trials of interventions for people with pre-diabetes have shown that pre-diabetes 

pathways that promote moderate to vigorous intensity physical activity, a healthy diet and 

weight regulation reduce the risk of progressing to type 2 diabetes by 30-60% (5) (6) and 

improve quality of life (QoL). (7) Roberts and colleagues published a systematic review of 

interventions to prevent diabetes and based on that, pre-diabetes pathways also appear to 

be cost effective in lowering HbA1c below 42mmol/mol and averting the development of 

type 2 diabetes for people at high risk for developing pre-diabetes. (7) Some of the studies 

reviewed suggest that pre-diabetes pathways might also be cost saving. (7) 

1.2 INTERVENTIONS FOR PRE-DIABETES 

NICE guidelines and care pathways based on the guidance for preventing diabetes suggest 

that a general practitioner (GP) should provide specially designed and quality-

https://www.diabetes.org.uk/diabetes-the-basics/what-is-type-2-diabetes
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assured intensive lifestyle-change programmes for groups of 10–15 people at high risk of 

developing type 2 diabetes.(4) 

 

To fulfil the expectations of NICE guidance and address the increasing prevalence of pre-

diabetes and the related risk of progression to diabetes in England, Public Health England, 

NHS England and Diabetes UK implemented the NHS Diabetes Prevention Programme (NHS 

DPP).(8)  The DPP consists of a 16 week programme of an intensive lifestyle management 

programmes focusing on dietary advice, physical activity and weight loss and is aimed at 

people at high risk of diabetes defined as HbA1c 42–47 mmol/mol or fasting plasma 

glucose of 5.5–6.9 mmol/L (i.e. having impaired glucose regulation (IGR)).  

 

The NHS DPP identifies adults at high risk of type 2 diabetes and the healthcare 

professional refers them to an evidence-based behavioural intervention with the intention 

of preventing or delaying the onset of type 2 diabetes. The intervention costs within this 

programme are reported to be £240-£290 per participant (8, personal communication to 

AWDIG). 

 

In Scotland a similar programme has been developed:  the Framework for the Prevention, 

Early Detection and Early Intervention for type 2 diabetes.(9)  This framework has been 

developed to provide guidance to delivery partners as to the implementation of a specific 

weight management pathway for those ‘at risk’ or those diagnosed with type 2 diabetes.  To 

support the delivery of this framework £42 million over a period of five years is to be made 

available.(9) 

 

In Wales currently there is no national diabetes prevention programme.  The relatively high 

rate of type 2 diabetes in Wales compared with England, and the lack of a national 

programme to deliver an effective intervention for pre-diabetes to reduce the number of 

people developing type 2 diabetes needs addressing as a high priority. 

 

In the NHS DPP programme, individuals with IGR are identified through opportunistic or 

targeted screening processes and offered the NHS DPP. Over a minimum of nine months, 

people are offered at least 13 education and exercise sessions of one to two hours; at least 

16 hours face-to-face or one-to-one in total. The expected outcomes of the NHS DPP include 

a 26% reduction in the incidence of type 2 diabetes. The programme is not without 

criticism; a BMJ editorial from 2015 calls into question the plausibility of such a programme 

delivered to a ‘real life’ population. (10) 

 

In Wales, there is no equivalent programme to the NHS DPP, although pilots of pre-diabetes 

pathways have been carried out in Ceredigion and Afan Valley, the Afan Valley programme 

is the most mature and was the subject of an evaluation by Diabetes Research Unit Cymru 

(DRUC).(11)   

 

1.3 AFAN VALLEY PRE-DIABETES INTERVENTION 

Dr Mark Goodwin, a general practitioner (GP) from the Afan Valley General Practice and the 

lead for the Neath Port Talbot (NPT) Afan General Practice cluster (9 practices in total) 

https://pathways.nice.org.uk/pathways/preventing-type-2-diabetes/group-and-individual-level-interventions-to-prevent-type-2-diabetes-among-people-at-high-risk#glossary-intensive-lifestyle-change-programmes
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working in partnership with colleagues in the cluster and other partners initiated a 

programme delivering a pre-diabetes intervention in the NPT Afan cluster. The programme 

has been running for over 3 years at the time of preparing this report (October 2019). The 

intervention comprises a one-off, educational, pre-diabetes pathway delivered by a trained 

healthcare support worker (HCSW) in a 30 minute session, to people identified with 

previous elevated blood glucose or HbA1c readings, or at risk of future pre-diabetes (aged 

over 45 years and hypertensive and obese). The project was evaluated by DRUC. The Afan 

programme has some success in returning people identified with pre-diabetes to normo-

glycaemia, with the 9 practices reporting that these people had a reduction in mean (±SD) 

HbA1c from 43.8 (1.5) to 40.7 (3.0) mmol/mol, p<0.0001,  a decrease of 3.12 mmol/mol at 

one year,  and overall 62% went from pre-diabetes to normal glucose tolerance. (11) 

1.4 PRE-DIABETES MANAGEMENT PLANS FOR WALES  

In late 2015, the All Wales Diabetes Implementation Group (AWDIG) tasked a sub group 

with proposing a pathway for the management of people with pre-diabetes in Wales.  Given 

the considerable resources required to deliver the 16 week NHS DPP, it was clear to this 

group that this approach is neither affordable nor practical for delivery in Wales, given the 

available budget, the population characteristics and geographical constraints of Wales. The 

programme for Wales  therefore, has been developed based on the Afan intervention as it 

had sufficient longitudinal data to facilitate an evaluation of outcomes (11), which are 

positive. In addition provision of the Afan intervention is likely to be scalable across Wales.   

1.5 AN ALL WALES PRE-DIABETES PATHWAY 

AWDIG developed a pathway for people identified in primary care that could benefit from 

the pre-diabetes intervention, based on the Afan intervention.  This is the ‘AWDIG pre-

diabetes pathway’ and a figure summarising the pathway is provided in the Appendix to 

this report.  

 

Before implementation of the pathway, AWDIG asked the Swansea Centre for Health 

Economics (SCHE) and DRUC to undertake an economic evaluation of the pathway, 

compared with ‘usual care’ to understand the economic impact of the intervention and also 

what the costs of implementation might be.  Whilst the clinical merits of a pre-diabetes 

intervention seem to be established, the relative value of money for delivering an 

intervention on a national scale is an important consideration.   

2 INTRODUCTION TO THE EVALUATION 

A useful way of exploring the value for money of an intervention is to undertake an 

economic evaluation.  This report describes the approach taken to do an evaluation of 

implementing a pre-diabetes pathway, compared with usual care, the likely results of 

implementation (based on the information we currently have available) and the value for 

money it represents. It also makes recommendations for undertaking a prospective 

evaluation if a ‘roll out’ of the AWDIG pre-diabetes pathway is implemented, to capture the 

‘real life’ value for money and impact on people with pre-diabetes. 
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2.1 EVALUATION OF THE AWDIG PATHWAY FOR PRE-DIABETES 

An evaluation of the proposed AWDIG pre-diabetes pathway in Wales was important to do, 

not only to determine whether it is a cost-effective intervention compared with usual 

practice in Wales but also to establish what resources are likely to be used in resourcing 

and delivering the pathway, thus identifying the resources and costs setting up the pathway 

as well as delivering the pathway was important.  This investment should be offset against 

the resources saved from diabetes related health events avoided in the future and is 

important to consider when investing in and planning a national programme. 

 

The most appropriate ways of doing this evaluation were to undertake two related 

economic assessments:  first establishing the resources and related costs involved in setting 

up and running the AWDIG pathway - Analysis One - and second was to use economic 

modelling techniques to undertake an evaluation method called cost utility analysis (CUA) – 

Analysis Two – which would consider the incremental costs and benefits of the AWDIG 

pathway compared to usual care.  

 

This approach enables an assessment of the extra costs incurred by providing the pre-

diabetes intervention for each quality adjusted life year (QALY) gained as a result of the 

introduction of the intervention in the pre-diabetes pathway compared to usual care. 

QALYs incorporate quantity of life (additional life years) and quality of life in one measure. 

Thus, by dividing the difference in costs by the difference in QALYs, cost per QALY can be 

calculated for the pre-diabetes intervention and usual practice in Wales, the incremental 

cost per QALY gained being the outcome measure (also called the ICER – incremental cost 

effectiveness ratio).  Generally, the NICE considers an intervention cost-effective if one of 

the following applies:  

 The intervention is less costly and more clinically effective compared with all other 

relevant alternatives. In this case, no ICER is calculated as the strategy in question 

dominates the alternatives.  

 The intervention has an ICER of less than £ 20,000 per QALY compared to the next best 

alternative. This means that an investment of up to £ 20,000 in order to achieve an 

additional QALY is considered cost-effective. 

Results of the comparative analysis of incremental costs and effects can be summarised in 

terms of incremental cost-effectiveness ratios (ICERs).  An ICER can be represented as: 

𝐼𝐶𝐸𝑅 =
𝐶1 − 𝐶0
𝐸1 − 𝐸0

=
Δ𝐶

Δ𝐸
 

Where C1 and E1 are the costs and effects of the intervention arm and C0 and E0 are the cost 

and effects of the control arm with Δ𝐶 and ΔE the incremental costs and effects of the 

intervention compared to control.   

 

The ICER is reported in order to determine the cost-effectiveness of the intervention 

compared to competing alternatives and aid decision-making but are not an absolute 

statement on whether the intervention can be deemed cost-effective. The ICER resulting 

from the CUA was compared to the willingness to pay threshold of £20,000 per QALY 
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gained. Results are generally reported as ICERs showing the extra cost of producing one 

extra QALY (or the extra cost benefits achieved by sacrificing one additional QALY). 

 

Usefully for this evaluation two UK based research teams have already evaluated the NHS 

DPP, in the context of Public Health England and NIHR funded research (Thomas and 

colleagues (12); Roberts and colleagues (13), respectively).  Both research teams 

undertook economic modelling exercises, evaluating the NHS DPP and other pre-diabetes 

pathways compared with no intervention.  Within the time and funding constraints, we 

used these models to guide design and inform the development of a simplified health 

economic Markov model to enable analysis to answer the questions below: 

1. What are the resources and the costs required to deliver the AWDIG pre-diabetes 

intervention and pathway in Wales? 

2. Is the AWDIG pre-diabetes intervention and pathway a cost effective option for averting 

the development of diabetes compared with usual care? 

Population 

In order to answer these two important questions the patient population - the recipients of 

the pre-diabetes intervention - had to be defined. Through a process of deliberation and 

review of relevant literature on this specific topic, the available systematic reviews (6, 7) 

and the two studies that looked at cost effectiveness (12) (13) AWDIG agreed that the ideal 

patient population for the AWDIG pathway in Wales would be those who had: 

 BMI> 30 

 Age >40 - 75 years 

 HbA1c >42- 47 mmol/l 

However, while this is the ideal population to target, in theory, the data to enable 

undertaking an evaluation for this group are not available for people with these 

characteristics.  Given this situation the population for the evaluation was necessarily 

agreed to be people; 

 with pre-diabetes,  

 aged ≥50 years of age  

 at low, medium or high risk of progressing to diabetes. 

 

Intervention 

The evaluation is of the intervention for pre-diabetes - the AWDIG pathway (Figure 1 in the 

appendix). 

 

Comparator 

AWDIG advice suggested that ‘usual care’ in Wales is not as described in NICE Guidance (4) 

given the lack of resources, but rather it is more likely to be brief advice about diet and 

exercise and handing out a leaflet about pre-diabetes within a routine consultation.  We 

based the evaluation on usual care in Wales. 

 

Outcomes 
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The most relevant outcome for these people was agreed to be a return to normo-glycaemia 

(<42 mmol/l).  As the model would be populated with data from the literature, a pragmatic 

decision was that % reduction in HbA1c would also be an important outcome as this is a 

more frequently reported outcome in the diabetes literature.  

 

The outcomes for the CUA was  cost per QALY gained with the change in health related 

quality of life (HRQoL) measured by a multi-attribute utility scale (e.g. the EQ-5D) derived 

from values reported in the literature, that relates to observed changes in HbA1c. 

 

Discount rate 

In line with best practice a discounting rate of 3.5% per annum is applied to any of the 

analyses with a time horizon of over a year. (14) 

 

Time horizon 

The time horizon for the evaluation is ten years, based on AWDIG advice, availability of data 

to inform the model and other published evaluation of pre-diabetes pathways. 

2.2 ANALYSIS ONE: RESOURCES AND COSTS ASSOCIATED WITH THE AWDIG PRE-

DIABETES PATHWAY  

In order to undertake the economic evaluation and establish what resources are used in 

delivering a the AWDIG pre-diabetes pathway, a descriptive profile of the pathway and the 

staff and non-staff resources required to set up and deliver the intervention was developed 

in consultation with the relevant AWDIG sub-group, Community Dietetic Clinical Lead from 

the Cardiff and Vale University Health Board supported by members of AWDIG.  

 

The resources and costs associated with the AWDIG pre-diabetes pathway were split into 

four main stages: 

1. Staff training to deliver the intervention:  Training comprises attending the necessary 

training sessions for Level 2 Food and Nutrition Skills for Life course, which is delivered 

by a senior dietitian to a cohort of HCSW in order that they gain all the skills and 

knowledge required to implement the relevant intervention. The HCSW will also spend 

10 hours on self-study out of work hours to complete a portfolio, which is not included 

in the cost of training.  

2. Delivery support, co-ordination and quality assurance (QA):   This includes all 

support, QA and co-ordination supported by the dietitian responsible for overseeing the 

delivery of the intervention within and between different health boards and clusters and 

provide regular support and mentoring to HCSWs delivering the intervention. 

3. Identifying recipients and other preparation: This takes places at the GP practice and 

is undertaken by the HCSW responsible for delivery of the intervention locally.  Those 

eligible to receive the intervention (meeting the three criteria above) are identified 

using the GP practice records, invitation letters are sent and follow up phone calls made.  

Intervention uptake rate is assumed to be 50%.  

4. Delivering the intervention. The intervention includes an HbA1c lab test performed 

before the pre-diabetes pathway as well as a 30 minute one-to-one brief lifestyle session 

delivered by HCSWs. At 12-months following the intervention, recipients will have a 
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follow up HbA1c test.   Based on information from AWDIG 20% of people are assumed to 

need a second visit for the intervention during the first year for various reasons, such as 

communication difficulties. Given the expected level of uncertainty in the uptake rate, 

appropriate sensitivity analysis was undertaken.  

The resources used through each stage and staff time spent on each task were all identified 

and costed. The total cost of implementing the brief pre-diabetes pathway and the cost per 

participant and also the cost of implementing the intervention across Wales were both 

calculated. The inputs and assumptions used to calculate the total intervention costs are 

summarized in Table 1.  

 

The resource use and associated costs (i.e. staff utilisation, training sessions to prepare 

HCSW to deliver the intervention, stationery, lab tests, etc.) were valued in £ sterling in 

2018 prices based on published unit costs [if available] or cost estimations suggested by 

AWDIG. Fully absorbed (i.e. overheads, training and qualification costs etc.) costs were used 

to calculate the hourly rates for all staff members 

 

Costs associated with the brief pre-diabetes pathway, were based on published NHS 

reference costs (14) and/or supplied by AWDIG. For each stage of the brief pre-diabetes 

pathway, all staff members involved and all resources used were identified and costed 

appropriately. Staff costs were based on AWDIG inputs and Personal Social Services 

Research Unit list. Fully absorbed costs were used to calculate hourly rates.  To calculate 

the cost per hour we assumed 37.5 working hours per week for all staff members. In 

addition, we used 40 working weeks per year as a proxy, which takes into account 

workforce absences. 

 

To include costs of HbA1c tests (i.e. lab costs and phlebotomy) the appropriate units costs 

were applied (NHS reference costs 2018) to the two components of the testing. Unit costs 

for stationery (envelopes, stamps etc.) for the mailing of letters to the people identified on 

the GP databases were based on Royal Mail tariff list. Costs incurred to produce Welsh 

language leaflets and training material were supplied by AWDIG. Table 1 provides a 

summary of the estimates of the cost of providing the intervention.  An average cost per 

person receiving the intervention was estimated to be £43.31.  By contrast the NHS DPP in 

England is delivered by external contractors and the reported charges for the NHS DPP in 

Thomas et al are £250 per person (12) and other reports suggest a range of £240-£290 per 

person (AWDIG personal communications). No other costs associated with the development 

and delivery of the NHS DPP are reported in the literature.  We consider this to be a 

considerable underestimate as the costs of the identification of patients and support of the 

pathway of care do not appear to be included.  The spreadsheets that calculated the total 

costs are available to AWDIG as supplementary material.   
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Table 1:  Annual Cost of providing the AWDIG pre-diabetes pathway in Wales 

Intervention stages 
Annual Cost 

(£) 

Staff training to deliver the intervention 57,519 

Delivery support, co-ordination and QA    459,692 

Identifying recipients and other preparation# 905,602 

Delivering intervention# 2,901,780 

Delivering second intervention to 20% of people require a second 

visit for the intervention during the 1st year 

460,845 

Total annual lifestyle intervention cost 4,785,438 

Cost per patient 43.41 

#assuming 500 people per practice are eligible for the intervention and 50% people invited receive the 

intervention 

2.3 ANALYSIS TWO: HEALTH ECONOMIC MODELLING 

A simple Markov model based on the health economic model reported by Roberts and 

colleagues (13) plus the assumptions and inputs used by Thomas and colleagues (12) for 

their complex simulation model was put together for this set of analyses.   

 

The model makes it possible to estimate the difference in outcomes between the two 

hypothetical cohorts (control and intervention), do the CUA and provide information that 

helps to determine whether the intervention is a cost-effective use of funds.  

 

The approach used to undertake this evaluation estimates the costs and benefits of a return 

to a normo-glycaemia health state in the population of people with pre-diabetes, eligible for 

the intervention of differing levels of risk of progression to diabetes.  Outcomes were 

defined in terms of cases of diabetes avoided and changes in QALYs.  

2.3.1 MARKOV MODEL STRUCTURE 

Figure 1 illustrates how the Markov model is constructed.  The model is a simplification of 

reality, tracking the expected path of a cohort of pre-diabetes people through health states, 

comparing people who do not get the intervention and receive care as usual or those 

receiving the pre-diabetes intervention. Markov models are based on transitions between 

the relevant health states.  The risk of developing diabetes differs according to the 

individual pre-diabetes profile and related health state.  These risks of progression between 

health states are based primarily on the time already spent in pre-diabetes, the HbA1c level 

and other risk factors for diabetes.  

 

Based on the literature and the model reported by Roberts and colleagues (13) three 

different pre diabetes risk profile health states were created in the model: low risk, 

moderate risk and high risk. The model structure and possible patient pathways are 

outlined and graphically presented in Figure 1 below. 
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Figure 1:  Markov Model Schematic 

Pre-Diabetes
(Low Risk)

Pre-Diabetes
(Mid-Risk)

Pre-Diabetes
(High-Risk)

DiabetesNormo-Glycaemia

Dead

 

2.2.1. KEY MODEL ASSUMPTIONS 

Due to the complexity of the service, patient population and chronic nature of diabetes, the 

model had to rely on several simplifications and assumptions, all of which were discussed 

with and verified by AWDIG and DRUC prior to inclusion in the model.  These assumptions 

are described below. 

 

In both usual care and the intervention pathways people can either remain in pre-diabetes, 

revert to normo-glycaemia or develop diabetes, with movements between the health states 

defined through a series of probabilities of moving into another health state (depending on 

whether they have had the intervention or not). The only difference in the modelled 

pathways is that the people who get the intervention have a higher probability of returning 

to the normo-glycaemic state (the intervention treatment effect).  

 

Whilst there is now some evidence that with intensive intervention in certain people with 

early type 2 diabetes, reversal to a normo-glycaemic state is possible we have not included 

this in the analysis as a simplification.  As this is a small and specific population we felt that 

this would not be a fundamental limitation of our model.  Therefore, once diabetes has 

developed the model assumes that people remain in this state and are unable to revert to a 

pre-diabetes or normo-glycaemic state.  
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The model also assumes that if pre-diabetes patients remain pre-diabetic they receive an 

annual pre-diabetes intervention.  The model takes a ten-year time horizon.  

 

The model assumes, based on the literature that having diabetes has an impact on HRQoL 

and management of diabetes and its complications incurs costs through use of NHS 

resources.  The impact of diabetes in the model therefore is captured through application of 

an annual cost and reduction in HRQoL, alongside an increased risk of death related to 

having diabetes.  These impacts are widely reported in the literature and have enabled us 

to find data to estimate the outcomes and costs of having diabetes as a result of developing 

pre-diabetes. Sources are referenced in the relevant places in the report.  

2.3.2 PRE-DIABETES POPULATION FOR MODEL 

The initial population distribution in the model (i.e. the split of people across low, moderate 

and high risk pre-diabetes health states) shown in Table 2 is defined using Welsh health 

board level deprivation scores as a proxy for likely distribution of risk profiles (higher 

deprivation is regarded as higher risk). This is a simplification of reality but provides us 

with an estimate of a distribution of risk for the hypothetical cohorts when published 

evidence is lacking. Alternative population distributions can be tested, using the model in 

scenario analyses as data becomes available.  

 

Table 2:  Population distribution*  

  % of people at risk of pre-diabetes  & 
differing risk of progression from pre-
diabetes to diabetes 

Health Board Registered patients Low Risk Mod Risk High Risk 
Swansea Bay University Health Board  542,870 33.1% 28.9% 38.1% 
Aneurin Bevan University Health Board 597,520 28.3% 29.3% 42.4% 
Betsi Cadwaladr University Health 
Board 

709,554 38.5% 38.8% 22.7% 

Cardiff and Vale University Health Board 503,850 47.4% 19.5% 33.1% 
Cwm Taf Morgannwg University Health 
Board 

450,000 21.6% 27.0% 51.4% 

Hywel Dda University Health Board 384,000 26.2% 54.6% 19.2% 
Powys Teaching Health Board 138,000 40.5% 48.1% 11.4% 

*estimates based on Stats Wales population data 2018 and Roberts et al (12) (spreadsheets available as 
supplementary material)  

2.3.3 MODEL INPUTS 

The model inputs that define the pre-diabetes pathway through the model are outlined in 

the table 3 below. The risk of developing diabetes differs according to risk profile (Table 2 

above) but a standard probability of returning to normo-glycaemia is applied. Underlying 

mortality is included in the model through application of standardised mortality rates to 

each cycle and the increased risk of death from diabetes taken from the DECODE study. 

(18) The detailed inputs to the model are available on request as supplementary material. 

 

As the data in the model relating to the pre-diabetes population targeted for the 

intervention is derived from the literature, care has been taken to be conservative in any 

assumptions and selection of input variables.  
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Table 3:  Model inputs 

Transition between health states  
Values Source 

CONTROL ARM 
Annual probability of progressing from pre-
diabetes to diabetes  (low risk) 

3.56% Morris et al. (2013) (15) 

Annual probability of progressing from pre-
diabetes to diabetes  (mod risk) 

4.55% Morris et al. (2013)(15) 

Annual probability of progressing from pre-
diabetes to diabetes  (high risk)  

7.04% Morris et al. (2013)(15) 

Annual probability of progressing from pre-
diabetes to normo-glycaemia (all pre-diabetes) 

8.97% Balk et al. (2015)(16) 

Annual probability of progressing from normo-
glycaemia  to pre-diabetes (low risk) 

0.65% Meigs et al. (2003) (17) 

Annual probability of progressing from normo-
glycaemia  to pre-diabetes (mod risk) 

5.9% Meigs et al. (2003)(17) 

Annual probability of progressing from normo-
glycaemia  to pre-diabetes (high risk) 

0.43% Meigs et al. (2003)(17) 

INTERVENTION ARM 
Relative risk of progressing from pre-diabetes 
to normo-glycaemia  (assumed equal for all PD 
states)1 

1.53 Balk et al. (2015)(16) 

Relative risk of progressing between health 
states (assumed equal for all health states) 

1 Assumption 

OUTCOMES 
Increased probability of death with diabetes 2.15% DECODE study (18) 

 

If after one year, an individual has not returned to normo-glycaemia nor progressed to 

diabetes, the individual stays in the model pre-diabetes population and repeats the year 

having another cycle through pre-diabetes pathway and an HbA1c assessment. This 

continues for the ten year time line.   

 

Expected costs applied in the model are based on a combination of published data and an 

estimate of the costs entailed in delivery of the intervention. Each health state was also 

associated with a level of HRQoL, captured using a multi-attribute utility scale, and 

reported in the literature (values and sources provide in Table 4), to generate values that 

can be used for calculating Quality Adjusted Life Years (QALYs).  

 

The annual costs of having pre-diabetes and the annual cost of having diabetes was based 

on those reported by Roberts and colleagues (13) inflated to 2018 values.  

  

                                                             

1 There is no explicit risk reduction (RR) calculated from the report on the Afan Valley 
intervention (11) but the results suggest approximately 60% people with pre-diabetes 
return to normo-glycaemia over one year, as a result of receiving the Afan Valley 
intervention.  
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Table 4: Health state cost and utility inputs 

Health states 
Utility Values  Cost (£) per year# 

Pre-diabetes (low risk) 0.759 (19) 903.4 (13) 
Pre-diabetes (mod risk) 0.746 (19) 903.4(13) 
Pre-diabetes (high risk)  0.745 (19) 983.4(13) 
Normo-glycaemia  0.768 (19) 803.6(13) 
Diabetes 0.738 (19) 3055.3(13) 
Intervention Cost 43.41 

 

2.3.4 MODEL ANALYSES 

The analyses undertaken using the model take the perspectives of the local health boards.  

To enable the differences in the population numbers and characteristics of different health 

boards to be reflected we used two different health boards for these analyses:  Cwm Taf 

Morgannwg University Health Board (Cwm Taf) and Cardiff and Vale University Health 

Board (Cardiff and Vale). These two health boards are used as they represent the lowest 

risk and highest risk of progression to diabetes from pre-diabetes based on assumptions 

linking diabetes prevalence to the Welsh Index of Multiple Deprivation as proxies for risk of 

progression.  

 

As the inputs to the model all rely on data derived from other sources, published and 

unpublished, and informed assumptions rather than specific data relating directly to the 

population and intervention planned for implementation in Wales, sensitivity analyses 

were undertaken.  A series of analyses, varying model inputs were implemented, ranging 

between plausible upper and lower limits and definition of worst case and best case 

scenarios to explore the impact of changing input values.  

3 RESULTS 

3.1 ANALYSIS ONE: COSTS OF IMPLEMENTATION 

Table 5 summarises the estimated cost of provision of the AWDIG pre-diabetes pathway to 

all the people identified with pre-diabetes in Wales, over the course of one year, assuming 

that there are 500 people meeting the eligibility criteria and 50% intervention uptake rate 

in each GP practice.  The base case analysis assumes an uptake rate of 50% of all the people 

eligible in a GP practice.  However the Afan Valley intervention has a much higher uptake 

rate (~60%) despite being in a deprived area, which is normally considered to be a 

predictor of poor intervention uptake.  The uptake rate used in Thomas et al (12) reflects 

the NHS DPP uptake rate (32%).  However this is a long term commitment and not 

surprising that it is relatively low. We took a 50% uptake as a reasonable mid-point 

between the two rates reported. The estimate of the cost of provision for one year is 

£4,809,217.  
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As it is very unlikely that it is feasible to deliver such an implementation programme in all 

of Wales in one year.  Table 6 summarises the estimated average implementation cost per 

cluster and Table 7 the average cost of implementation by Health Board in one year.  It is 

more likely that the programme will be rolled out, by cluster, by health board learning from 

experience and facilitating capacity building over a period of 2-3 years.   

Table 5:  Annual costs of provision of AWDIG pre-diabetes pathway in Wales$. 
 

Annual Cost (£)  

First Intervention £ 4,324,593 

Second Intervention*  £ 460,845 

Total annual cost for Wales  £ 4,785,438 

$ assuming that there are 500 people meeting the eligibility criteria and 50% intervention uptake rate in each 
GP practice 
*Assuming 20% of people will require a second visit for the intervention for various reasons during the first 
year 

 

Table 6:  Average annual costs of provision of AWDIG pre-diabetes pathway in Wales 

to a GP cluster. 

Total Lifestyle Intervention Annual Cost (All Wales) £ 4,785,438 

Lifestyle intervention participants if rolled out across wales 110,250 

Cost per Participant (All Wales) £  43.41 

No of Clusters in Wales 61 

Average Annual Cost per Cluster £ 78,450 

 
Table 7:  Average annual costs of provision of AWDIG pre-diabetes pathway in Wales to a 
GP cluster. 

Health Board 
No of 

clusters per 

Health Board 

Estimated Annual 

Cost (£) per Health 

Board 

Swansea Bay University Health Board 8 £      627,598 

Aneurin Bevan University Health Board 12 £      941,398 

Betsi Cadwaladr University Health Board 14 £  1,098,297 

Cardiff and the Vale University Health Board 9 £      706,048 

Cwm Taf Morgannwg University Health 

Board 

8 £      627,598 

Hywel Dda  University Health Board 7 £      549,148 

Powys Teaching Health Board 3 £      235,349 

 



 

19 
 

3.2 ANALYSIS TWO: OUTCOMES OF IMPLEMENTATION  

The findings below reflect both a ‘base case’ scenario where the prevalence of people at risk 

of pre-diabetes within a GP practice is assumed to be 6% (based on the ‘best-guess’ 

assumption).  Whilst this is not ideal, there were no data available to enable us to calculate 

a risk rate per practice. To allow for this assumption sensitivity analyses then explored how 

the results would change if this prevalence was changed to be higher or lower.  

Table 8: Base case (6% risk) QALYs gained 

Health boards 
QALYs QALYS 

gained 
Intervention Control  

Cwm Taf  191,048 189,735 1,313 
Cardiff and Vale 215,584 214,317 1,267 

 

Table 9: (Low pre-diabetes prevalence scenario) 

Health boards 
QALYs QALYs 

gained 
Intervention Control  

Cwm Taf  159,207 158,112 1,095 
Cardiff and Vale 179,653 178,598 1,055 

 

Table 10: (High pre-diabetes prevalence scenario) 

Health boards 
QALYs QALYs 

gained 
Intervention Control  

Cwm Taf  222,890 221,357 1,533 
Cardiff and Vale  251,515 250,037 1,478 

 

3.3 COST EFFECTIVENESS  

Tables 8- 10 summarise the expected gain in QALYs from implementing the AWDIG pre-

diabetes intervention in a health board population with pre-diabetes prevalence of 5%,  6%  

and 7% (50% male), aged 50 years of age respectively. The tables presented below assume 

a 6% rate of having pre-diabetes in the health board population.  In the Appendix document 

there are summaries of analyses assuming a 5% and 7% rate of presenting with pre-

diabetes. These values were assumed based on the Afan Valley data. (11) 

 

Tables 11-12 summarise the expected cost effectiveness of implementing the pre-diabetes 

intervention in terms of cost per QALY gained for the population with 6% prevalence of 

pre-diabetes in the two representative health boards. In both health boards, the analysis 

suggests that provision of the pre-diabetes pathway is both more effective and less costly 

(dominant), over ten years compared with usual care. 
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Figures 2 and 3 are graphical representations of the relative cost effectiveness of the 

intervention.  The simulation run in the model provides a scatter plot with a distribution 

around the point estimate illustrating the likelihood that the finding is robust.  In these 

cases the distribution is close around the point estimate giving strength to the expectation 

that the intervention is more effective and less costly; the dominant outcome is highly 

plausible.  

Table 11: Estimates of cost effectiveness for Cwm Taf (6% pre-diabetes prevalence) 

  
Intervention Control Difference 

Costs 

Pre-Diabetes Intervention 
Cost 

£2,106,514 £0 £2,106,514 

Normo-Glycaemia Cost £61,316,113 £44,475,551 £16,840,563 

Pre-Diabetes Cost £106,925,740 £122,875,883 -£15,950,143 

Diabetes Cost £88,149,179 £98,166,706 -£10,017,527 

Total Cost £258,497,546 £265,518,139 -£7,020,593 

Outcomes 

Life Years 253,363 252,302 1,060 

QALYs 191,048 189,735 1,314 

Incremental Analyses 

Incremental Cost per Life 
Year Gained 

    -£6,621 
(Dominant)# 

        

Incremental Cost per 
QALY Gained 

    -£5,344 
(Dominant)# 

#Dominant means the intervention is both more effective and less costly 
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Figure 2: Cost-effectiveness plane: Cwm Taf (6% pre-diabetes prevalence)  

 
 

Table 12: Cardiff and Vale UHB (6% pre-diabetes prevalence) 

  
Intervention Control Difference 

Costs 

Pre-Diabetes Intervention Cost £2,355,297 £0 £2,355,297 

Normo-Glycaemia Cost £69,880,862 £50,766,827 £19,114,035 

Pre-Diabetes Cost £121,014,463 £139,354,819 -£18,340,356 

Diabetes Cost £88,036,969 £97,944,269 -£9,907,300 

Total Cost £281,287,590 £288,065,915 -£6,778,325 

Outcomes 

Life Years 285,191 284,146 1,045 

QALYs 215,584 214,317 1,267 

Incremental analyses 

Cost per Life Year Gained     -£6,488 

(Dominant)# 

Cost per QALY Gained     -£5,351 

(Dominant)# 

#Dominant means the intervention is both more effective and less costly 
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Figure 3: Cost-effectiveness plane: Cardiff and Vale (6% pre-diabetes prevalence)  
 

 

 

3.4 SENSITIVITY ANALYSIS  

Another sensitivity analysis was undertaken using data from analysis one, looking at the 

impact of uptake rate on the costs of providing the AWDIG pre-diabetes pathway. The base 

case analysis assumes an uptake rate of 50% of all the people eligible in a GP practice.  

However the Afan Valley intervention has a much higher uptake rate (~60%) despite being 

in a deprived area, which is normally considered to be a predictor of poor intervention 

uptake. The uptake rate has been varied in a sensitivity analysis, holding all other inputs 

the same.  The uptake rate used in Thomas et al (12) reflects the NHS DPP uptake rate 

(32%).  However this is a long term commitment and not surprising that it is relatively low. 

Table 13 provides a summary of the impact on the cost of delivering the intervention for 

the two representative health boards.   
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Table 13:  Impact on overall costs of increasing intervention uptake. 

    
Estimated Total Annual Cost 
for Cardiff and Vale  

Estimated Total Annual Cost 
for Cwm Taf Morgannwg  

In
te

rv
e

n
ti

o
n

 u
p

ta
k

e
 r

a
te

 

10% £309,148.16 £274,798.37 
15% £358,760.66 £318,898.37 
20% £408,373.16 £362,998.37 
25% £457,985.66 £407,098.37 
32% (Thomas et al) (12) £527,443.16 £468,838.37 
40% £606,823.16 £539,398.37 
45% £656,435.66 £583,498.37 
50% (Base case) £706,048.16 £627,598.37 
55% £755,660.66 £671,698.37 
60% (Afan) £805,273.16 £715,798.37 
65% £854,885.66 £759,898.37 
70% £904,498.16 £803,998.37 
75% £954,110.66 £848,098.37 
80% £1,003,723.16 £892,198.37 
85% £1,053,335.66 £936,298.37 
90% £1,102,948.16 £980,398.37 
95% £1,152,560.66 £1,024,498.37 

 

 

The difference in uptake rates makes a considerable difference to the annual costs.  The 

plausible ranges of uptake range between 32% and 60% and the difference in annual cost is 

of the order of £250,000.    

 

Sensitivity analyses changing influential inputs in the model for analysis two were 

undertaken to ensure that these results are robust. Different assumptions about the Welsh 

pre-diabetes population are made, lower rates of people with pre-diabetes prevalent in the 

GP practices are assumed, overall prevalence rates changed, different pre-diabetes risk 

categories are prevalent, plus changing the cost of pre-diabetes to zero, is tested.  The 

results are provided in the separate Appendix.  All of these analyses suggest that the 

intervention remains cost saving and more effective than usual care (dominant) under all of 

these conditions, giving further confidence in the results. 

4 DISCUSSION 

The relatively high rate of type 2 diabetes in Wales compared with England, and the lack of 

a national programme to deliver an effective pre-diabetes pathway to reduce the number of 

people developing type 2 diabetes needs addressing as a high priority. Our two approaches 

to analysis exploring the potential impact of implementing the AWDIG pre-diabetes 

pathway using economic modelling techniques and sensitivity analyses to ‘pressure test’ 

our assumptions have explored the likely costs, outcomes and relative value for money of 

implementing the AWDIG pre-diabetes pathway. However conservative the assumptions it 

seems clear that implementing the AWDIG pre-diabetes pathway is low risk, high gain for 

NHS Wales and the population with pre-diabetes. 



 

24 
 

5 CONCLUSIONS 

The results of our evaluation gives considerable reassurance that implementation of the 

AWDIG pre-diabetes pathway will be more effective and cost the NHS less over a ten year 

period, as it is likely to be effective in reducing the rate of development from pre-diabetes 

to type 2 diabetes.   

 

In the long term the AWDIG pathway will ‘pay back’ the upfront costs compared with usual 

care due to the avoidance of the health problems associated with having type 2 diabetes.   

 

The overall costs of delivering the programme across Wales, in one year, at a 50% uptake 

rate, were estimated to be £ 4,785,438.  This timeline is however unrealistic; rather it 

would be wise to roll out the programme over a period of 3 years on a cluster by cluster 

basis in each health board, spreading the cost, and allowing time for recruitment and 

training, but also enabling learning by doing, collecting data on outcomes and the real life 

use of resources to deliver the programme.  As the programme is establishing it will be 

important to focus on the uptake rate compared with our base case and plan staffing 

appropriately. 

 

Data is captured in the GP practice software as part of the Afan Valley pre-diabetes 

intervention programme and the clinical outcomes have been reported by DRUC.(11) 

Unfortunately for the analyses undertaken and reported it was not possible to access the 

patient level data with records of age, gender, BMI and HbA1c for the people receiving the 

intervention.  These data are available in the NHS data hosted by NWIS.  A reassuring next 

step would be for NWIS to collaborate with AWDIG and Swansea University to either collect 

the data actively or extract these data from the medical record and use the model to 

facilitate an evaluation of the cost effectiveness of the Afan Valley intervention which would 

add to the evidence presented here.  

6 RECOMMENDATIONS FOR IMPLEMENTATION 

Welsh Government is committed to prudent and value based health care.  The 

implementation of the AWDIG pre-diabetes intervention as part of the pathway is an ideal 

opportunity to undertake a programme of targeted data collection as each cluster 

implements the programme.  The majority of the data is routinely collected on the GP’s 

software hosting the electronic patient record, and would not be onerous to formalise the 

capture of the important outcomes variables: 

 HbA1c, BMI and blood pressure at first and subsequent visits (to be sure the 

outcomes are as expected) 

 All contacts with the HCSW delivering the intervention (to better understand the 

resource implications of providing the intervention) 

 Health related quality of life at each visit via tablet technology uploaded into a 

dedicated database (to capture the patient reported outcomes). This data collection 

task could be part of HCSW job description and collation and analysis of the data 
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budgeted and scheduled every year that the programme is rolled out, summarised, 

reviewed and reported. The data can be fed into the economic model used to 

undertake the analysis reported here to enable more accurate predictions of the 

costs and benefits of implementation of the programme. 

Potentially holding a national meeting each year, hosted by AWDIG, could be beneficial; 

sharing experience and best practice of rolling out the programme, sharing results based on 

the data collection and identifying the impact of the programme.  Important outputs from 

the meetings should be communicated via the academic, medical and the media to ensure 

dissemination of the roll out to share the Welsh experience. 
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