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[bookmark: _Toc355447977]Abstract
[bookmark: _Toc355447978]Background
Six per cent of the UK population have diabetes; 90% of whom have type 2 diabetes (T2DM). 

Diabetes accounts for 10% of NHS expenditure (£14B annually). Good self-management may improve health outcomes. 

NHS policy is to refer all people with T2DM on diagnosis to structured education to improve their self-management skills, with annual reinforcement thereafter. However, uptake remains low (5.6% in 2014–15). Almost all structured education is group-based, which may not suit people who work, have family or other caring commitments, or simply do not like groups. Moreover, patient needs vary with time, and a single education session at diagnosis is unlikely to meet these evolving needs. A web-based programme might increase uptake. 
[bookmark: _Toc355447979]Objectives
Our aim was to develop, evaluate and implement a web-based self-management programme for people with T2DM at any stage of their illness journey, with the goal of improving access to, and uptake of, self-management support, so improving health outcomes in a cost-effective manner. Specific objectives were to:

1.	Develop an evidence-based, theoretically informed programme that was acceptable to patients and health care professionals (HCPs), and could be readily implemented within routine NHS care;
2.	Determine the effectiveness and cost-effectiveness of the programme compared to usual care;
3.	Determine how best to integrate the programme into routine care.
[bookmark: _Toc355447980]Design
There were five linked work packages (WPs). WP A determined patient requirements and WP B the HCP requirements for the self-management programme. WP C developed and user-tested the programme; HeLP-Diabetes (Healthy Living for People with Diabetes). WP D was an individually randomised controlled trial in primary care with health economic analysis. WP E used mixed methods and a case study design to study the potential for implementing HeLP-Diabetes within routine NHS practice.

[bookmark: _Toc355447981]Setting
English Primary Care. 

[bookmark: _Toc355447982]Participants
People with T2DM, or (for WPs B and C) HCPs caring for people with T2DM. 

[bookmark: _Toc355447983]Intervention
HeLP-Diabetes, an evidence-based, theoretically informed, web-based self-management programme for people with T2DM at all stages of their illness journey, developed using participatory design principles. 
[bookmark: _Toc355447984]Main outcome measures
WPs A and B provided data on user “wants and needs”, including factors that would improve uptake and accessibility of HeLP-Diabetes. The outcome for WP C was HeLP-Diabetes itself. The trial (WP D) had two outcomes measures: glycated haemoglobin (HbA1c), and diabetes-related distress as measured with the Problem Areas in Diabetes (PAID) scale. Implementation outcomes (WP E) were adoption and uptake at the level of the clinical commissioning group (CCG), general practices and patients, and identification of key barriers and facilitators. 

[bookmark: _Toc355447985]Results
Data from WPs A and B supported our holistic approach addressing all areas of self-management (medical, emotional and role management). HCPs voiced concerns about linkage with the electronic medical record (EMR) and supporting patients to use the programme. 

HeLP-Diabetes was developed and user-tested in WP C. The trial (WP D) recruited to target (n = 374), achieved follow-up rates of over 80 per cent and intention-to-treat analysis showed an additional improvement in HbA1c levels at 12 months in the intervention group (mean difference –0.24%; 95% Confidence Interval (CI) –0.44 to –0.049). There was no difference in overall PAID levels (mean difference -1.5; 95% CI -3.9 to 0.9). Within-trial health economic analysis found that incremental costs were lower in the intervention group than the control group (mean difference -£111; 95% CI -£384 to £136), while Quality Adjusted Life Years (QALYS) were higher (mean difference 0.02; 95% CI 0.000 to 0.044), meaning that HeLP-Diabetes dominated the control intervention.  

In (WP E) we found that HeLP-Diabetes could be successfully implemented in primary care. General practices that supported people in registering for HeLP-Diabetes had better uptake and registered patients from a wider demographic than those relying on patient self-registration. Some HCPs were reluctant to do this as they did not see it as part of their professional role. 
Limitations
We were unable to link HeLP-Diabetes with the EMR or to determine the effects of HeLP-Diabetes on users in the implementation study. 

[bookmark: _Toc355447987]Conclusions
HeLP-Diabetes is an effective self-management support programme implementable in primary care.

[bookmark: _Toc355447988]Future work
Research: 
Determine how to improve patient uptake of self-management support; develop and evaluate a structured digital educational pathway for newly diagnosed people; develop and evaluate a digital T2DM prevention programme.


Implementation: National implementation of HeLP-Diabetes
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[bookmark: _Toc355447998]Background
Diabetes is a National Health Service priority: estimates suggest that around 6 per cent of the UK population, (4 million people), have diabetes, of whom 90 per cent have type 2 diabetes (T2DM), accounting for 10 per cent of NHS expenditure (£14 billion per annum).Most costs are due to treating complications. 

Good self-management is key to preventing complications and improving health. Since 2008 it has been NHS policy that all people with diabetes should be referred at diagnosis to structured education to improve their self-management skills, with annual reinforcement thereafter. 

Unfortunately uptake remains low, despite incentives for general practitioners (GPs) to refer people through the Quality and Outcomes Framework. The latest figures from the National Diabetes Audit suggest that although referral rates increased very substantially from 7.6% in 2009–10 to 75.8% in 2014–15, uptake has not with only 5.6% of eligible patients attending in 2014–15. 

Almost all structured education in the UK is group-based, which may not suit people who work, have caring commitments, or do not like groups. Moreover, patient needs vary with time and illness progression.A single education session at diagnosis is unlikely to meet these evolving needs, particularly as many people report being emotionally unable to engage with self-management in the months immediately after diagnosis. A decision to engage with self-management may result from specific triggers such as an increase in medication, or development of a complication. 

Web-based self-management programmes offer some potential benefits. They can combine health information with behaviour-change, decision and emotional support. They are easily updated, convenient to use and their confidentiality and anonymity is valued by users. In the UK in 2015, 86% of households had internet access, with 78% of adults accessingthe internet daily or almost daily. 

There are, however, potential disadvantages, including the “digital divide” (the divide between those who do and do not have access to, or make use of, the internet), uncertainties around effectiveness, and a track record of significant problems with implementation of digital interventions in the NHS. 

[bookmark: _Toc355447999]Aims and objectives 
The overall aim of this programme grant, (which started in March 2011) was to develop, evaluate and implement a web-based self-management programme for people with T2DM (at any stage of their illness journey), with the goal of improving access to, and uptake of, self-management support, and hence improving health outcomes in a cost-effective manner. Particular attention was paid to working with users (patients and health care professionals (HCPs)) to identify and meet user “wants and needs”; overcoming the digital divide; and ensuring the intervention could be easily implemented within routine NHS care.

Specific objectives were: 
[bookmark: _Toc355448000]Development
Determine patient perspectives of the essential and desirable features of the intervention (wants and needs);
Determine HCP perspectives of the essential and desirable features of the intervention which would encourage uptake and use in the NHS;
Determine the overall content and function of the intervention;
Determine the optimal facilitation required to encourage use of the intervention;
Determine feasibility and acceptability of facilitated access to the intervention. 

[bookmark: _Toc355448001]Evaluation
Determine the effect of the intervention on clinical outcomes and health-related quality of life in people with T2DM;
Determine the incremental cost-effectiveness of the intervention compared to usual care, from the perspectives of health and personal social services and wider public sector resources.

[bookmark: _Toc355448002]Implementation
Implement the intervention in two primary care trusts (since renamed clinical commissioning groups or CCGs);
Determine the uptake, use and effects of the intervention in an unselected population in routine care;
Determine factors that inhibit or facilitate integration into existing services and uptake of the intervention by users; 
Determine the resources needed for effective implementation. 

[bookmark: _Toc355448003]Methods
We designed five linked work packages (WPs). WP A and WP B used qualitative methods to address objectives 1 and 4 (WP A), and objectives 2 and 4 (WP B). WP C addressed objectives 3 and 5, combining a process of participatory design with evidence synthesis and applying theoretical frameworks. WP D addressed objectives 6 and 7 through an individually randomised controlled trial (RCT) in primary care. WP E addressed objectives 8 to 11 using mixed methods. 

WP A: Participants were people with T2DM, purposively sampled for variability in age, ethnicity, duration of diabetes, and internet experience. Data were collected in focus groups and analysed thematically by a multi-disciplinary group in parallel with data collection which continued until thematic saturation was reached. 

WP B: Participants were HCPs involved in caring for people with T2DM, including general practitioners, practice nurses, diabetes specialist nurses, consultants in diabetic medicine and dieticians. Data were collected through focus groups and semi-structured individual interviews, and analysed thematically by a multi-disciplinary group in parallel with data collection which continued until thematic saturation was reached. Following thematic analysis, data were mapped onto Normalisation Process Theory (NPT). 

WP C: Development of the programme, called Healthy Living for People with Type 2 Diabetes, or HeLP-Diabetes, involved combining multiple data sources to create content and functionality. We used the Corbin and Strauss model of the tasks faced by people living with long-term conditions (LTCs), namely: medical management (adopting healthy behaviours, working with health professionals, taking medicines, keeping appointments, engaging with self-monitoring); emotional management (managing the strong negative emotions that accompany such conditions, including anger, guilt, shame and despair); and role management (coming to terms with the disruption of one’s biographical narrative). 

NPT was used as a framework to plan for implementation, and a taxonomy of behaviour change techniques was used to target specific behaviours. We synthesised available evidence on T2DM (diagnosis, natural history, treatments); factors associated with effectiveness in internet-based interventions; optimal techniques for presenting information in an accessible, comprehensible format; and enhancing usability and engagement with internet interventions. We combined these data sources with the data from WP A and B to determine initial content and functionality, and then worked with user panels (patients and HCPs), software engineers and web designers to develop, refine and optimise content and function through participatory design. We subsequently undertook usability testing to refine the navigation and presentation.

WP D: We conducted an individually randomised controlled trial in primary care, with co-primary outcomes of diabetes control measured by glycated haemoglobin (HbA1c), and diabetes-related distress measured by the Problem Areas in Diabetes (PAID) scale. Outcomes were measured at baseline, 3 months and 12 months. A health economic analysis was included.

WP E: An implementation study was developed using mixed methods, combining quantitative data on adoption and uptake at CCG, practice and patient levels with interview data from commissioners, HCPs and patients and observation data from individual practices. Impact on people with T2DM was to have been determined using self-completed questionnaires at baseline and follow-up, but insufficient numbers of people consented to this for the data to be useful. 




[bookmark: _Toc355448004]Results
WP A: Thematic saturation was reached after four focus groups and one interview, involving 20 participants. The data generated indicated a strong shared sense of the overwhelming burden that living with diabetes placed on participants, which had severe negative impacts on their emotional wellbeing, work, social life and physical health. Participants stated that many of their needs could not be met by current health services and that a web-based self-management support programme could help with these unmet needs. Participants had clear views about the features of such a programme that they would want or need, features that would help generate trust and encourage engagement and, conversely, features that would be off-putting and lead to disengagement. They were in favour of HCP facilitating access to the programme, and of patient access to the electronic medical record (EMR). 

WP B: Thematic saturation was reached after four focus groups and seven individual interviews with a total of 18 HCPs. All data mapped easily onto NPT. The potential benefits of our proposed web-based self-management programme were appreciated by participants who understood the need for self-management support, the problems with current service provision and the advantages of a web-based approach. This appreciation led to a perception that overall, HCPs would support the implementation of such a programme as long as the impact on workload was acceptable. They also had clear views about the types and range of evidence that HCPs would require to continue to engage with the programme, once it had been implemented. 

Views about facilitating access to the programme were more nuanced. Although some participants understood what facilitation would require, many were unconvinced of the potential benefits, and felt that the impact on workload could not be justified and was not an appropriate use of scarce resources in general practice. Similarly, there was considerable disquiet about patient access to the EMR, with participants unsure about what information would be accessed or what the benefits might be, and having significant concerns about adverse outcomes, including risks to privacy and confidentiality, increased patient anxiety, and an increase in workload. 

WP C: The overall goals of HeLP-Diabetes were to improve health outcomes and reduce diabetes-related distress. 
All content drew on evidence on management of T2DM, promoting behaviour change and emotional wellbeing, and maximising acceptability, reach and uptake of web-based interventions. There were information sections on T2DM, how T2DM is treated, possible complications, possible impacts of T2DM on relationships at home and at work, dealing with parties, holidays, travelling or shift work, and which lifestyle modifications will improve health. There were sections addressing skills and behaviour change, including behaviour change modules on eating healthily, losing weight, being more physically active, smoking cessation, moderating alcohol consumption, managing medicines, glycaemic control and blood pressure control. Users could set the programme to send themselves reminder text messages or emails, and could specify the content and frequency of such reminders. 

The third strand of components focused on emotional wellbeing, with self-help tools based on cognitive behavioural therapy (used with license from Living Life to the Full) and mindfulness. There were multiple personal stories (used with license from Health Talk Online), and a moderated forum. Participants were free to use the programme as much or as little as they chose. Engagement with the programme was promoted through: initial registration and facilitation by HCP; and regular newsletters, emails and SMS containing updates on latest diabetes-related research or practice, seasonally-relevant advice and links to specific relevant parts of the programme (sent by the HeLP-Diabetes team). 

WP D: Of the 374 participants randomised between September 2013 and December 2014, 185 were allocated to the intervention and 189 to the control. Final (12 month) follow-up data for HbA1c were available for 318 (85%) and for PAID 337 (90%) of participants. Of these, 291 (78%) and 321 (86%) responses were recorded within the pre-defined window of 10–14 months. At 12 months, participants in the intervention group had lower HbA1c than those in the control (mean difference -0.24%; 95% confidence interval -0.44 to -0.049; p = 0.014). There was no significant difference between groups for the PAID (mean difference -1.5; 95% CI -3.9 to 0.9. p = 0.25), but subgroup analysis suggested that among people who had been diagnosed more recently, PAID scores fell more in the intervention group than in the control (p = 0.004).

Within-trial health economic analysis showed that adjusted incremental costs were lower in the intervention group than the control group (mean difference -£111; 95% CI -£384 to £136), while Quality Adjusted Life Years (QALYS) were higher (mean difference 0.02; 95% CI 0.000 to 0.044), meaning that the intervention dominated the comparator, i.e. was less costly and more effective.  

WP E: HeLP-Diabetes was successfully implemented in one CCG in North London. It was adopted by the diabetes services in the main hospital serving the local population, in both community clinics, and in 22 of the 34 (65%) general practices (GP) open at the end of the study. A total of 205 people were registered to use HeLP-Diabetes between March 2013 and August 2015. Of these, around half (n = 107, 52%) were male and 52% (n = 107) were from ethnicities other than White British, with African, Caribbean, Bangladeshi, Indian and other ethnicities represented. There was a wide spread of ages (19–81 years), and of educational levels, with one third (31%, n = 64) having no education after school leaving age and over a third (38.5%, n = 79) describing their computer skills as basic. Duration of diabetes ranged from less than a year to over 20 years. Over half of the visits to the programme occurred outside normal working hours. 

Although most services were keen for HeLP-Diabetes to be available to their patients, many found it difficult to manage the workload associated with signing people up, and requested a patient self-sign up model. This was provided; however, data comparing those signed up by HCP with those who signed themselves up suggest that the self-sign up model was associated with users who were better educated and had rated their computer skills as advanced. Interview data confirmed that users placed great weight on the fact that HeLP-Diabetes had been recommended by an HCP, and that this was a major factor in deciding to use it. 

Additional information: A number of other CCGs requested access to HeLP-Diabetes. To meet these requests, and to help ensure ongoing sustainability and implementation of the programme, we established a not-for-profit community interest company to maintain and disseminate HeLP-Diabetes. 

[bookmark: _Toc355448005]Conclusions 
HeLP-Diabetes is an effective self-management programme for people with T2DM, which leads to improved glycaemic control. It is highly cost-effective. It can be implemented into routine health care, and, with minimal support from HCPs, can be used by people from a wide range of demographic backgrounds. As we initially hypothesised, HCP support does appear to be important in overcoming the digital divide and encouraging uptake and use. We believe that the care taken during the development process, including the emphasis on participatory design, theoretical underpinning, and future implementation were vital in obtaining the results shown. 

HeLP-Diabetes is currently available for commissioning by individual CCGs; a central commissioning model would be more cost-effective.

Funding details
RP-PG-0609-10135
1 March 2011 to 29 August 2016, a total of £2,015,521.00.


[bookmark: _Toc355448006]Plain English summary
We developed, trialled and evaluated HeLP-Diabetes, an online self-management programme for people with type 2 diabetes. To ensure it met the needs of patients and health care professionals (HCPs), we did this working with patients, professionals, psychologists, sociologists, health services researchers, software engineers and web designers. 

We took a broad approach to self-management, addressing the need for patients to adopt healthier behaviours, work with HCPs, and manage the negative emotions and changing feelings about themselves that occur. Our goal was to help them to manage these different tasks throughout their illness.

We evaluated HeLP-Diabetes in a randomised controlled trial. Volunteers were referred randomly to either the HeLP-Diabetes website or a simpler website, similar to NHS Choices. Although the people who volunteered for the trial had better control of their diabetes than most patients, after 12 months, people using HeLP-Diabetes had better diabetes control clinically than those offered the simple website. 

Overall, there was no difference in levels of people’s distress, but HeLP-Diabetes appeared to reduce distress among participants who had been more recently diagnosed with diabetes. The economic analysis showed that HeLP-Diabetes improved outcomes and reduced costs. 

The evaluation also showed that the programme was acceptable to HCPs and fitted well with NHS priorities. When HCPs invested time into helping people access HeLP-Diabetes, it was possible to overcome the “digital divide” — over half of these users came from black or ethnic minority backgrounds, a third had had no education after leaving school at 16, and a third described themselves as having only “basic” computer skills.


i


[bookmark: _Toc355448007]Chapter 1: Structure and overview of report
This chapter summarises the contents of the subsequent chapters.  The overall structure of the programme of research is presented in Figure 1.

Outline of 5-year programme
Work Package A
Qualitative work with people with T2DM
Work Package C
Development of the intervention
Work Package B
Qualitative work with health professionals
Work Package D
Randomised controlled trial
Work Package E
Implementation study
Preparatory work
Years 1–2
Years 3–5
Timeline

Figure 1: Structure of overall programme with constituent work packages


[bookmark: _Toc355448008]Summary of Chapter 2: Rationale and background
Chapter 2 outlines the rationale for the programme of work, explains why diabetes is a priority area for the National Health Service (NHS), the importance of good self-management in improving health outcomes in people with diabetes and the problems with current service provision. It suggests reasons why a web-based self-management programme could help address some of these problems, and sets out challenges identified during the planning stage, and our approach to these challenges. 

As theoretical underpinning is associated with effectiveness in web-based programmes, we had a strong theoretical framework, which is outlined here. Inevitably, there were substantial contextual changes during the 5-year programme of research, and these had considerable impact on the research. These contextual changes are described at the end of the chapter. 

[bookmark: _Toc355448009]Summary of Chapter 3: Aims, objectives and additional work undertaken
Chapter 3 describes the aims and objectives of the programme grant and outlines the methods used to address each objective. We were fortunate to be able to undertake a number of studies additional to those originally planned, and these are also outlined here.

[bookmark: _Toc355448010]Summary of Chapter 4: What do people with type 2 diabetes want and need from a web-based self-management programme?
[bookmark: _Toc377654695][bookmark: _Toc377655430][bookmark: _Toc377655483][bookmark: _Toc377655644][bookmark: _Toc378535748][bookmark: _Toc379828429][bookmark: _Toc379831814]Chapter 4 reports on a qualitative study which aimed to determine patient perspectives of the essential and desirable features of a web-based self-management programme for people with type 2 diabetes (T2DM), including features that would encourage use, such as access to their electronic medical record (EMR) and facilitation by health care professionals (HCPs).

[bookmark: _Toc355448011]Summary of Chapter 5: What requirements do health care professionals have of a web-based self-management programme for people with type 2 diabetes?
Chapter 5 reports on a qualitative study that aimed to determine the perspectives of HCPs of the essential and desirable features of a web-based self-management programme for people with T2DM, and what could be done to encourage uptake and use in the NHS. Additional objectives were to explore HCP views on the type and quantity of facilitation that could be provided in general practice, and on patient access to part or all of the EMR. 

[bookmark: _Toc355448012]Summary of Chapter 6: Healthy Living for People with type 2 Diabetes (HeLP-Diabetes): a web-based self-management programme for people with type 2 diabetes 
Chapter 6 describes the process of developing HeLP-Diabetes, including determining and creating the content and functionality. The process was iterative and involved a large multi-disciplinary team, with extensive user input through participatory design. We then describe the intervention, procedures for maintaining and updating the intervention, and techniques for promoting engagement. 

[bookmark: _Toc355448013]Summary of Chapter 7: Randomised Controlled Trial of HeLP-Diabetes
Chapter 7 describes the design and results of a multi-centre individually randomised controlled trial in primary care to determine the effectiveness of HeLP-Diabetes.

[bookmark: _Toc355448014]Summary of Chapter 8: Health economic analysis
Chapter 8 presents the within-trial health economic analysis of HeLP-Diabetes. 


[bookmark: _Toc355448015]Summary of Chapter 9: Design and evaluation of a plan for implementing HeLP-Diabetes into routine NHS care
Chapter 9 describes the design and evaluation of a plan for implementing HeLP-Diabetes into routine care. The aim of this work was to determine how best to integrate an eHealth intervention for patients into routine care, using HeLP-Diabetes as an example. 

Specific objectives were to design an implementation plan, evaluate its effectiveness and any reasons for observed variation in implementation, and modify the original plan in light of these emerging data. We were interested in maximising uptake and use by people with T2DM, in exploring ways of overcoming the “digital divide”, and the intervention’s impact on patient outcomes outside of a trial. 

[bookmark: _Toc355448016]Summary of Chapter 10: Discussion
Chapter 10 summarises the overall findings of the programme of work, considers the strengths and limitations of the work done and the implications for practice, policy and research.



[bookmark: _Toc355448017]Chapter 2: Rationale and background
[bookmark: _Toc355448018]Chapter summary
Chapter 2 outlines the rationale for the programme of work, explains why diabetes is a priority area for the NHS, the importance of good self-management in improving health outcomes in people with diabetes and the problems with current service provision. It suggests reasons why a web-based self-management programme could help address some of these problems, and sets out challenges identified during the planning stage, and our approach to these challenges.

As theoretical underpinning is associated with effectiveness in web-based programmes, we had a strong theoretical framework, which is outlined here. From its conception, this programme of work was planned and executed with very substantial input from people with T2DM, who acted as research partners. This input (also called PPI or Patient and Public Involvement) is summarised in this chapter. Inevitably, there were significant contextual changes during the 5-year programme of research, and these had considerable impact on the research. These contextual changes are described at the end of the chapter. 

[bookmark: _Toc355448019]Diabetes: a health service priority
In the United Kingdom (UK), diabetes is an NHS priority, affecting around 6 per cent of the population or some 4 million people in the UK1 of whom around 90 per cent have T2DM. Diabetes is also a global health priority. Current estimates suggest that there are over 400 million people living with T2DM across the world with a prevalence of 8.3 per cent in adults aged 20–79; numbers are rising and by 2035 there might be 600 million people living with this condition.2, 3

Diabetes can cause significant morbidity and mortality: complications include cardiovascular disease (leading to heart attack and stroke), peripheral vascular disease (leading to leg ulcers, infection and amputation), nephropathy, retinopathy and neuropathy. People with T2DM are at increased risk of mental health problems, with nearly double the prevalence of depression compared to those without diabetes (19.1% versus 10.7%)4 and 25% higher risk of anxiety.5 There is also a high prevalence of diabetes-related distress, defined as “the concerns and worries about diabetes and its management”.6 Surveys of populations with diabetes have reported rates of diabetes-related distress of 45%. This matters not only because high levels of distress have an adverse effect on quality of life, but also because high levels of distress are associated with poor diabetes control and increased rates of complications. 

Overall, diabetes has a significant negative impact on life expectancy, reducing it by anything from 3.3. to 18.7 years.7 

There are substantial health care costs associated with diabetes, both for health care systems and for individuals. Around 10 per cent of the NHS budget is estimated to be spent on managing diabetes and its complications.8 In 2010, direct costs of diabetes in the UK were estimated at £13.8 billion annually.9 By far the largest proportion of direct health care costs are due to inpatient treatment of complications.10, 11 Overall, health care costs related to diabetes care are rising, due to a combination of increasing prevalence, increased costs of drugs used to treat diabetes, and increased numbers of consultations.12 

[bookmark: _Toc355448020]Diabetes self-management education
The Wanless report of 2002 argued that two factors were critical to improving health outcomes and containing health care costs: a population actively engaged in self-care of their health; and a responsive health service with high rates of technology uptake.13 This report reflected and triggered considerable interest in self-management interventions, defined as “primarily designed to develop the abilities of patients to undertake management of health conditions through education, training and support to develop patient knowledge, skills or psychological and social resources”.14 

In the field of diabetes, landmark trials such as DESMOND (diabetes education and self-management for ongoing and newly diagnosed)15 and X-PERT16 suggested that educating patients about their diabetes and helping them improve self-management skills could improve glycaemic control, at least in the short term.17, 18 Early studies suggested that the risk of developing complications could be reduced four-fold by appropriate diabetes self-management education (DSME).19 

Providing people with diabetes with access to structured DSME at diagnosis, with annual reinforcement thereafter, was thus incorporated into national guidelines.20 The National Institute of Health and Care Excellence (NICE) included structured education in the clinical guideline for T2DM in 200921 and in the quality standard for diabetes in adults in 2011.22 However, uptake remained low, with data from the National Diabetes Audit suggesting that only 7.6 per cent of people with diabetes reported being offered structured education in 2009–10 and 10.3 per cent in 2010–11,23 with even fewer attending. 

Reasons for this low uptake were thought to include provider difficulties in implementing and resourcing high quality education programmes, and patient difficulties in attending available programmes.24, 25 The dominant model for self-management education is group-based education, usually offered over one full day or two half-days. Attending groups may be difficult for people who work, have family or caring commitments, or simply do not like groups. Moreover, patient needs evolve with time; for example as changes are made to their medication (such as higher doses or additional or different drugs), or as they develop complications. These events are likely to bring new information needs, and may be associated with further emotional distress. 

[bookmark: _Toc355448021]Potential benefits of web-based diabetes self-management education
The web appeared to have considerable potential to improve access to, and uptake of, DSME. Internet access in the UK in 2011 was 73 per cent,26 having increased year on year with an expectation of continued growth; indeed latest estimates suggest 86 per cent of households had internet access in 2015.27 

Computer and web-based interventions were known to have specific advantages, including convenience (accessible at any time), anonymity (important to people with a stigmatised condition such as T2DM), and easy updating. A particular potential benefit appeared to be the ability to provide the entire range of support needed for a person’s illness journey, from diagnosis to end-stage disease. Good design could ensure that users accessed only the information and services needed at that time, but as needs evolved, they could find resources to match. The processing power and connectivity of desktop, laptop or handheld computers and smart phones allowed for interactive, tailored interventions, responding to data entered by users with individualised information and advice. Such interventions could provide support for behaviour change,(28-31) improve mental health and emotional distress(32-35) and offer peer support.36 There was evidence to support their use in long-term conditions (LTCs),37 including in diabetes,38 asthma,39 and hypertension.40 

[bookmark: _Toc355448022]Potential pitfalls of web-based diabetes self-management education
Even at the time this grant was conceived (2009–10) it was clear that the potential benefits of web-based self-management interventions were hard to achieve, and that there were a number of pitfalls. Challenges that were particularly evident were: 

1. Low rates of uptake and usage of such interventions;41, 42 
Very variable effectiveness between different interventions, with no real understanding of the causes for this;43, 44
Significant problems with implementation of digital interventions, with, at that time, almost no examples of their successful integration into routine health care;45
The digital divide: the divide between those who did and did not use digital technologies.46

This programme of work was undertaken with these challenges in mind. The process of developing the self-management programme was designed to optimise uptake and use, while maximising the likelihood of effectiveness and future implementation into routine NHS services.

[bookmark: _Toc355448023]Addressing the challenges
[bookmark: _Toc355448024]1. Low uptake and usage 
We tackled the problem of low uptake and low usage in several ways. Firstly, we followed the principles of participatory design and heavily involved members of the target user population in development of the intervention. The aim of participatory design is to ensure that the intervention meets user requirements and is appealing and easy to use. 

As the intervention was designed to be used by people with T2DM in partnership with their HCPs, we defined the target population as people with T2DM and the HCPs with responsibility for them, including general practitioners (GPs), practice nurses, specialist diabetes nurses, consultants in diabetes medicine and dieticians. 

This involvement was a three-stage process: first, we undertook qualitative work with patients and HCPs to identify “wants and needs” for such a programme; secondly we recruited patients and professionals to contribute on an ongoing basis to the intervention’s development, including decisions on content, look and feel, tone, navigation and functionality. Finally, we undertook user testing of the intervention, asking patients and HCPs to review the programme and identify errors in content, bugs or glitches in functionality, and problems with design or navigation. This process is described in detail in Chapters 4 to 6.

Secondly, we thought that uptake and use would be enhanced by ensuring that the self-management programme was integrated into people’s routine health care, and seen by patients and HCPs as an integral part of the total care package. Previous data had shown that patient-centred clinician communication improves diabetes self-management behaviours.47, 48 Educational and self-help programmes that are actively supported by clinicians can improve health outcomes for people with LTCs49 and in people with low health literacy, the impact of written material is increased by verbal recommendations from the HCP.50 Thus we conceived of the intervention as a web-based programme together with interactions between HCPs and patients around the programme (Figure 2). 

We thought there were at least three ways in which HCPs could promote the programme to patients: firstly, by introducing them to the programme, explaining how it could help them with managing their diabetes and achieve better health status and quality of life, and providing some initial training. Secondly, we thought phone calls would help to encourage uptake and use of our self-management programme, particularly when patients were new to it and might need a bit of encouragement or help. This was based on experience from the Improving Access to Psychological Therapies programme, which facilitated access to computerised cognitive behavioural therapy (CBT) through graduate mental health workers who first introduced patients to specific computerised CBT programmes, and then telephoned them regularly to encourage adherence to the programme. Thirdly, we hoped that HCPs would refer to our self-management programme in consultations, for example when discussing care plans with patients, or by reviewing any self-monitoring data the patient had entered into the programme. 

One inference of this approach of integrating our programme into routine health care was that some linkage between the self-management programme and the patient’s EMR would be useful, and such a linkage formed part of our original grant application.

[image: \\ad.ucl.ac.uk\home\rmjlkpa\DesktopSettings\Desktop\Figure 1. Overview of intervention.png]
[bookmark: _Toc355446876]Figure 2: The intervention — not just a computer programme

[bookmark: _Toc355448025]2 and 3: Variable effectiveness and problems with implementation
At the time we wrote the grant and developed the intervention, relatively little data existed to explain why some web-based interventions were effective and others were not.43, 44 What little existed supported the expectation that interventions that were based on theory were more likely to work than those that were not. In light of this, and following Medical Research Council (MRC) guidance for development of complex interventions (Figure 3),51, 52 we adopted a strong theoretical framework to guide the development of the intervention. We also followed best practice in using theory to guide us in considering implementation from the outset, aiming to ensure that the intervention was maximally “implementable” and would fit easily into existing NHS structures and workflows. 

[image: ]
[bookmark: _Toc355446877]Figure 3: Medical Research Council framework. Reproduced from Craig et al 2008(53)

We used three theoretical frameworks or approaches to guide us:

1. Corbin and Strauss’ model of the work of managing an LTC;54
Abraham and Michie’s taxonomy of behaviour change techniques (BCT);55
Normalisation Process Theory (NPT);56

We worked within the paradigm of evidence-based medicine, identifying and applying the best available evidence for treatment of diabetes and for any decisions made during development (e.g. around maximising acceptability, uptake, usage, and effectiveness).

[bookmark: _Toc355448026]Corbin and Strauss’ model for managing a long-term condition
In their seminal work “Unending work and care” published in 1988, Corbin and Strauss conceptualised the work of living with an LTC as consisting of three tasks: medical management; role management and emotional management.54 Medical management consists of adopting healthy behaviours (e.g. not smoking, exercising regularly, eating healthy food), working with health professionals (e.g. keeping appointments, following instructions), and taking medicines. Emotional management entails addressing the powerful negative emotions associated with being diagnosed with an LTC, such as anger, guilt, shame and despair. Role management requires coming to terms with the disruption of one’s biographical narrative and sense of self,57, including adjusting to the “patient” role and managing the impact of one’s diagnosis on relationships with friends, family and colleagues. This conceptualisation was used to create a map of the overall content required in the self-management programme.

[bookmark: _Toc355448027]Abraham and Michie’s taxonomy of behaviour change techniques
The Corbin and Strauss model and conventional diabetes education curricula both stress the need for behaviour change as part of self-management. For people with T2DM, the key target behaviours are to stop smoking (for smokers), improve their diet, increase physical activity, moderate alcohol consumption, and take medicines. 

There are a plethora of psychological theories predicting behaviour, many of which include overlapping concepts.58 Rather than opt for one specific theory, and because we were more interested in changing behaviour than predicting it, we adopted the Abraham and Michie taxonomy of BCT.55 This taxonomy identified techniques used to change behaviour, and there is a growing body of evidence around which techniques are effective.(59-61) One advantage of this taxonomy was that it allowed for those components likely to lead to the desired behaviour changes to be implemented elsewhere.62

[bookmark: _Toc355448028]Normalisation Process Theory
NPT is a mid-range sociological theory that explains why interventions do or do not “normalise”, that is become integrated into routine practice.56 It focuses on the work of implementation, integration and embedding new practices, ways of working or other interventions. It has four main constructs: coherence; cognitive participation; collective action; and reflexive monitoring (Figure 4). 

Coherence refers to the ease with which the intervention can be described, understood, and distinguished from other interventions or practices. This construct also includes an understanding of the problem which the intervention is designed to address, how the intervention could benefit its target population, and what work will be needed for these potential benefits to be realised. Cognitive participation is about the decision whether or not to participate in the intervention. This will include an assessment of the relative benefits of participation (to patients, professionals or the health care system) weighed against the costs of participation, in particular the expected impact on workload. Collective action is about the impact of the intervention on the work undertaken by professionals within the organisation; and reflexive monitoring is the process of considering whether the benefits of the intervention are worth the effort required to implement it. Within this construct is the possibility of altering or adapting the intervention to make it easier to implement in any given setting or organisation.

In turn, collective action has four subsidiary constructs: interactional workability; relational integration; skill-set workability; and contextual integration. Interactional workability refers to the degree to which the intervention facilitates or impedes the work of professional–patient interactions (consultations). Relational integration is the degree to which the intervention promotes or hinders good communication and relationships between different professional groups, including the degree to which accountability and responsibility are aligned. Skill-set workability refers to the degree to which the intervention fits with existing skill sets or roles and the amount of training required to use the intervention. Finally, contextual integration is about the degree to which the intervention fits with existing policies, priorities and practices within the organisation. 

NPT predicts that interventions that improve consultations, promote good relationships between professionals with accountability and responsibility well aligned, which need little training and fit well with organisational priorities are more likely to normalise than those which have do not.

Applying NPT to the development process meant that we were mindful of the following needs:
1. The final self-management programme should be easily described, easy to differentiate from other programmes, and have clear benefits;
It should fit with organisational and professional priorities, including enabling people with T2DM to self-care, reducing demand on professional time, adhering to NICE guidance, and being accessible to a wide range of people;
It should fit easily into existing working practices and be compatible with existing technology;
It should make consultations between HCPs and patients easier and more productive, and should be very easy to use.
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Do I want to take part? (Cognitive participation)
What impact will it have on work? (Collective action)
Is it worth it? (Reflexive monitoring)
Fit with existing skill sets, organisational goals and resources
Impact on consultations and relationships
Group processes and conventions
Organising structures and social norms
Does it make sense? (Coherence)

[bookmark: _Toc355446878]Figure 4: Normalisation Process Theory

Further details about how we applied NPT to the development of the intervention, and how NPT informed our implementation strategy can be found in Chapters 5, 6 and 8. 

[bookmark: _Toc355448029]Evidence-based medicine
We applied the paradigm of evidence-based medicine in two ways: first, we ensured that all the information, guidance and advice for patients in the intervention was evidence-based and compatible with NICE or other national guidelines. Secondly, we applied the best available evidence to the whole process of intervention development, drawing on data on best practice from computer science, eHealth, biomedical, health education and health services research. 

[bookmark: _Toc355448030]4. The digital divide
The term “digital divide” refers to the gap between those who do and do not have access to, or make use of, information and communication technologies.46 At the time this grant started (2011), there were marked inequalities in internet access, with age, income, educational status and health status all associated with access. Figures from the 2011 Oxford Internet Survey showed that while about 85 per cent of people of prime working age (25–55 years) used the internet regularly, only 33 per cent of those aged 65 or over did. Some 99 per cent of households with total annual household income of £40,000 or more had internet access, but only 43 per cent of households with an annual income of £12,500 or less. Internet use was around 95 per cent among people with degree level education, but only 54 per cent in those with a basic or secondary school education. The level of internet use in people with a disability was 41 per cent, while among people without a disability it was 78 per cent.26 

There was evidence that the digital divide could be overcome with appropriate infrastructure, resources, training and design of interventions. Infrastructure requirements included provision of access to the internet, and the UK has benefitted from a policy environment which promoted universal access. For example, most public libraries provide up to one hour per day per user of free access to an online computer, and many local authorities fund community cluster rooms with associated training opportunities.63 Provision of appropriate resources and training has been shown to enable diverse disadvantaged populations to make meaningful use of internet resources, including homeless drug users,64 vulnerable elderly people,65 parents of children attending early learning centres66 and people with cardiovascular disease67 or HIV/AIDS68 from under-served communities. 

We took a multi-pronged approach to attempting to narrow the digital divide and so ensure that our proposed intervention would be used by people from diverse socio-economic backgrounds. We thought that people would be more likely to use the programme if it were recommended by trusted HCPs and integrated into routine care. Our previous research had shown that even short training sessions could enable some people not used to using computers to use well-designed web-based interventions,69 although some people needed ongoing support. We thought ongoing engagement would be promoted by HCPs referring to the programme in consultations. Finally, we aimed to ensure that the intervention could be easily used by people with low literacy or computer literacy skills, by aiming for intuitive navigation, liberal use of graphics, text written for a reading age of 12, and ensuring that key information was provided in video format as well as text. 

[bookmark: _Toc355448031]Patient and public involvement (PPI)
The entire programme of research had very strong PPI input. This started with the initial development of the grant application, with a named PPI co-investigator and two named PPI collaborators. These PPI were equal partners in the research team, contributing equally to the decisions made during the programme. All three were members of the overall steering group for the programme. In common with our other co-investigators and collaborators, circumstances changed for some of these key PPI, leading to their resignation from the programme. In each case, they were replaced. In addition to the overall steering group, each individual work package had a project management group. Each project management group had at least one, and usually two PPI members, who contributed to the oversight and conduct of the project on an equal footing with the other members of the management group. There was PPI membership of both the trial management group and the trial steering committee. As members of project and trial management groups, and trial and overall steering committees, PPI contributed to discussions on recruitment, data collection, data analysis and interpretation of data, and to dissemination. All recruitment and participant-facing materials were designed in collaboration with our PPI, and revised in accordance with their input. Our PPI collaborators are listed in the acknowledgements at the end of this document. They were recruited through advertisements and publicity in diabetes networks, with interested applicants sent job descriptions and person specifications. We held interviews with applicants to clarify what was required, select appropriate candidates, and match successful applicants to available roles. This process was repeated at various points during the programme, as individual PPI left or moved on. For the development of the intervention, we recruited a much larger group of PPI. This is described in detail in Chapter 6. 

[bookmark: _Toc355448032]Context changes since grant awarded
[bookmark: _Toc355448033]Health and Social Care Act 2012
There were a number of significant changes in context between the time that funding for our programme of research was confirmed (2010) and its completion (2016). By far the biggest of these was the Health and Social Care Act 2012, described as the “biggest single reorganisation”70 and the “longest and most complex piece of legislation” in the history of the NHS.71 

Among its many components was the abolition of primary care trusts (PCTs) and strategic health authorities, which had been responsible for commissioning services. PCTs were replaced by clinical commissioning groups (CCGs), which were intended to control around 60 per cent of the NHS budget, be led by GPs supported by other clinicians and managers, and were tasked with meeting the needs of their populations. 

This reorganisation resulted in huge workloads for those involved as they struggled to come to terms with new priorities and responsibilities, evolving structures and changes in personnel. This was often accompanied by uncertainty about roles and responsibilities, loss of existing staff with relevant expertise and loss of organisational memory.(72-74)

This massive reorganisation occurred at the same time as the NHS entered a period of significant financial austerity. After a period of year-on-year growth in budget, the NHS was charged with making financial savings of £20 billion over 5 years from 2011–15 while maintaining (or improving) the quality of the service.75 This required efficiency savings of around 4 per cent per year, compared to maximum previous efficiency savings of around 2 per cent per year. It was recognised that meeting this “unprecedented challenge” would require new ways of working, with an emphasis on reducing hospital admissions for people with LCTs, as well as a pay freeze for NHS staff.75

Not entirely coincidentally, English general practice was at the same time entering a period of “crisis”,76 with a rapidly rising workload due to increased numbers and complexity of consultations but no concomitant rise in HCP numbers and static or falling incomes.77, 78 As a result, practices were under enormous pressure. Many were unable to fill vacant clinical posts (both doctors and nurses were hard to recruit), leading to excessive workloads for remaining clinicians.79 This was reflected in long waiting times for appointments, and many GPs reporting low morale, burn out and resistance to change.79 Although some practices showed considerable resilience, others went into a spiral of decline.76 

This turbulent background had a considerable impact on our research, particularly when it came to implementing the self-management programme into routine care (see Chapter 9).

[bookmark: _Toc355448034]Closure of the Medical Research Council General Practice Research Framework
Our original application included an individually randomised controlled trial of the intervention, to be run in primary care. At the time the proposal was submitted, we had a close collaboration with the MRC General Practice Research Framework (GPRF), and had designed the trial with the resources and expertise of the GPRF in mind. GPRF practices had trained research nurses available to participate in studies, and we therefore designed a study which was predicated on unblinded practice nurses undertaking clinical tasks and delivery of the intervention, and blinded research nurses undertaking research tasks, including data collection. 

However, in 2012 the GPRF was subsumed into the wider National Institute for Health Research Primary Care Research Network (NIHR PCRN). The PCRN operated a different model of supporting primary care research, with resources focused on promoting recruitment. Most PCRN hubs did not have the resources available to support data collection. This had quite an impact on the feasibility of the trial, and although in the end we were able to recruit sufficient practices and exceed our planned sample size, there were a number of challenges en route, which required us to show agility and adaptability (see Chapter 7). 

[bookmark: _Toc355448035]Changes to the Quality and Outcomes Framework
In 2013, the Quality and Outcomes Framework (QOF) was changed to include an incentive for GPs to refer people newly diagnosed with diabetes to structured education within 9 months of diagnosis. This had an immediate impact on referral rates, which rose from 15 per cent in 2012 to 75 per cent in 2014. Our programme was not designed as “structured education” for newly-diagnosed people, but rather as ongoing self-management support for people throughout their illness journey. This mismatch between policy and our intervention affected our research, and required us to adapt some of our original ideas. In particular, it led us to develop an additional structured component to our intervention, aimed at newly diagnosed people (see Chapter 3).


[bookmark: _Toc355448036]Chapter 3: Aims, objectives and additional work undertaken
[bookmark: _Toc355448037]Chapter summary
This chapter describes the aims and objectives of the programme grant and outlines the methods used to address each objective. We were fortunate to be able to undertake a number of studies additional to those originally planned, and these are also outlined here.

[bookmark: _Toc355448038]Aims and objectives
The overall aim of this programme grant was to develop, evaluate and implement a web-based self-management programme for people with T2DM (at any stage of their illness journey), with the goal of improving access to, and uptake of, self-management support, and hence improving health outcomes in a cost-effective manner. Particular attention was paid to working with users (patients and HCPs) to identify and meet user “wants and needs”; overcoming the digital divide; and ensuring “implementability”.

Specific objectives can be grouped under the headings Development, Evaluation and Implementation as follows.
[bookmark: _Toc355448039]Development
1. Determine patient perspectives of the essential and desirable features of the intervention (wants and needs);
2. Determine HCP perspectives of the essential and desirable features of the intervention which would encourage uptake and use in the NHS;
3. Determine the overall content and function of the intervention;
4. Determine the optimal facilitation required to encourage use of the intervention;
5. Determine feasibility, acceptability and short-term effects of facilitated access to the intervention in a naïve population.
[bookmark: _Toc355448040]Evaluation
6. Determine the effect of the intervention on clinical outcomes and health-related quality of life (HRQoL) in people with T2DM;
7. Determine the incremental cost-effectiveness of the intervention compared to usual care from the perspectives of health and personal social services and wider public sector resources.
[bookmark: _Toc355448041]Implementation
8. Implement the intervention in two PCTs (later redesignated as CCGs);
9. Determine the uptake, use and effects of the intervention in an unselected population in routine care;
10. Determine factors that inhibit or facilitate integration into existing services and use of the intervention;
11. Determine the resources needed for effective implementation.

[bookmark: _Toc355448042]Methods
The programme grant application described five work packages (WPs) which together addressed all 11 objectives. Table 1 shows how each WP related to the objectives.

The first 2 years of the grant (March 2011 to February 2013) were dedicated to developing the self-management programme. This work was divided into three WPs: WP A focused on ascertaining patient wants and needs for the programme; WP B on identifying HCP wants and needs; and WP C on the design and development of the self-management programme itself, which was called Healthy Living for People with type 2 Diabetes, or HeLP-Diabetes.

The last 3 years of the grant focused on evaluation and implementation, with two WPs running in parallel: WP D was an individually randomised controlled trial in primary care, while WP E was an implementation study in two CCGs. Both these studies started on time in March 2013. WP E completed on time, but delays in recruitment in the trial (WP D) led to a request for a 6-month no-cost extension. With this extension we were able to recruit the required sample size, complete 12 month follow-up, and analyse and disseminate the results.
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[bookmark: _Toc355447299]Table 1: Relationship between objectives, methods and outputs for the five work packages
	WP
	Objectives
	Design
	Output

	A
	1. Determine patient wants and needs.
4. Determine optimal facilitation to encourage use of intervention.
	Qualitative study, using focus groups and individual interviews with a diverse range of people with T2DM.
	Understanding of patient wants and needs from such an intervention, illustrated with examples of good and bad practice.
Information on why, when and how people thought they would use such an intervention, and what would encourage them to use it. 

	B
	2. Determine HCP perspectives of essential and desirable features.
4. Determine optimal facilitation to encourage use of intervention.
	Qualitative study, using focus groups and individual interviews with HCPs caring for people with T2DM in primary and secondary care.
	Understanding of content that HCP want to see, benefits and problems they foresee, and how they envisaged using it in routine practice.
Information on what degree of facilitation or support GPs thought would be feasible to offer routinely in primary care.

	C
	3. Determine content and function of intervention.
5. Determine feasibility, acceptability and effects of intervention. 
	Participatory design, working with research team, people with T2DM, HCPs, software engineers and web designer to determine and create content, navigation and functionality. All decisions underpinned by theory and evidence. Usability testing and piloting.
	Acceptable, comprehensive and comprehensible self-management programme, called HeLP-Diabetes. 

	D
	6. Determine effect of intervention on patients.
7. Determine cost-effectiveness.
	Individually randomised controlled trial in primary care. 
	Data on the impact of HeLP-Diabetes on diabetes control (glycated haemoglobin or HbA1c), diabetes-related distress (PAID or Problem Areas In Diabetes score), Quality Adjusted Life Years (QALYs) and service use.

	E
	8. Implement HeLP-Diabetes in two PCTs.a
9. Determine uptake.
10. Determine inhibiting or facilitating factors.
11. Determine resources needed for effective implementation.
	Mixed methods implementation study. 
	Data on adoption, uptake and use of HeLP-Diabetes by CCGs,a practices, and patients.
Data on impact of HeLP-Diabetes on people with T2DM outside of trial setting.
Data on costs and resources required for different models of implementation and associated advantages and disadvantages.


a PCTs were replaced by CCGs in the Health and Social Care Act 2012 
[bookmark: _Toc355448043]Additional studies undertaken
Some of the (many) advantages of having a programme grant were the financial stability and duration of funding. This allowed for long-term planning and enabled the core University College London (UCL) team to attract a number of additional students and fellows who worked alongside, contributing to the main body of work and undertaking additional projects. These additional studies are outlined here and included:

1. Development and formative evaluation of a cardiovascular risk calculator for people with T2DM;
1. Impact of HeLP-Diabetes on psychological wellbeing of patients with T2DM: a mixed methods cohort study;
1. Systematic review of technological prompts to improve engagement with digital health interventions;
1. Use of email and short message services (SMS) to improve engagement with HeLP-Diabetes;
1. Implementation of eHealth interventions: an update of a review of reviews;
1. Development and formative evaluation of a structured education programme for newly diagnosed patients with T2DM: HeLP-Diabetes: Starting Out;
1. Development of a digital T2DM prevention programme: HeLP Stop Diabetes.

In addition, the overall programme of work generated three Doctorates of Philosophy (PhDs) and one Doctorate in Clinical Psychology. One PhD was undertaken by co-investigator Dr Kingshuk Pal, an academic GP. His PhD focused on the development of HeLP-Diabetes; his thesis was submitted in 2016 and he passed his viva with minor corrections. The second was undertaken by Jamie Ross. Her thesis was based on the implementation study in WP E, and she successfully submitted and passed her viva with minor corrections in 2016. The third was undertaken by Ghadah Alkhaldi, whose PhD studentship was funded by the Saudi Cultural Bureau. Her thesis focused on the promotion of user engagement with digital health interventions, using HeLP-Diabetes as an example. Her thesis was also submitted in 2016 and she too passed her viva with minor corrections. The Doctorate in Clinical Psychology was undertaken by Megan Hoffman and her doctorate was awarded in 2014. The empirical part of the doctorate explored the impact of HeLP-Diabetes on emotional wellbeing in people with T2DM.

[bookmark: _Toc355448044]1. Development and formative evaluation of a cardiovascular risk calculator for people with type 2 diabetes
Dates: 2012–13.
Lead: Dr Tom Nolan, GP academic registrar.
Collaborators (additional to programme grant co-investigators and UCL team): Professor David Spiegelhalter, Winton Professor of Public Understanding of Risk, Statistical Laboratory, Centre for Mathematical Sciences, University of Cambridge; and Mike Pearson, Statistical Laboratory, Centre for Mathematical Sciences, University of Cambridge.
Additional funding: None.

[bookmark: _Toc355448045]Background
As part of our overall goal of enabling people with T2DM to understand the risks of diabetes and the benefits of self-management and medication, we thought it helpful to develop a risk calculator for people with T2DM and explore its effects on their understanding of their personal risk and the impact this had on their motivation to manage their diabetes.

The calculator would provide users with an easily understandable presentation of their personal risk, along with estimates of how this risk could be reduced, e.g. by stopping smoking, losing weight, becoming more active, or taking medication. The underlying intention was to motivate users with the thought that it might also help them to prioritise one particular behaviour (e.g. taking prescribed medication, or becoming more active).

As Winton Professor of Public Understanding of Risk, David Spiegelhalter had tremendous expertise in presenting risk in a comprehensible format, as well as an interest in exploring the impact of such risk presentation. Together with Mike Pearson he had recently developed a cardiovascular risk calculator for people without diabetes, and was interested in collaborating with us to develop a similar calculator for people with T2DM.

[bookmark: _Toc355448046]Method
There were three components to this study:

1. Developing the risk estimates, based on United Kingdom Prospective Diabetes Study (UKPDS) data. Dr Michael Sweeting, the grant statistician, undertook this, adapting methods developed by Professor Spiegelhalter. We worked with T2DM patients to identify which potential risk factors were of most interest to users.
20. Transferring the algorithms and risk estimates into an online risk calculator, which captured data entered by users and used this to provide personalised estimates of risk. We followed best practice according to the literature in how these risk estimates were presented, and worked with users to optimise navigation and usability.
21. Undertaking qualitative evaluation with users to explore understanding and impact of the risk information.

[bookmark: _Toc355448047]Outcome
Despite following accepted best practice and making every effort to ensure that the information presented was readily comprehensible, our evaluation showed that users struggled to understand their personal risk. Moreover, even when personal risk was understood, user reactions were complex and overall were unlikely to lead to desired changes in behaviour. In light of this, the risk calculator was not included in the final HeLP-Diabetes intervention.

[bookmark: _Toc355448048]2. Impact of HeLP-Diabetes on psychological well-being of patients with type 2 diabetes: a mixed methods cohort study
Dates: 2012–14.
Lead: Megan Hoffman, Doctorate of Clinical Psychology student. Doctorate awarded in 2014.
Collaborator (additional to programme grant co-investigators and UCL team): Professor Chris Barker, Professor of Clinical Psychology, Department of Clinical, Educational and Health Psychology, UCL.
Additional funding: None.

[bookmark: _Toc355448049]Background
Megan Hoffman was a student on the doctoral clinical psychology course at UCL. She was interested in the psychological wellbeing of people with T2DM, and exploring whether HeLP-Diabetes could improve wellbeing.


[bookmark: _Toc355448050]Method
Ms Hoffman undertook a single-arm mixed methods study in primary care, recruiting patients with T2DM and facilitating their use of HeLP-Diabetes. She collected quantitative and qualitative data at baseline and after 6 weeks. Quantitative data comprised self-completed validated outcome measures for diabetes-related distress (PAID scores); depression and anxiety on the Hospital Anxiety and Depression Scale (HADS); and scores on the diabetes management self-efficacy scale (DMSES). Qualitative data comprised semi-structured interviews: participants were asked at baseline about their current problems with diabetes and what help they would like, and at follow-up whether the intervention had made any difference, and which parts they had found particularly helpful or unhelpful.

[bookmark: _Toc355448051]Outcomes
The planned sample size (n = 19) was recruited; participants showed a statistically significant reduction in diabetes-related distress, (mean (standard deviation (SD)) scores at baseline = 26.32 (20.88) and at 6 weeks 20.94 (16.53); p = 0.04). Qualitative data showed that, overall, participants found the intervention helpful. Negative impacts related to feeling guilty about non-use.

[bookmark: _Toc355448052]3. Systematic review of technological prompts to improve engagement with digital health interventions
Dates: 2013–15.
Lead: Ghadah Alkhaldi, Doctorate of Philosophy (PhD) student. PhD awarded in 2016.
Collaborator (additional to programme grant co-investigators and UCL team): Dr Fiona Hamilton, NIHR Lecturer in Primary Care, Research Department of Primary Care and Population Health, UCL.
Additional funding: PhD studentship funded by the Saudi Arabian Cultural Bureau.

[bookmark: _Toc355448053]Background
A well recognised problem with digital interventions is lack of engagement. Although this can be overcome by human facilitation, this increases costs and may undermine the economic arguments for digital interventions. Hence there is an interest in exploring the extent to which automated prompts can improve engagement. Ghadah Alkhaldi joined the UCL team as a PhD student and focused her PhD on the use of automated or technological prompts to increase engagement with HeLP-Diabetes. As part of this she undertook a systematic review to determine what impact such prompts could have with engagement.

[bookmark: _Toc355448054]Method
Ms Alkhaldi used standard (Cochrane) systematic review methods, with systematic searching, double screening of abstracts and full papers, and independent checking of data extraction.

[bookmark: _Toc355448055]Outcomes
Technological prompts such as email and SMS can have a small positive impact on engagement, but there were insufficient data to determine optimal content, frequency or mode of delivery of such prompts.

[bookmark: _Toc355448056]4. Use of email and SMS to improve engagement with HeLP-Diabetes: two randomised controlled trials
Dates: 2014–16.
Lead: Ghadah Alkhaldi, PhD student. PhD awarded in 2016.
Collaborator (additional to programme grant co-investigators and UCL team): Dr Fiona Hamilton, NIHR Lecturer in Primary Care, Research Department of Primary Care and Population Health, UCL.
Additional funding: PhD studentship funded by the Saudi Arabian Cultural Bureau.

[bookmark: _Toc355448057]Background
Following her systematic review, Ms Alkhaldi explored how best to use email and/or SMS to improve engagement with HeLP-Diabetes.

[bookmark: _Toc355448058]Methods
Ms Alkhaldi employed mixed methods, initially developing email prompts and newsletters in collaboration with our user panel then using quantitative data to identify which prompts or newsletters were associated with increased numbers of visits to HeLP-Diabetes. Subsequent “think aloud” interviews explored which features or prompts were particularly attractive or compelling. Finally, two RCTs were undertaken to test the hypotheses generated by the qualitative interviews.

[bookmark: _Toc355448059]Outcomes
Prompts and newsletters had a small positive impact on engagement, but it was not possible to identify the characteristics of effective prompts compared to ineffective ones.

[bookmark: _Toc355448060]5. Implementation of eHealth interventions: update of a review of reviews
Dates: 2014–16.
Lead: Jamie Ross, research associate (RA) and PhD student, supervised by Professor Elizabeth Murray and Dr Fiona Stevenson. PhD awarded in 2016.
Collaborator: Rosa Lau, PhD student.
Additional funding: None.

[bookmark: _Toc355448061]Background
A systematic review of reviews of factors influencing implementation of eHealth interventions had been completed in 2009. A very large number of studies had since been published, including a large number of additional systematic reviews; however most focused on specific eHealth topics or types of intervention. We therefore undertook an update of the original review of reviews.

[bookmark: _Toc355448062]Methods
Ms Ross conducted a systematic review of reviews.

[bookmark: _Toc355448063]Outcomes
The field had moved on very considerably in the intervening years, in terms of both the quality of available reviews and the insights generated. The available data fitted well with the recently developed Consolidated Framework for Implementation Research.

[bookmark: _Toc355448064]6. Development and formative evaluation of a structured education programme for newly diagnosed patients with type 2 diabetes: HeLP-Diabetes: Starting Out
Dates: 2014–16.
Lead: Shoba Poduval, academic GP fellow
Collaborators (additional to programme grant co-investigators): Helen Gibson and Rebecca Owen, diabetes specialist nurses.
Additional funding: National School of Primary Care Research (NSPCR) funding round 9.

[bookmark: _Toc355448065]Background
During the implementation study (WP E), it became clear that although both people with T2DM and HCP appreciated the support across the whole of the illness journey provided by HeLP-Diabetes, a slimmer, more structured intervention was needed for newly diagnosed people. GP incentives from the QOF were limited to referral to structured education, and referral to programmes accredited by the Quality Institute for Self-Management Education and Training (QISMET) was preferred. QISMET accreditation was available only to programmes with a structured curriculum and clear learning goals. In light of this, we decided to develop a structured education programme, based on HeLP-Diabetes, but amended for use by newly diagnosed people and augmented by email and telephone support to improve uptake and completion rates.

[bookmark: _Toc355448066]Methods
We worked with patients and diabetes nurse educators to develop a structured education programme based on HeLP-Diabetes. Its curriculum addressed the three core tasks identified by Corbin and Strauss (medical, emotional and role management) while also meeting NICE and QISMET guidance for content of diabetes structured education programmes. This was iteratively user-tested and piloted, with revisions made after each cycle of testing.

[bookmark: _Toc355448067]Outcomes
HeLP-Diabetes: Starting Out is a structured education programme consisting of four mandatory sessions with an optional fifth and final one. Each session contains three or four modules, with each module taking 10–15 minutes to work through. Users are encouraged to proceed through one session per week, working through as many modules as they choose at each sitting. Email and telephone support is provided by specialist diabetes nurse educators to promote engagement. We are currently seeking further funding to undertake a feasibility study and then a Phase 3 RCT.

[bookmark: _Toc355448068]7. Development of a digital diabetes prevention programme: HeLP Stop Diabetes
Dates: 2016–18.
Lead: Marie-Laure Morelli, academic GP trainee.
Collaborator (additional to programme grant co-investigators): Paulina Bondaronek, PhD student.
Additional funding: NSPCR funding round 11.

[bookmark: _Toc355448069]Background
With the rapid increase in prevalence of diabetes, prevention became a national priority. Initial commissioning of T2DM prevention programmes has focused on face-to-face or group-based programmes; however, these are expensive and it is unclear what the uptake will be. A digital T2DM prevention programme could offer a cost-effective alternative to group-based programmes, and might improve uptake. In light of this potential, we are undertaking preliminary work to explore the acceptability, feasibility and desirable content of a digital intervention to prevent diabetes in high-risk individuals.

[bookmark: _Toc355448070]Methods
We will conduct qualitative interviews and focus groups to determine user requirements for a digital T2DM prevention programme.

[bookmark: _Toc355448071]Outcomes
This work has been seriously delayed as a result of the reorganisation of the Health Research Authority, such that it took 10 months to obtain ethical and research governance approvals. Dr Morelli will be on maternity leave until September 2017 and the work will restart on her return.


[bookmark: _Toc355448072]Chapter 4: What do people with type 2 diabetes want and need from a web-based self-management programme?
[bookmark: _Toc355448073]Chapter summary
Chapter 4 reports on a qualitative study which aimed to determine patient perspectives of the essential and desirable features of a web-based self-management programme for people with T2DM, including features that would encourage use, such as access to their EMR and facilitation by HCPs.

We undertook focus groups with a maximum variety sample of people with T2DM. Participants in focus groups were shown three existing diabetes self-management websites, selected to illustrate a range of features, and then asked to consider what they liked or disliked about each programme, as well as what would be included in an ideal programme. A thematic analysis of this data was used to clarify the necessary and desirable content, functionality and approach of our proposed intervention. We subsequently undertook a more deliberative approach, exploring underlying experiences and the meaning ascribed to them by participants.

The four focus groups had a total of 20 participants. A strong shared sense of the overwhelming burden that the diagnosis of diabetes placed on participants underpinned all the data generated; it had had severe negative impacts on their emotional wellbeing, work, social life and physical health. Although participants’ experience of health care services varied, there was agreement that even the best services were unable to meet all users’ needs, and that a web-based self-management support programme could therefore be extremely useful in meeting these unmet needs. 

Participants had clear views about the features they would want or need from such a programme, as well as the features that would help generate trust and encourage engagement. They also clearly identified features that would be off-putting and lead to disengagement. These views informed the development of HeLP-Diabetes.

[bookmark: _Toc355448074]Background
The rationale for focusing on T2DM and for considering a web-based self-management programme has been described in Chapter 2. Here we describe the rationale for the study objectives and the selected methodology.

[bookmark: _Toc355448075]Rationale for study objectives
Establishing user requirements for any proposed intervention is a necessary first step.80 We conceptualised these requirements as “wants and needs”, where wants are features that users actively desire and would make them want to use the intervention, while needs are features that evidence suggested would improve health outcomes. 

We postulated that combining wants with needs should combine the attractiveness and appeal of many commercial digital interventions (including games) with the effectiveness of face-to-face interventions. As an example, there was evidence from the literature that forums, where users could interact online, were associated with increased use of an intervention, as people wanted the opportunity to interact with others in similar situations (a “want”). 81However, nothing suggested that this improved health outcomes.82 In contrast, improving medication adherence is likely to improve health outcomes (a “need”), but including such a facility in an intervention is unlikely to promote engagement with, and use of, the intervention. Our goal was to understand both wants and needs with a view to creating an intervention that met both, and hence was both useful and used.

We were also aware that patients and HCPs used different criteria for assessing web-based self-management interventions,83 and that HCP perceptions of patient requirements were often inaccurate.84 For example, there is evidence that HCPs overestimate patients’ concerns about complications and underestimate their concerns about dietary restrictions.85 Hence we were clear that we needed separate, parallel studies to determine patient and HCP perceptions of the essential and desirable features of such an intervention.

Previous research by Kerr et al had established some generic patient requirements for self-management interventions for LTCs.74 Kerr et al convened ten focus groups with 40 patients and carers who generated detailed quality criteria relating to information content, presentation, interactive components and trustworthiness. Participants in that study stated that information needed to be detailed, specific and of practical use. They also advised that long-term use required increasing depth of information as self-management experience increased, as well as new, up-to-date information. Participants wanted information about their condition and the treatments available, practicalities around day-to-day living (holidays, travel, eating out), local services and resources, new research and areas of scientific uncertainty, other people’s experiences, and information for family members. They felt that it was important for users to control how much information they accessed at any time, and the topic of the information. This was particularly important for “bad news”, which they did not want forced on them.

These criteria focused on the need for excellent web design, easy navigation giving intuitive and speedy access to relevant content, and an attractive appearance, using colours, graphics, videos, animations, photos and text broken up into small sections. The tone should be straightforward but not patronising; medical terms and jargon should be explained but not avoided. Criteria for interactive components were that they should be optional, use online assessments to provide tailored advice and monitoring, and include an “Ask the Expert” facility and online forum. Finally, trustworthiness was vital, and could be established and maintained by information being accurate and regularly updated, the intervention having no commercial links or advertisements, and being authored or sponsored by a known, trusted organisation such as the NHS or a local hospital or well-known university or charity.83

However, technology and web-use had changed considerably since the above research was published. Web use had become much more interactive and peer-to-peer (the so-called Web 2.0).86 Moreover, although this research had included people with T2DM, it had not specifically focused on diabetes; rather, it had looked to draw out criteria that were transferable across a range of LTCs. There were no studies in the literature that we could identify which specifically explored the wants and needs of people with T2DM for web-based self-management programmes.

As described in Chapter 2, a well-recognised limitation of web-based interventions is non-use, or high rates of attrition.41 In our original grant application we postulated that engagement with the intervention was likely to be enhanced by HCPs recommending and endorsing both initial and ongoing use. Evidence from internet cognitive behavioural therapy (ICBT) suggested that facilitated or supported use of ICBT was more effective than unsupported use.87 However, we also recognised that it is hard to change professional behaviour,88 and that HCP time is a scarce (and expensive) resource. We therefore wanted to explore with people the type of facilitation they would find useful, and what they thought was realistic.

We were also specifically interested in the possibility of linking the self-management programme with patients’ EMRs. While the work for WP A was being done, there was considerable discussion about the relative advantages and disadvantages of such access. Some pilot studies had suggested that it was feasible, did not lead to excess workload or patient anxiety, but did lead to correction of inaccurate data in the record, better informed patients and more productive consultations.(89-91) However, mainstream opinion as represented by, for example, the British Medical Association was unconvinced, citing concerns about privacy, confidentiality, causing unnecessary anxiety among patients, and resulting in additional workload for doctors.92 We wanted to explore with patients what they thought about having access to their EMR and, in particular, what information they wanted to see and why. We planned to see whether it was possible to find a solution that addressed patient wants and needs while respecting clinician concerns.

As an example of the changing context during our research programme, shortly after this study was completed, the Department of Health issued new policy, mandating that all patients should have access to their electronic record.93

[bookmark: _Toc355448076]Rationale for study methods
Two key methodological decisions were to use focus groups for data collection, and, as part of the focus groups, to show participants three existing examples of self-management websites for people with T2DM. These decisions were based on our previous experience with this methodology,83 which had proven feasible and yielded rich data. This work was in turn based on a study by Coulter et al, determining quality criteria for traditional, paper-based information materials for users.94

The use of qualitative methodology allowed participants to explore issues of importance to them, in their own words, generating their own questions and focusing on their own priorities; this was particularly important when exploring self-management and interventions to empower patients. We opted for focus groups rather than individual interviews, as we wanted participants to explore underlying reasons for differing perspectives. Group discussions can yield rich data when participants explore and clarify their views through interactions with each other.95 Group dynamics also involve many different forms of day-to-day communication, such as jokes, anecdotes, teasing, and arguing. These natural interactions may allow a more nuanced appreciation of what people know or experience, and can reveal “shared truths”.96 A disadvantage of focus groups is that some participants may find it difficult to discuss sensitive or potentially embarrassing topics such as sexual dysfunction that can be a common complication of diabetes. We therefore planned to use focus groups as our primary method of data collection, while reserving the option of individual interviews if it appeared that some topics were not being adequately addressed.

The decision to show participants three websites at the start of each focus group was based on the observation that it is much easier to critique existing interventions than to think in the abstract about what one might want. Moreover, the experience of using such interventions allowed users to think about features they looked for, even if they were not present. Our experience from our earlier work had confirmed that participants could review three websites in the time available, that with careful selection, it was possible to ensure that most of the features of interest were included in the websites presented, and that there was sufficient difference between the websites to enable participants to compare and contrast them in a fashion that generated useful data.83
[bookmark: _Toc379831818]


[bookmark: _Toc355448077]Aims and objectives
The overall aim of the study was to determine patient perspectives of the essential and desirable features of a digital self-management intervention for adults with T2DM (i.e. T2DM-specific wants and needs regarding information content, presentation, interactive components and trustworthiness). Additional objectives were to determine the optimal facilitation required to encourage use of the intervention; and to explore patient views about integrating the self-management programme with the EMR.

Data from this study contributed to the following objectives of the programme grant:

1. Determine patient perspectives of the essential and desirable features of the intervention (wants and needs);
1. Determine the overall content and function of the intervention;
3. Determine the optimal facilitation required to encourage use of the intervention;
4. Determine feasibility and acceptability of facilitated access to the intervention.

[bookmark: _Toc355448078]Methods
Design: Qualitative study using focus groups for data collection.
Ethics: Ethical approval was provided by the North West London Local Research Ethics Committee on behalf of the National Research Ethics Service. Reference 10/H0722/86.

[bookmark: _Toc355448079]Setting and participants
As our goal was to develop an intervention that appealed to a wide spectrum of the total population of adults with T2DM, we aimed to recruit a diverse sample which reflected the target population, namely adults with T2DM who could understand spoken or written English. An additional inclusion criterion was the ability to speak English in order to be able to participate in the focus group. Factors that the literature suggested were likely to influence wants and needs included demographic factors (e.g. age, gender, ethnicity, first language), clinical factors (e.g. duration of diabetes, current treatment, presence or absence of diabetes-related complications and previous experience of self-management programmes) and factors related to health and computer literacy (such as educational attainment, previous experience with computers, and access to the internet). (97-100) Hence our goal was to recruit a sample that varied across these characteristics.

To achieve this we adopted a broad recruitment strategy. We placed online advertisements on the Diabetes UK website, a local council website, a Black and minority ethnic forum, and other diabetes forums. Additionally, we advertised in “Balance” magazine, which is published bi-monthly by Diabetes UK and distributed freely to all Diabetes UK members. We distributed flyers, leaflets and posters through community support groups for people with T2DM, general practices and community diabetes clinics. Most responses were from local support groups and readers of “Balance”.

Participants who responded to the advertisements were sent an information sheet and consent form and invited to complete a questionnaire to collect the demographic, clinical and literacy factors described above. This information was used to recruit a maximum variation sample. Recruitment and data collection continued until we reached theoretical saturation, i.e. until no new data emerged in subsequent focus groups. The team met after each focus group to discuss the results and consider whether there were areas or topics which needed further probing in subsequent groups.

[bookmark: _Toc355448080]Data collection
Focus groups were run in a community centre with online computer cluster rooms in London. Focus groups lasted 3 hours and were led by at least two facilitators. Each focus group started with round table introductions of the facilitators and participants, as well as a description of the task and the structure of the session. Participants were then asked to move to the personal computers, with each participant having their own computer to use. We asked participants to visit three self-management websites for T2DM. These had been selected by the research team to demonstrate the range of interventions and component parts available. They varied in terms of content, complexity, tone, navigation and presence of interactive features such as forums, Ask the Expert or self-monitoring tools.

Participants were asked to spend 20 to 30 minutes on each site, and were given a structured note pad to jot down thoughts as they occurred. Facilitators were on hand to help participants access the three selected sites and to address any problems that arose (e.g. people with little computer experience could find some sites difficult to navigate).

Once participants had explored all three interventions, the group reconvened for some rest and refreshment before starting the group discussion. This discussion was guided by one of the facilitators, with the other observing and noting group dynamics, thinking about the emerging data, occasionally checking or following up on specific themes or ideas that seemed to be emerging, and making notes on key points. The lead facilitator followed a topic guide to steer the conversation.

This topic guide reflected the objectives of the study, and was informed by our previous work and our theoretical approaches, particularly NPT and the Corbin and Strauss model of LTC self-management. It was piloted in an individual interview with one of our patient and public involvement (PPI) representatives, and no changes were required. It started by asking participants about their overall impressions of the utility of the three sites and whether a self-management website could be useful for people with T2DM. Subsequent areas for discussion included specific likes or dislikes about the three programmes, with the reasons for these reactions, and led into a discussion on the “ideal” content and form for a new programme. 

At this point, participants were encouraged to indulge in “blue-sky thinking” and come up with ideas for features they really wanted, even if they had never seen anything similar. Participants were also asked why and when they might use such a programme, what would encourage them to use it, whether they would like to share health-related data with their HCPs, and whether they would like an HCP to facilitate use, and if so, how.

The focus groups were audio-taped, and the tapes transcribed verbatim by a professional transcription company. The transcripts were checked and corrected by the group facilitators, and the notes taken by the second facilitator were included in the data set.

[bookmark: _Toc355448081]Data analysis
Data analysis was done through iterative cycles. The first cycle of analysis was a rapid review to determine the most important content and design features and the direction of the intervention development. This was done with a multidisciplinary team consisting of an experienced medical sociologist, health psychologists and GPs. This team represented a broad range of perspectives so the coding and analysis was sensitive to the clinical, sociological and psychological context of the data. Transcripts were independently read by each researcher and themes were extracted. This analysis also formed the basis for decisions about data saturation: focus groups continued until no new data emerged regarding design or content.

The second analysis was a more in-depth exploration of people’s experiences of living with T2DM. This work complemented the analysis above as it focused on understanding the needs of patients, many of which were not currently well served by existing health or online services. The second cycle of analysis was undertaken by the same multidisciplinary team. Once again, transcripts were independently read by each researcher and important themes identified. The thematic framework was expanded to describe phenomena beyond a simple description of desirable features, and to include the full range of experiences shared by participants to provide a deeper understanding of the needs and wants which was often only implicit in the data. This led to the generation of more interpretive codes that looked at more macro level phenomena like meanings and relationships.101

The generation of codes was done inductively based on the data. The underlying sociological theory was based on Corbin and Strauss’ work on managing chronic illness at home as discussed in Chapter 2.54 The main constructs of the model were used to sensitise and encourage a holistic perspective that explored (i) the impact of T2DM on people’s day-to-day activities, relationships and emotions (life work); (ii) the burden of having to take medicines or make lifestyle changes for the medical management of the condition (illness work); and (iii) the disruption or changes to the roles that people played within their families and at work (biographical work). This model was not used to define a priori codes or categories but used as a sensitising tool to guide an inductive thematic analysis and to generate codes based on the data. These were used to define the needs of users and the themes that emerged could all be explained by the types of work described by Corbin and Strauss.

Illustrative extracts of the data are presented in the results, with identification by focus group number and participant number with their age, gender, ethnicity, duration of diabetes and computer experience.

Atlas Ti was used to manage the transcripts, coding and facilitate the final data analysis.


[bookmark: _Toc355448082]Results
[bookmark: _Toc355448083]Participant characteristics
Four focus groups were held, with a total of 20 participants. Just over half the participants were male with a mean age of 56.8 years (range 36–77 years). Almost half the participants were retired and over half had degree-level qualifications. Seventy per cent of participants (14 out of 20) were White British, but Black, Asian and Other (Iranian) ethnicities were also represented. The range of time since diagnosis ranged from 3 months to 36 years. Treatment modalities included diet only, tablets, insulin and other injectable medication. The overwhelming majority of participants had home internet access (19 out of 20) and most had used the internet to look up information about diabetes (17 out of 20). Sixty per cent of participants (12 out of 20) had been on a diabetes self-management course (Table 2).

[bookmark: _Toc355447300]Table 2: Participant characteristics (n = 20)
	[bookmark: _Toc461441871]Characteristic
	n
	%

	Gender

	Male
	12
	60

	Female
	8
	40

	Employment status

	Employed
	5
	25

	Not working but looking for work
	2
	10

	Retired
	8
	40

	Retired (semi)
	1
	5

	Not working and not looking for work
	2
	10

	Other – full-time student
	1
	5

	Other – volunteer
	1
	5

	Education

	School leaver
	4
	20

	A-Level
	5
	25

	Degree
	11
	55

	Ethnicity

	White British
	14
	70

	Black (African, Caribbean and Other)
	4
	20

	Asian (Indian)
	1
	5

	Other (Iranian)
	1
	5

	Duration of diabetes

	Less than 1 year
	2
	10

	1 to 5 years
	7
	35

	6 to 10 years
	5
	25

	More than 10 years
	6
	30

	Diabetes management

	Diet only
	3
	15

	Diet + tablets
	10
	50

	Diet + tablets + Liraglutide injection
	1
	5

	Insulin
	6
	30

	Home internet access

	Yes
	19
	95

	No
	1
	5

	Attended diabetes education

	Yes
	12
	60

	No
	8
	40

	Used the internet to look up diabetes related information

	Yes
	17
	85

	No
	3
	15



A strong shared sense of the overwhelming burden that the diagnosis of diabetes placed on participants underpinned all the data generated during the focus groups. The diagnosis had severe negative impacts on their emotional wellbeing, work, social life and physical health. Although participants’ experience of health care services varied, there was agreement that even the best services were unable to meet all users’ needs, and that a self-management website could therefore be extremely useful in meeting these unmet needs. 

Participants had clear views about the features they would want or need from such a programme, as well as features that would help generate trust and encourage engagement. They also clearly identified features that would be off-putting and lead to disengagement.

[bookmark: _Toc355448084]The burden of diabetes
Although the topic guide did not directly address the question of what it was like to be diagnosed with diabetes and the impact that this had on participants’ lives, it was clear that participants were acutely aware of the severe and constant burden that they experienced as a result of the diagnosis. This burden was described most commonly in terms of the emotional impact, but participants also consistently referred to the difficulties their diabetes caused with their social life, relationships and work. As such, the data resonated strongly with the Corbin and Strauss model of the work of living with an LTC, described in Chapter 2 (see Table 3).

[bookmark: _Toc355447301]

Table 3: Main themes and sub-themes about the work of living with type 2 diabetes described in the data set
	Level 1
	Level 2
	Level 3

	Life work and emotional management
	Negative emotions associated with living with T2DM 
	Burn-out
Denial
Indifference
Depression
Anger
Frustration
Self-blame
Guilt
Shame

	
	Triggers for negative emotions 
	Food
Seeking medical help
Lack of understanding from family members
Intrusive comments from family members

	
	Strategies for keeping a positive outlook 
	Maintaining optimism
Accept limits on control
Treat depression

	
	Sources of support 
	Caring family members
Peers

	Illness work and medical management
	Barriers posed by the health care system 
	“Tick-box” consultations
Conflicting advice
Professionals not keeping up to date
Difficulty getting appointments with GP
Difficulty accessing DSME
Poor quality information (too much, too little, too complicated, not relevant)

	
	Enablement by the health care system 
	Supportive doctors and nurses
Taking time to explain results
Timely access to DSME

	
	Low priority of illness work
	Lack of time

	
	Features patients want from access to EMR 
	Access to blood results
Access to a medical summary
Transparency and ability to correct errors
Control data sharing

	Biographical work and role management 
	Self-image
	Bereaved — loss of health
Deserving punishment
Feeling like a criminal

	
	Changes in working roles
	Lack of support for making adaptations to work roles
Impact of changing needs of patient role on working role



The following series of exchanges illustrate the data.

PT5, male, aged 55, White British, 5 years since diagnosis: [The diagnosis of diabetes] was like a bereavement. … It was just before my 50th birthday.
Facilitator: A lot of people say that, because you are, in a sense; you're grieving for the loss of your…?
PT5: Liberty. Freedom.
Facilitator: Is that what it is? Right.
PT10, male, 70, White British, 6 months: Health.
PT5: Yes.
PT10: Well, it’s more to do with the mortality business, isn't it? Without wanting to sound grim, but… (Focus group 1)

Many participants described how the demands of an illness that required them to take medication and eat regularly made it impossible for them to carry on with the work they had previously been doing.

PT11, female, 51, Black (Caribbean), 10 years: I'm a project manager so I work all hours, different hours, and it was very difficult to manage my diabetes because if I'm going to a meeting at 8 o'clock at night, or going to a meeting at 6 o'clock, whatever, or... and breaking up... it was very difficult to manage it. Employers don't really care about you're diabetic, to be honest with you. … [Y]ou do forget to eat when you're busy and you've got a meeting at 1 o'clock or 2 o'clock in the afternoon, or 12 o'clock in between your lunch break, and you can't eat in the meeting because you've got about 20 people sitting there, or whatever the case may be. … I've just given up work about four weeks ago, so it's just really hard to tell you the truth. (Focus group 2)

PT17, male, 54, White British, 8 years: They took me off shifts, because I couldn’t remember if I’d taken my pills one week, you know? One week, I’m working early and next week, I’m working lates, and then I’m working nights, and I used to go, I can’t remember if I’ve taken them or not. My manager said, that’s no use, is it? We can’t have you falling over, you know? (Focus group 3)

Also difficult was the impact of dietary changes on participants’ social and family lives. Some participants found it too hard to keep to their planned diet when out with friends or family, and would simply try to manage the consequences, whereas others would try to adhere to the changes they’d instituted, but reported negative reactions from their families.

PT16, male, 58, White British, 4 months: My wife was the only person that said anything that was reasonably sensible; she said, we're going to this person's house to eat, they need to know you're a diabetic, otherwise they're going to give you the same portions that you've always had, the same five pints of beer that you always have over lunch. (Focus Group 4)

PT11: Because we're talking about food; I mean, I go to my family, and when I say I can't eat that food, they usually think that's disrespecting them, so you've got all that as well to deal with. (Focus group 2)

Not surprisingly, given the impact that diabetes was having on their lives, participants reported strong negative emotions, which they found difficult to manage. Depression, anger, frustration and guilt were commonly felt.

PT11: Low, angry, frustrated. Everything. Because, you know, sometimes you're frustrated because the doctor hasn't told you what you want to hear. … Or you're angry with the world, and you take it out on your children, your partners, everybody. And then you've got the depression that takes you down, because you're just thinking one thing after another. So there is emotional change. (Focus group 2)

PT18, male, 36, Asian (Indian), 8 years: Stress and depression.
PT15, male, 54, White British, 7 years: Yes, depression.
PT18: And, things related to that, because I know that depression is related to that, which is something, and when you are into that depression, you think very much negative about life and all that, you know? You say that, my sugar levels are not going to get controlled anytime, whatever I do. (Focus group 3)

Contributing to the difficulties experienced by participants was the perception that other people blamed them for their illness and that the relationship between lifestyle and T2DM led to stigmatisation.

PT19, female, 64, White British, 36 years: Usually people say, oh, you must have had a bad lifestyle, something or whatever, which may be true sometimes, but it’s not the only reason… (Focus group 3)

[bookmark: _Toc355448085]Problems with existing health services, leading to unmet need
Although some participants were very appreciative of the care they had received from the health service, this was not a universal experience, with many participants reporting difficulties with access to HCPs, lack of interest or expertise among staff, and an increasing sense of a “tick-box” culture, where problems were recorded but not addressed. Even participants who were positive about their care reported a feeling of never having enough time in consultations.

PT10, male, 70, White British, 6 months: I've been very fortunate with my practice in [location] because they've given me a huge amount of support actually in terms of information gathering. But I understand that you've only got to be a couple of miles down the road and you get nothing at all. And even if you ask the questions, the doctors feel that you're taking up their time, and in fact that's true of all doctors, I appreciate that. (Focus group 1)

PT5, male, 55, White British, 5 years: I found out far more information from those people [a local support group] than through from my local surgery. And it's still the case now. (Focus group 1)

PT6, male, 55, Black (African), 10 years: I'm asked that, once a year, that question, do you feel depressed? Yes. Next question. It’s not like, what are you going to do about it? … And when I see the nurse, every 6 months, she just says, are you exercising? And she ticks a little box if I say yes or no. And that's it. (Focus group 1)

[bookmark: _Toc355448086]How a web-based self-management programme could meet this need
Participants reacted positively to our endeavour to create a web-based self-management programme for people with T2DM. They were clear that the programme should address all aspects of living with diabetes, including diet, physical activity, taking medicines, working with HCPs, managing difficult emotions, and handling interactions at work, social occasions and with friends and family. 

They wanted information about diabetes, including how it is caused and how it affects the body; available treatments, including goals of treatment, pros and cons of each treatment, and potential side-effects; and access to a suite of resources. They wanted the programme to be a “one-stop shop”, which they could turn to at times of need. There were clear tensions between wanting or needing information, and not wanting to be overwhelmed with “bad news”. It was vital that the information was presented in a cheerful and upbeat fashion, with an emphasis on what can be done to prevent complications while acknowledging that diabetes can be hard to control, and avoiding “victim blaming” when things do go wrong.

PT20, female, 41, White British, 5 years: I suppose I’d want something that was a bit, kind of, an A-to-Z of one’s life. (Pilot interview)

PT10, male, 70, White British, 6 months: The mainstream medical opinion seems to be all doom and gloom… If you just put that diabetes is such-and-such but can be controlled or managed or whatever word you want to use, through very simple means, I think that's a huge relief to people. (Focus group 1)

PT8, female, 46, White British, 16 years: I think you've always got to look at the positive side of your illness. But yes, you're always going to have a negative side, and sometimes you've got to have a funny side… (Focus group 1)

Tables 4 and 5 summarise participants’ views on desirable and undesirable content and presentation.

[bookmark: _Toc355447302]Table 4: Summary of the range of content desired by participants in this study
	Area
	Specific topics mentioned

	Medical information
	Medication
Side effects
Hypoglycaemia
News and research

	Dietary advice
	Controlling blood glucose 
Weight loss
Controlling cholesterol
Understanding food
Recipe ideas

	Physical activity
	Benefits of exercise
Advice about weight loss
Easy-to-do physical activities
Resources for group activities

	Alternative medicine
	Relaxation therapy and stress reduction
Complementary therapies

	Peer support
	Advice from peers
Emotional support
How peers manage, including social norms for key clinical outcomes such as HbA1c, blood pressure, weight. 
Role models
Little enthusiasm for social media

	Pregnancya
	Safe conception; what to do if pregnant

	Practical advice
	Travel
Work
Driving
Insurance
Financial advice, e.g. benefits

	Information about health services
	Services people should have access to
Local support groups
Telephone support lines


a Our funding and our ethics approvals specifically excluded providing information about pregnancy and T2DM.


[bookmark: _Toc355447303]Table 5: Design features desired by participants in this study
	Design and navigation
	Easy to use
Clear, concise, consistent
Minimal scrolling
Use videos
Pages can be printed in black and white
Interactive features such as quizzes
Self-monitoring tools
Acts as central hub for all diabetes-related queries, with links to other resources

	Language and tone
	Accessible
Medical terminology used where needed but with definitions and explanations
Encouraging and supportive
Not shy away from difficult truths
Sense of humour

	Trust
	Thorough proofreading
No advertising
Working links to/from good websites
Evidence of links with trusted institutions like the NHS or well known universities

	Avoid irritants
	Poor design
Not relevant or localised
Out of date
Boring, static


 
[bookmark: _Toc355448087]Views about HCP facilitation
Participants wanted any self-management support programme to be integrated into their general medical care, rather than stand-alone. They wanted to work with their health professionals to obtain good health outcomes, although there was a sense that health professionals were not always interested in their efforts.

PT15, male, 54, White British, 7 years: Yes, I got told off last week for not taking mine [blood glucose diary] in, but part of the reason is, well, you never look at it. What’s the point of me taking it in? … It’s like a little token. You know, look, I have been recording, but he doesn’t go, so, what’s happening here? (Focus group 3)

Although in principle participants were strongly in favour of their HCPs helping patients register on the programme, showing them how to use it and discussing their use of the programme in diabetes-related consultations, they were sceptical as to whether this would be possible.

PT8, female, 46, White British, 16 years: I think it would be a good thing but I can’t see many people doing it. … To even ring your GP surgery normally to make an appointment can be very tiresome for a lot of people. You can’t get through. (Focus group 1)

[bookmark: _Toc355448088]Access to electronic medical record
In line with their emphasis on the need for self-management to be integrated with HCP management, participants were keen to have access to their GP EMR. Perceived benefits included the ability to correct information in their records, and to share correct information with the multiple health care providers they encountered, such as optician, podiatrist, dentist and emergency doctors. Participants were keen to have control over their information, and to decide what to share with whom.

PT16, male, 58, White British, 4 months: It might be useful to correct things, if you find anything that's been recorded incorrectly, that at the moment, you've got no idea if... anything's wrong or not. (Focus group 4)

PT7, female, 65, White British, 3 years: It's not anything to do with diabetes, but the worst thing is, when you go along to A&E [Accident & Emergency unit], and they say to you... “Oh, when were you diagnosed?” You know, and you have to start... the whole story from the beginning, and if they've got access as well, so, you know… (Focus group 4)

[bookmark: _Toc355448089]Discussion
In this focus group study, it was clear that living with diabetes placed a substantial burden on participants living with T2DM. It negatively affected all aspects of their life, including emotional wellbeing, work, social life and physical health. This characterisation of the burden of diabetes resonated well with the Corbin and Strauss model of the work of living with an LTC. Our participants articulated that the “work” of emotional and role management was at least as pertinent to them as that of medical management. Participants felt that health services were unable to address all their needs, and hence welcomed self-management support, as long as such support adequately reflected their needs. This study confirmed the benefits of our proposed holistic approach to the intervention, as well as providing detailed guidance on how to achieve its objectives.

Our findings fit well with previous literature, building on the previous study by Kerr et al83 which generated quality criteria for web-based self-management programmes across a range of LTCs. The burden that such conditions in general,102, 103 and T2DM in particular 104 bring has also been well described. Understanding this burden is an essential prerequisite for developing programmes that genuinely support people with self-management rather than adding to the burden of treatment without addressing underlying needs.

The strengths of our approach included the use of focus groups and a relatively open topic guide, which allowed participants to raise their own concerns and determine the direction and content of discussions. An additional strength was the use of existing interventions to anchor discussions, which demonstrated what had already been achieved and allowed users to consider how these could be improved, rather than starting from scratch. 

The main weakness was that our sample, although diverse in its ethnicity, duration and treatment of diabetes and gender, was highly skewed towards people with an interest in self-management. This was an inevitable result of our recruitment strategy, which advertised for people interested in developing a web-based self-management programme; it is difficult to see how this could have been avoided.

The findings confirmed our decision to use the Corbin and Strauss model of medical, emotional and role management to determine overall content, and the guidance provided by participants was relatively easy to put into practice during the development of HeLP-Diabetes, particularly when supported by our participatory design process.



[bookmark: _Toc355448090]Chapter 5: What requirements do health care professionals have of a web-based self-management programme for people with type 2 diabetes?
[bookmark: _Toc355448091]Chapter summary
This chapter reports on a qualitative study that aimed to determine HCPs’ perspectives of the essential and desirable features of a web-based self-management programme for people with T2DM, and what could be done to encourage uptake and use in the NHS. Additional objectives were to explore HCP views on the type and quantity of facilitation that could be provided in general practice, and on patient access to part or all of the EMR. 

We collected data through seven individual interviews and four focus groups with 18 HCPs involved in caring for people with T2DM, including GPs, practice nurses, diabetes specialist nurses, dieticians and consultants in diabetic medicine. Topic and interview guides were semi-structured, with participants encouraged to voice opinions about issues that were important to them, rather than sticking to pre-defined questions. A multi-disciplinary group then analysed the data inductively and mapped themes onto NPT, while paying careful attention to identifying any themes that did not map easily. All data mapped easily onto the four main NPT constructs of coherence, cognitive participation, collective action and reflexive monitoring, as described in Chapter 2.

Our proposed web-based self-management programme appeared to be easily understood by participants, who were positive about the benefits of self-management by patients and showed considerable awareness of the challenges faced by people with T2DM, both in terms of the emotional impact of the condition and the overwhelming amount of information they needed to absorb. They were supportive of a web-based approach, deeming that this would help alleviate some of the difficulties with the dominant model of group-based education. These difficulties included long waiting lists, inconvenience of attending groups at fixed times, and the absence of ongoing support once the group had completed. 

This understanding of our proposal (coherence) was reflected in a perception that overall, HCPs would support the implementation of such a programme (cognitive participation), as long as the impact on workload was acceptable (collective action). In particular, our participants said it was important that the proposed programme made consultations more effective, that it was easy to use, that it supported current NHS guidelines, and enabled GPs to achieve goals related to the QOF. They also had clear views about the types and range of evidence that HCPs would require to continue to engage with the programme, once it had been implemented (reflexive monitoring). 

In contrast, views about facilitating access to the programme were more nuanced. Although some participants understood what facilitation would require, many were unconvinced of the potential benefits, and felt that the impact on workload could not be justified and was not an appropriate use of scarce resources in general practice. Similarly, there was considerable disquiet about patient access to the EMR, with participants unsure about what information would be accessed, what the benefits might be, and significant concerns about adverse outcomes, including risks to privacy and confidentiality, increased patient anxiety, and an increase in workload.

[bookmark: _Toc355448092]Background
[bookmark: _Toc355448093]Rationale for study objectives
In Chapter 3 we discussed the need to identify user requirements before developing a web-based self-management intervention. We conceptualised our users as belonging to two groups: people living with T2DM; and HCPs involved in caring for people with T2DM. 

As described in Chapter 2, one of our approaches to improving uptake and use of the web-based self-management programme was to integrate it into routine health care, so that users perceived it as part of the overall package of care provided by the NHS. We believed that it was important that they were introduced to the self-management programme by an HCP, as this would provide credibility and reassure them that doctors and nurses approved of the programme and wanted them to use it. We considered that ongoing use of the programme would be promoted by doctors and nurses referring to it during consultations, asking patients how they were getting on with it, and perhaps jointly reviewing personal goals or self-monitoring data (Figure 5). 

However, we were well aware of the difficulties of achieving such professional behaviour change.(88) Hence the rationale for the objectives of this study included understanding what HCPs would want from such a programme, what they considered would make them want to use it, what the likely barriers to use would be, and what (if anything) could be done to address these barriers. Identifying these factors would allow us to build in motivating features while addressing potential barriers.

[image: \\ad.ucl.ac.uk\home\rmjlkpa\DesktopSettings\Desktop\Figure 1. Overview of intervention.png] 
[bookmark: _Toc355446879]Figure 5: Integration of HeLP-Diabetes with clinical care 

Our intention was to develop a programme that would be used in primary care, so our main focus was on HCPs working in that sector. However, people with T2DM are cared for by a wide range of HCPs across primary, community and secondary care. The intervention needed to be acceptable to all these HCPs, and we believed that it was important that specialists in diabetes medicine approved of the intervention. Hence our sample included a range of HCPs involved in caring for people with diabetes. 

Factors that the literature predicted would influence HCP views on the potential benefits and pitfalls of self-management interventions and web-delivery included age (with younger people often more open to technology), gender (with women tending to adopt more patient-centred care supporting self-management), and disciplinary background.(105-109)

Data from overseas studies of e-mental health interventions and ICBT demonstrated that facilitation by an HCP led to significantly improved use and greater effectiveness.(87) The disciplinary background of the HCP did not seem to be important, with comparable results obtained by therapists and technicians.110 Similar findings from the UK were obtained with telephone facilitation of a weight loss intervention.(111) Methods of facilitation that had been shown to be effective included email and telephone support, usually once a week or fortnight. However, facilitation takes time, and time is a scarce resource in general practice. We wanted to explore with HCPs what they thought about facilitation, whether they thought it would be a legitimate role for general practice staff and, if so, what sort of staff (practice nurse, receptionist, HCA, other) and what level of frequency and intensity would be practicable. 

Finally, we wanted to explore HCPs’ perceptions of the advantages and disadvantages of allowing patients access to some part of the EMR. Early pilot studies suggested that potential benefits of such access might include more accurate records, more empowered patients, and a reduction in duplication of tests and investigations.89, 91 Participants in WP A (see Chapter 4) were keen to have access to at least some of their EMR, stating that it would help them with self-monitoring, managing their medication, understanding their health problems, and communicating with other HCPs. They wanted to be able to share their self-monitoring data with their clinicians. They said that such access would be a powerful motivator for using the self-management programme. In the UK, the public had had the right to see their paper or electronic medical records since November 1991, although relatively few had exercised this right.112, 113 At the time our study was undertaken (2011) there was considerable discussion around forthcoming legislation to mandate patients having online access to their EMR by 2015 (the legislation subsequently passed and people now have this right).114 Many doctor organisations had expressed strong concerns around privacy and confidentiality.92, 115 We therefore thought it important to explore HCP views about providing some linkage between the self-management programme and the patient EMR. Even if HCPs were opposed to full access to the record, would they consider partial or limited access within strictly defined parameters, such as medication and results of investigations? Given that patients wanted to share self-monitoring data with clinicians, we also wanted to explore this possibility. As our proposed intervention was intended to be used in primary care, and the majority of patients would be cared for in primary care, the possibility of linking with hospital records was not relevant and not pursued. 

[bookmark: _Toc355448094]Rationale for study methods
The main methods considered for this study were focus groups and individual interviews. Focus groups have the advantage that areas of disagreement can be discussed, allowing for illumination and explication of reasons underlying such disagreement and the potential generation of consensual solutions acceptable to all participants.95 An advantage of individual interviews is the ability to go into specific areas in greater depth, responding to the interviewee’s interests and enthusiasms. They can also be helpful if there are sensitive issues to explore, such as the perceptions of one group of HCPs about the roles, strengths and weaknesses of other groups of HCPs, which participants may be unwilling to share in a less confidential setting.116 Moreover, focus groups are substantially more difficult than individual interviews to arrange, as they require bringing participants together at a mutually convenient time and location. The challenges of recruiting HCPs to research are well known and were well understood by the research team.117, 118 In view of this, we opted for a combination of individual interviews and focus groups. 

As HCP time is at a premium, and participants were unable to allocate us more than 30–60 minutes of their time, we did not show them examples of existing self-management programmes as we had the patients. We considered that professionals had sufficient understanding of the type of intervention we were trying to develop from other digital interventions already in use as part of the EMR or on referral (e.g. ICBT), and knew the features that would promote use or act as barriers. 

[bookmark: _Toc355448095]Aims and objectives
The overall aim of the study was to determine HCP perspectives of the essential and desirable features of the intervention which would encourage uptake and use in the NHS. Additional objectives were to explore views about the amount and type of facilitation that patients would need, and whether and how this could be provided in general practice. Finally we wanted to explore HCP views about patient access to the EMR. 

Data from this study contributed to the following objectives of the programme grant:

Determine HCP perspectives of the essential and desirable features of the intervention which would encourage uptake and use in the NHS;
Determine the overall content and function of the intervention;
Determine the optimal facilitation required to encourage use of the intervention;
Determine feasibility and acceptability of facilitated access to the intervention. 

[bookmark: _Toc355448096]Methods
Design: Qualitative study using individual interviews and focus groups for data collection. 
Ethics: Ethical approval was provided by the North West London Local Research Ethics Committee on behalf of the National Research Ethics Service. Reference 10/H0722/86.

[bookmark: _Toc355448097]Setting and participants
Our recruitment strategy was designed to reflect our objectives by targeting a range of HCPs involved in caring for people with T2DM, with a focus on primary care. Hence, we sought to recruit GPs, practice nurses, diabetes specialist nurses, consultants in diabetes medicine and dieticians. We used a “snowball” method of recruitment, starting with clinicians with whom we had personal contact, and following up contacts of interviewees. This was augmented by advertisements and flyers at primary care conferences and emails to HCPs delivering structured education in North London. We sought a sample that varied in its age, gender, ethnicity, disciplinary background and seniority, and work setting (primary, community or secondary care). Recruitment continued until theoretical saturation was reached and no new data emerged in subsequent interviews or focus groups. 

[bookmark: _Toc355448098]Data collection
A topic guide was designed which reflected our objectives and built on findings from the existing literature. The guide was informed by NPT, and consisted of open-ended questions designed to encourage participants to think widely around the issues discussed during the interviews, and to enable participants to bring up ideas that were important to them, rather than focusing specifically on issues predetermined by the research team. 

The topic guide was piloted in an individual interview, and after revisions, re-piloted in a focus group. This version was used for subsequent focus groups and interviews. The areas covered by the guide included challenges in managing patients with T2DM, potential benefits and pitfalls of using a web-based self-management programme, impact on consultations and workload, facilitators and barriers to implementation, strategies to combat attrition and views on patient access to the EMR.

Interviews were held at a time and location convenient for the interviewee, usually their place of work, often in their lunch hour or after work. Focus groups were held either in participants’ practices, or a convenient, quiet meeting room in an academic or NHS venue, and were facilitated by a least two researchers. The lead facilitator chaired the discussion, while the second observed, contributing only when needed to clarify points of discussion. The observer kept extensive field notes, including real-time reflections on the data emerging. 

Interviews and focus groups were audio-taped and transcribed by a professional transcription company. Transcripts were checked for accuracy by the interviewer or focus group facilitators. 

Participants were also asked to complete a brief demographic questionnaire, providing information about age, gender, ethnicity, professional role and level of seniority.

Data collection continued until we reached theoretical saturation with no new data emerging.

[bookmark: _Toc355448099]Data analysis
A multi-disciplinary team, consisting of GPs, psychologists, sociologists and health service researchers, analysed the data. Transcripts were read by each member of the research team, and then discussed in group meetings or data clinics. Emerging themes were agreed upon, and transcripts subsequently coded to these themes.(119) Codes and themes were iteratively discussed until agreement was reached between the whole team. Themes were subsequently mapped onto NPT as described in Chapter 2. This two-stage approach had the advantage of maintaining our theoretical perspective, while ensuring that we did not ignore or discard data which did not “fit” with NPT.120 

Atlas Ti was used to manage the transcripts, coding and facilitate the final data analysis.

Illustrative extracts of the data are presented in the results, with identification by participant number and professional background.

[bookmark: _Toc355448100]Results
We held seven individual interviews and four focus groups with a total of 18 participants. Of the four focus groups, two featured only nurses, one included only doctors, and one was multi-disciplinary. Eight participants were GPs. Of these, five were currently salaried, two had been partners or principals in the past and three were currently partners or principals. Six participants were nurses, of whom three were diabetes specialists, two were practice nurses and one was a nurse consultant. There were two consultant endocrinologists, one doctor in training, and one dietician. Eleven participants were female, and the mean age was 49 years (range 32–64, with one participant declining to provide their age). One participant was Asian and the rest described themselves as White British (Tables 6 and 7). 

[bookmark: _Toc355447304]
Table 6: Characteristics of participants
	Characteristic
	Total (n = 18)

	Profession

	Primary care

	GP partner
	3

	Salaried GP
	5

	Practice nurse
	2

	GP trainee
	1

	Community diabetes team

	Diabetes specialist nurse
	3

	Dietician
	1

	Secondary care

	Endocrinologist
	2

	Diabetes nurse consultant
	1

	Gender

	Male
	7

	Female
	11

	Age (in years)

	Mean
	49

	Range
	32–64



[bookmark: _Toc355447305]

Table 7: Composition of focus groups
	Group number
	Group composition

	FG1
	3 GPs
1 diabetes consultant

	FG2
	1 diabetes specialist nurse
1 diabetes specialist dietician
1 GP

	FG3
	1 diabetes nurse consultant
1 diabetes specialist nurse

	FG4
	2 practice nurses



[bookmark: _Toc355448101]Main themes
All the data that emerged mapped easily onto the main constructs of NPT. The following sub-sections are structured by NPT construct: coherence, cognitive participation, collective action and reflexive monitoring. Each sub-section presents data first for the main proposed programme, then for facilitated access and lastly for access to the EMR. 

[bookmark: _Toc355448102]Coherence
Coherence refers to the ease with which the intervention can be described, understood and distinguished from other interventions or practices. This includes understanding how an intervention or practice differs from other interventions, and understanding at an individual and group level what the aims and expected benefits of the intervention will be, and what individuals will have to do to realise those benefits. 

For our participants, the concept of a web-based self-management programme had immediate coherence. Many of our participants were already convinced of the importance of self-management by people with T2DM`, stating that patients played a key role in determining health outcomes. 

P05, GP partner: Anything that I as a clinician will do is predicated on the other individual in the relationship actually playing their role, taking part, taking active control of their own lives. And the more information and understanding they have of what is going on, the more they’ll understand why I’m seeking to help them modify their behaviour. (Individual interview)

Participants were aware that people with T2DM often needed help and support to engage in self-management, but that the dominant model of group-based education was not suitable for many. 

P12, diabetes nurse consultant: Well we don’t have that many people who are in full-time employment in [town] really… but they do have other priorities and, you know, their health may not be one of them, sadly. You know, social deprivation, poverty. You know, often we put on education at times that suit us, as health care professionals, [but] they’ve got children to pick up from school or they’re looking after elderly parents or, you know, they’ve got children with special needs, they’ve got other illnesses themselves. (Focus group 3) 

Other problems with group-based education included long waiting times and the fact that, in most areas, education was available only after diagnosis, whereas people with T2DM often had an ongoing need for education and support. 

P15, practice nurse: We get very, very good feedback about DESMOND, but the wait is just too long for them to go on it, you know. And plus once you've had that… initial training and education, it doesn't mean that you've not got further training needs, and there's a massive gap that we encounter for that extra bit of help for patients. (Focus group 4)

Participants considered that a web-based programme would have a number of advantages over group-based education, including being there at the time when a patient was ready to engage, the ability to be revisited frequently so that users could learn at a speed that suited them, and the ability to use video and graphics, which would help people with low literacy skills or poor English. Many commented on the volume and complexity of the knowledge required to self-manage effectively. 

P06, GP partner: [It] is quite difficult… for the individual, understanding this cruel nature of type 2 diabetes. I think people understand the sort of sugary side of things, but actually understanding the impact on their kidney disease, their heart disease risk, all these other areas where long-term diabetes is important. It’s quite complicated [even] for us. You know, I think for people who perhaps don’t have that kind of medical understanding, it must be really quite daunting to take all that information on at the start. (Individual interview)

Clinicians were very aware of the emotional burden that diabetes placed on patients, and were keen to see that addressed, recognising that this was an essential prerequisite before people with T2DM could start the work of taking control of their health. 

P00, salaried GP: One is often tempted to say, well it’s the educated people who get the whole thing quickly and they therefore deal with it. But I remember, certainly one patient of mine, a young… a very bright young girl, who just did not want to come to terms with her diabetes, and she was all over the place. So it wasn’t to do with her intellect, it was actually the emotional coming to terms with it. (Individual interview)

Although the main concept of a web-based self-management programme had good coherence with our participants, there was less agreement about providing some form of facilitation. Although some participants had experience of telephone facilitation for computerised CBT through the Improving Access to Psychological Therapies programme, others were unsure how such facilitation could be offered. Even those who understood the rationale for offering facilitation, in terms of integrating the self-management programme into clinical care and encouraging uptake and use by patients, were uncertain of the benefits.

Interviewer: One of the ways we thought that might help is… having someone maybe ring up every so often and say how are you getting on with the program?
P14, diabetes specialist nurse: I guess that's possible. I don't know if that would help, though. (Individual interview) 

Similarly, there were uncertainties about what patient access to their EMR would entail, in terms of the sort of information patients could access, controls over privacy, and the impact that this might have on patients and on HCP workload. 

P11, trainee GP: I'm not sure about that really. … I don’t know whether they … should see the complete record or whether it, someone should go through it before they have a look, I'm not sure. … I think if they say perhaps a summary or just maybe the key parts of the past medical history or drug history, which I think is important for a patient to have, then I think patients should have access to that generally, because they present in A&E or after hours; that is really handy information. So I think that would be a good thing generally. I don’t know how much detail a patient really needs, though, to read; maybe some individual consultations, I'm not quite sure if that would be very helpful. (Individual interview)

[bookmark: _Toc355448103]Cognitive participation
Cognitive participation is about the decision whether or not to participate in an intervention. One of the components of cognitive participation is the concept of “legitimation”, or the extent to which the work required by the intervention is a legitimate part of the role of the various HCPs involved. 

HCPs in our study felt that our proposed programme was likely to be widely supported by professionals, who would see clear benefits, including recognition of the importance and difficulties of enabling people with T2DM to self-manage, and the benefits that accrue when they do self-manage. Ensuring that the programme was trustworthy , by containing up-to-date, evidence-based information in formats accessible to patients and HCP, would also aid cognitive participation. Trust could be enhanced by the intervention being “professional, academic, something, you know, not commercially run” (P06, GP Partner). Endorsement by relevant bodies, including the Department of Health, the Royal College of General Practitioners, the Royal College of Nursing, Diabetes UK and local diabetes consultants or other local opinion leaders, would all promote uptake and use by HCPs. 

There was also a recognition that patient experience had considerable influence on clinician behaviour: if patients were calling for the intervention to be available, this was likely to increase HCP buy-in. Similarly, if the programme was used by only a small minority, participants felt that this would lead to HCPs being much less interested in using and promoting it.

P09, salaried GP: You probably want to get the Department of Health to say that everyone should commission it as part of their care package. (Focus group 2)

P16, practice nurse: Getting good feedback from the patients, that's going to make me recommend it. (Focus group 4)

However, the overwhelming factor that would affect use and uptake was considered to be impact on workload. Any intervention that increased workload was highly unlikely to be adopted.

P11, trainee GP: If it is time-consuming, I think, [that] would be a big barrier, definitely, because as you know, consultations are really time pressured, aren’t they? (Individual interview)

Conversely, if the intervention was found to decrease workload and result in more effective consultations, this was likely to promote adoption. 

Hence, the prospect of practice staff facilitating access to the programme had low cognitive participation. The HCPs in our study felt that any potential benefits of facilitation were unlikely to justify the increased workload. 

Interviewer: Do you think it’s viable to ask practice nurses maybe to ring up patients and say how you getting on with the intervention, are you using it...?
P05, GP partner: No. …We’ve got a crisis in practice nursing in London. Expecting … partners or clinicians to say “Yes, you can... my [practice] nurse can take half a day out to ring a whole lot of diabetics and encourage them to use this,” will probably not go down very well.
Interviewer: … Receptionists?
P05:	Maybe, but again I’d say this is another... activity unresourced. Until clinicians see the utility of it and see significant benefit from it for themselves and for their practices and for their patients, I can’t see clinicians spending a lot of resource and time. (Individual interview)

Just as the issue of patient access to their EMR had low coherence, it also had low cognitive participation. Even participants who could see its potential to empower patients had serious concerns about issues such as privacy and confidentiality, clinical governance and workload. 

P06, GP partner: For this group of people, it’s really important. It’s their information, and they have control of it and understanding of it. So I like the idea, generally, of them owning the information. Pragmatically, I worry about people having dial-in access to our system, being able to hack in and around. (Individual interview) 

P09, salaried GP: Like all of these things, it’s probably fine for most people but there will be a few people who maybe have other problems like anxiety or whatever and then it actually… might just make things worse. (Focus group 2)

Participants in WP A had discussed the possibility of being able to enter self-monitoring data directly into their clinical record, but this was considered entirely unacceptable by the HCPs in WP B for medico-legal reasons. 

P06, GP partner: And what happens if the individual puts on that their blood sugar is 29 and they’ve got ketones? Am I meant to go and respond and take medical legal responsibility for that? (Individual interview) 

[bookmark: _Toc355448104]Collective action
Collective action refers to the work of bringing about and maintaining change resulting from a new intervention. In many ways this is the core construct of NPT. There are four constructs within collective action: 
· Interactional workability; 
· Relational integration; 
· Skill set workability; and 
· Contextual integration.

Interactional workability
Interactional workability refers to the impact that the new intervention has on interactions. NPT posits that an intervention which enhances interactions is more likely to normalise than one that has a negative impact. In terms of our proposed web-based self-management programme, the two relevant interactions were consultations between HCPs and people with T2DM, and interactions between users of the programme (whether HCP or patient) and the programme itself — “usability” in human–computer interaction (HCI) terms. Participants in our study were keenly aware of the importance of both these, stating that if the programme helped consultations, making them more constructive and effective, that would be a strong incentive for HCPs to take up and promote use of the programme, while anything that interfered with consultations or generated additional work would not be used. 

P00, salaried GP: So in the context of my consultation, will it help? I could see that it might: my understanding of what the project is about suggests that actually it will give the patients an opportunity to engage rather more with their condition. And if it’s done right, it will give me and them the opportunity to see fairly quickly, and at a glance, if it’s good enough what they’ve been doing over the past weeks or months, how [good] their physical control is, so if you get some of the physical parameters, and how good, if you like, their overall involvement and engagement with the diabetes issues are. (Individual interview)

P15, practice nurse: I would certainly use it in a consultation if it was set up, you know, right, I would certainly use it as part of my consultation. … [I]f there was parts on diet, and weight loss, and local services, it would be fantastic to have it all on there on one… (Focus group 4)

P06, GP partner: My huge anxiety about these things is being swamped. You know, what I don’t want to is, you know, arrive in my surgery and turn on and get, you know, 300 people who’ve suddenly their most recent blood sugars, you know, it would be unworkable. (Individual interview) 

Equally, participants were clear about the importance of usability, emphasising that the programme should be easy and intuitive to use for both patients and HCPs. 

P06, GP partner: What tends to make people use these kinds of systems is if they work well, if people find them helpful. You know, there are systems that, you know, just run because they’re well designed, they’re thoughtful and they’re helpful, and they make the job work and that’s for the clinicians as well as the patients. There are others which are just clunky and hard work and slow, and you just kind of think, I’m really not going to invest the time in this, so, you know, a well-designed system that… added some value… would be the biggest incentive to make me use it. (Individual interview) 

Facilitated access was not thought to be a good use of scarce consultation time, whether done face-to-face or on the phone, by a clinician or a non-clinician. Participants considering time spent on facilitating access to a programme as time diverted from more important clinical tasks, such as ensuring patients were vaccinated against influenza.

P15, practice nurse: I can only speak as for myself as part of the practice that time constraints, I don't think people would remember to remind them. We struggle enough with them to ring up for reminding them to come and have their flu jabs and things like that, so realistically I think they wouldn't. (Focus group 4)

Relational integration
Relational integration refers to the extent to which an intervention fits with, or disrupts, existing relationships between different groups, usually professionals. NPT posits that interventions which fit well with existing relationships, and where responsibility and accountability are aligned, are more likely to normalise than disruptive interventions.

Our participants stated that it was important for our proposed programme to be compatible with current NHS guidelines, as problems could arise where patients were led to believe that something could benefit them, but local or national policy meant this was not available. One example of this was blood glucose testing. In light of the evidence that regular self-monitoring of blood glucose does not lead to improved diabetes control, and the costs associated with self-monitoring, many CCGs were attempting to reduce overall prescribing of blood glucose monitoring sticks. Patients were often confused or annoyed by this. 

P12, diabetes nurse consultant: Well we’ve got a bit of an issue to save money. We’ve recently launched some diabetes monitoring guidelines and basically patients who are on oral hypoglycaemic agents or insulin are, you know, it’s a recommendation that they do blood tests on an ongoing basis but for those who are on diet only or metformin only there’s no provision for them to do that.
P13 diabetes specialist nurse: Where[as] previously we’d encouraged everyone to test because we felt it was empowerment… (Focus group 3)

From patient data (WP A):

P13, 56-year-old patient: My practice nurse can’t believe that I like to test my own blood sugar. She’s like, oh you don’t need to do that; why do you need to do that? And I find that quite strange. (Focus group 3)

Participants also suggested that one benefit of the proposed programme would be to provide access to information to HCPs as well as to people with T2DM. This would help with trust between HCPs and patients, and also enable the HCP to stay abreast of latest developments.

P11, trainee GP: But I think something that people could see was clinically relevant and was going to help in terms of, I guess, professional learning as well, because people obviously need evidence of that. And that will be good. (Individual interview) 

No data about facilitated access pertained to relational integration. 

Equally, access to the EMR was considered likely to have a negative impact on consultations, with a potential to increase patient anxiety and clinician workload. 

P09, salaried GP: You’d probably need to do it prospectively because, you know, a lot of records have been entered historically, not thinking that [patients] could read these … At the moment when they request their records, they’ve normally gone through them with a health professional there who will talk them through them and maybe explain them. But actually to just view them on their own at home, they may be misinterpreting what’s been put there, you know. I don’t know. There are definitely pros and cons to that. (Focus group 2)

Skill set workability
Skill set workability refers to the fit between a new intervention and existing skill sets. NPT posits that interventions that fit well with existing skill sets, and which are perceived as requiring professionals to undertake tasks that are appropriate for their professional role, are more likely to normalise than those that do not. This construct also highlights the importance of training, to ensure that those who need to use the intervention are able to do so. 

Our participants stated that it was important for our proposed intervention to fit with perceived professional roles. 

P00, salaried GP: Anything that makes me do things against my professional job, filling in useless forms, taking time, that won’t make [my job] feel enhanced. If it helps me to focus better on the key issues that I think are important, and that I think the patient thinks are important, that will make it valuable; if it distracts me from that conversely it will be unhelpful. (Individual interview)

In line with the perception that any benefits of facilitating access were unlikely to justify the additional workload, participants were uncertain as to who, if anyone, would take on this task. However, it was acknowledged that it would have to be a specified role which was clearly allocated.

P09, salaried GP: It would have to be somebody’s specific role to do it, I mean, part… considered part of their role.
P08, diabetes specialist dietician: And don’t ask the poor practice nurse. (Focus group 2)

No data on access to the EMR pertained to skill set workability. 

Contextual integration
Contextual integration refers to the fit between the proposed intervention and the availability of resources. These include not only obvious resources such as staff, time and funds, but also the existence of policies, protocols and priorities. 

One major contextual issue for GPs was the QOF, a performance-related pay system that ties performance on key indicators to practice remuneration. GPs were clear that if the proposed programme could help them with the QOF, either by improving performance, or by making it easier to record, this would be a major incentive. 

P06, GP partner: Certainly within QOF, and I know there are much more changes to patient-held records, patient information, self-management, and those are the kind of external drives which will probably make something like this work. (Individual interview)

Participants felt that our proposed self-management programme would fit well with existing local and national policies. This was particularly so in locations that had a history of promoting self-management by patients and were involved in the Year of Care, an NHS initiative to encourage personalised care planning for people living with LTCs. 

P16 Practice Nurse: We're doing the Year of Care thing, so actually if we had some sort of system that — rather than sending them a scruffy bit of paper — that we can input it into their system, and alert them to it, or email them to it, so that if they then log in they've got their up-to-date information. … I could see that that would be really useful, you know, having some sort of guide as to… whether they've improved since last time, or… (Focus group 4) 

It was less clear how facilitated access would help practices achieve clinical priorities or be achieved within existing resources; in other words, facilitated access did not appear likely to have good contextual integration. 

Similarly, patient access to the EMR raised questions of resources, particularly the need to ensure that any data entries were seen and acted on. A participant with experience of this suggested that a “workflow manager” would be required to ensure patient safety. Other participants pointed out the resource implications: 

P01, salaried GP: Then you're causing the practice more time, more money. (Individual interview)

[bookmark: _Toc355448105]Reflexive monitoring
Reflexive monitoring refers to the appraisals that people make to assess whether a particular intervention is worth continuing. These include assessing whether the expected benefits are being realised, and whether these are worth any additional workload. Our participants could not engage in reflexive monitoring, as the proposed intervention was still hypothetical, but many of them commented on the sort of information that would be likely to be influential. 

Participants said that future HCPs would need a range of information to decide whether or not to continue investing time and energy in promoting the use of a web-based self-management programme for people with T2DM. The results of the proposed RCT would be crucial: 

P03, salaried GP: I wouldn't recommend that as someone on the exec unless I knew that there was evidence that it was worthwhile doing.
Interviewer: So what evidence… do we need? 
P03:	Well I don't... I think this is years in advance of where you're at, when we need to design something that show that it makes a difference or at least have existing evidence that shows that it makes a difference. You know, we need a clear business case for a consortium to be that definite about it.
Interviewer: So we need results of our RCTs showing that it made a difference or not?
P03:	Yes, I think so.
Interviewer: Primary outcomes?
P03:	With economic data, if possible. (Focus group1)

However, they were equally clear that trial data alone would not be enough. They would need information about the numbers of patients using the programme, their demographics (harking back to concerns about the digital divide), and the impact on these patients. They would be influenced by patient feedback as well as by research evidence. They also wanted to know the impact on practices and HCP workload.

P09, salaried GP: Not just how many: who? And how, well, obviously you would feedback about how useful they found it but…
P08, diabetes specialist dietician: Well, ideally, we’d like to have clinical data, did [it] improve the HbA1c [glycated haemoglobin]? 
P09: I suppose, you know,… the impact it has on workload so, you know, what are the drawbacks? Accessibility to how much downtime there was, how often, you know, it kept on going down.
P07, diabetes specialist nurse: I think it’s more sort of, you know, what’s the demographic of who accessed it… Yes, that’s very important. (Focus group 2)

P11, trainee GP: I guess if you get good patient feedback from it then you’re more likely to recommend it to other patients. (Individual interview)

Given the lack of coherence and cognitive participation, and anticipated problems with collective action for both facilitated access and patient access to the EMR, it is not surprising that there were few data on these which mapped to reflexive monitoring. However, participants did suggest that their views on these, particularly facilitated access, could be changed by appropriate evidence. 

P09, salaried GP: You’d need to trial it without and with facilitation and if you show facilitation made a big difference then you’d have to argue that was a case to commission somebody to do, to provide that kind of facilitation, mainly, you know, telephone support. (Focus group 2)

[bookmark: _Toc355448106]Discussion
In this qualitative study, NPT clearly provided a useful and comprehensive lens through which to consider issues which would make a web-based self-management programme attractive to HCPs, and hence promote its use and uptake. We collected data through semi-structured interviews, using open-ended questions, and analysed the findings inductively, i.e. the themes emerged from the data and only then were mapped onto NPT. Hence not all constructs of NPT were reflected in the data, but all the data obtained mapped easily onto NPT constructs, which provides reassurance that this theoretical framework was an appropriate choice for our work.

Overall, the data from this study suggested that HCPs would welcome a web-based self-management programme for people with T2DM. Features that would enhance acceptability, uptake and use included a comprehensive approach to patients’ needs, overtly acknowledging, and helping with, the emotional difficulties faced by patients; a well-designed website that would appeal to a wide range of users and that was user-friendly with intuitive navigation; and high quality, evidence-based information.

Participants were much less positive about general practices providing facilitated access to the intervention, and had significant concerns about allowing patients access to the EMR. 

Methodological strengths of the study included the use of semi-structured topic and interview guides, which gave participants the opportunity to discuss areas that they considered important, rather than being limited to areas raised by the facilitator or interviewer. Equally, the inductive approach to data analysis, undertaken by a multi-disciplinary team was a strength. 

However, the study had some weaknesses. The snowball approach to recruitment is likely to have led to a pool of participants who were already interested in the topic, and had a bias toward promoting self-management for patients. Thus although we reached thematic saturation fairly rapidly, a different sampling strategy may have yielded a more diverse participant population and a greater range of views. 

Despite this, the findings were extremely useful for informing the development of the web-based self-management programme. They confirmed the importance of considering the work of implementation and use during the design phase, and we repeatedly considered how the proposed intervention would fit into routine clinical practice, using a combination of the actual data obtained and predictions based on NPT. 

The data suggesting that HCPs felt the potential benefits of facilitating patient access would not justify the additional workload prompted us to consider how to reduce that work, while maintaining the benefits we believed would accrue. In our view, facilitated access was likely to be necessary to ensure patients viewed the programme as an important part of their overall health care, which in turn would improve uptake and use. We also hypothesised that some degree of HCP facilitation could help overcome the digital divide — a question explored in more detail in Chapter 9.



[bookmark: _Toc355448107]Chapter 6: Healthy Living for People with type 2 Diabetes (HeLP-Diabetes): a web-based self-management programme for people with type 2 diabetes
[bookmark: _Toc355448108]Chapter summary
This chapter describes the development of the HeLP-Diabetes website (WP C), including determining and creating its content and functionality, through an iterative process that involved a large multi-disciplinary team with extensive user input through participatory design. We then describe the intervention, procedures for its maintenance and updating, and techniques for promoting engagement.

[bookmark: _Toc355448109]Background
[bookmark: _Toc355448110]Theoretical framework
The rationale for developing a web-based self-management programme for people with T2DM was described in Chapter 2, which also set out the theoretical framework underpinning its development, including:

The Corbin and Strauss model of the work of the living with an LTC, which we used to define the overall content of the programme; 
NPT, used to help us consider issues pertaining to implementation throughout the development process; and 
A taxonomy of behaviour-change techniques which helped us select appropriate techniques within the programme. 

We worked within the paradigm of evidence-based medicine, identifying and applying the best available evidence for treatment of diabetes and for any decisions made during development (e.g. around maximising acceptability, uptake, usage, and effectiveness).

[bookmark: _Toc355448111]Users
We identified our potential users as people with T2DM, and HCP involved in their care. The work undertaken to identify users’ “wants and needs” was described in Chapters 4 and 5.

[bookmark: _Toc355448112]Participatory design
Participatory design is a broad term that covers a range of motivation, methods and levels of user involvement. There are two main rationales for adopting a process of participatory design. The first is a pragmatic one; that interventions developed this way are more likely to be acceptable, have better uptake and be effective.121 Working together in an iterative fashion, developers and users can learn together and optimise system functionality and service quality. Designers are responsible for pointing out technical options, while users provide information about their practices, and how they will use the system.122 The second rationale is a political or moral imperative: those who will be affected by health information technology (IT) systems should have the opportunity to influence their design and implementation.123 From this perspective, design of health IT systems can be a way of empowering prospective users.122 We were motivated by both rationales.

[bookmark: _Toc355448113]Intervention mapping
Intervention mapping is an explicit six-step process for developing complex interventions,80 originally developed in the public health context, but since shown to be appropriate for a wide range of interventions,(124-127) including online.128, 129 It has been successfully integrated with participatory design130 and enables researchers to incorporate multiple sources of data into a single intervention in a transparent and reproducible fashion.80 The six steps are:

· Needs assessment;
· Detailed mapping of programme objectives and their behavioural and environmental determinants;
· Selecting theory-based methods, techniques and strategies to modify the determinants of behaviour and the environment;
· Producing intervention components and materials;
· Planning for adoption, implementation and sustainability; and
· Creating evaluation plans and instruments.

Intervention mapping helped us think through the stages of development in an orderly fashion. For each stage, we considered how best to combine the principles generated by our theoretical frameworks, the data from our preliminary qualitative work, and the input from our participatory design groups. The process of combining these different inputs was done through frequent discussions among the core team, followed by periods of drafting text and content which were then discussed with the software engineers, to ensure appropriate functionality. This was an iterative process, with sections of the intervention being drafted, incorporated into appropriate functionality, and reviewed by the participatory design panels. The panels also generated ideas for new content and functionality. Once the main outlines of the content and functionality were broadly agreed, we worked with the designer to ensure an aesthetic experience with intuitive navigation. These components are all described in more detail below.

[bookmark: _Toc355448114]Methods
The aim of this work package, WP C, was to develop a theoretically-informed, evidence-based online self-management programme for people with T2DM. Specific objectives (in line with objectives 3 and 5 in Chapter 3) were to:

· Set up and work with participatory design panels, reflecting our target populations (people with T2DM and HCPs)
· Recruit and work with software and web design experts to turn our concepts and proposed content into a professional, fully functional, aesthetically pleasing, and user-friendly programme
· Determine and develop the content and functionality of the programme, ensuring it is accessible to a wide demographic, including those with low literacy skills or for whom English was a second language
· Determine and develop the design and aesthetics of the programme
· Ensure the programme met appropriate information governance and technical requirements for implementation within the NHS.

Our methods for addressing each of these objectives are described below.

[bookmark: _Toc355448115]Recruitment of participatory design panels
As in our preliminary qualitative work (see Chapters 4 and 5), we conceptualised our users as HCPs caring for people with T2DM and people with T2DM. Thus we recruited two complementary participatory design panels: one of HCPs and one of people with T2DM. Both groups were recruited by advertising, supplemented with word of mouth. For the patient panel we advertised in GP practices where we had participant identification centre approval, community centres and Diabetes UK groups, and sent direct invitations to participants in WP A. We advertised for the HCP panel through personal contacts, participants in WP B, and email lists to local clinicians (e.g. the sessional GP contact list, the local locum contact list, and the performers list of local CCGs). Respondents were sent details of what was required, a person specification, and details of remuneration, and invited to submit an application and attend an interview (for health professionals) or attend a recruitment day (for patients). 

[bookmark: _Toc355448116]HCP participatory design panel
Twenty-four HCPs expressed interest in being part of the participatory group and 17 completed the necessary application process (ten GPs and seven nurses). Interviews were held in November 2011 and nine HCPs (three GPs, two practice nurses, and four diabetes specialist nurses) were appointed. Four half-day sessions were held during the development phase and panel members were remunerated with £200 for each session.

[bookmark: _Toc355448117]Patient participatory design panels
Twenty-four people with T2DM responded to the adverts and all were invited to attend a recruitment day in October 2011. The day aimed to appoint people to either a regular or occasional participatory group (see Table 8 for details of the two panels). Our rationale for having two types of panel was that we thought the regular panel would be better at helping us work through ongoing problems and check previously proposed solutions, while an occasional panel would bring a fresh eye, by being less invested in previous decisions.

Table 8: Regular and occasional panel descriptions
	Regular user panel
	Occasional user panel

	Requires long-term commitment
Minimum of 10 meetings over 12 months (roughly once a month)
Provide feedback and check improvements have been made
Heavily involved in programme development
	Requires short-term commitment
Minimum of two meetings over 12 months
Provide insight from new user’s point of view
Less involved in programme development



The criteria for appointing people to the panel included:

· Personal experience of T2DM;
· Good verbal communication skills, including the ability to interact positively with a group, explain thoughts, ideas and experiences clearly, and listen to other members;
· The ability to critically evaluate proposed materials;
· The ability to problem-solve;
· An interest in self-management;
· Commitment to the project and to helping us make the best product possible within the available resources.

In addition, we wanted to recruit a panel that varied in terms of age, gender, ethnicity, duration of diabetes, and computer skills.

To help us in these aims, we ran three sessions on the recruitment day, dividing applicants between them to obtain manageable numbers in each session. Each session ran as a mock participatory design panel, to ensure that applicants had a chance to experience the tasks they would subsequently undertake and allow us to assess their performance in these tasks. Hence within each session, the facilitator (a member of the core research team, CD, JR, or KP) explained the purpose of the session, and introduced the tasks. These included providing feedback on template designs, engaging in group discussions, using the internet and commenting on website content.

Twenty-two people attended the recruitment day, of whom we appointed eight to the regular panel and 14 to two occasional panels (seven in each).

The regular panel met eight times between November 2011 and October 2012 while each occasional panel met four times. Participants were paid £75 for each meeting attended.
[bookmark: _Toc355448118]Recruitment of software engineers and website designers
Our previous experience had underlined the importance of selecting software engineers and web designers with whom it was possible to build a productive and constructive working relationship, including open, respectful communication, mutual responsiveness to issues arising during development, and flexibility. We were keen to use an “agile” rather than a “waterfall” approach. Agile development relies on high levels of technical skills, a close working relationship between the software developers and the client, substantial user input, and simple designs to deliver working software to users at regular intervals. Agile developers accept and welcome changes to the brief that emerge during the development phase.131 In addition, we required the software engineers and website designers to have a good understanding (and preferably experience of) the challenges of developing online tools for patients’ use in the NHS. Being mindful of issues of sustainability and long-term use, we were reluctant to be tied into bespoke software which could only be maintained or adapted by one company, and hence had a preference for a company using open-source software. We approached the process of recruiting suitable partners in the following manner

[bookmark: _Toc355448119]Specification and tendering
We developed a detailed specification of our requirements, and drew up criteria for selecting a company. We then worked with UCL procurement to develop a tender document, which was widely advertised online and circulated to companies known to the eHealth unit with a track record of producing high quality software that met usability, functionality and security specifications. Interested companies were invited to an open day where we provided additional information and encouraged questions and dialogue. Eighteen companies attended of which ten submitted completed applications for the tender.

We established an appointments panel, which included an expert external advisor with experience of developing software applications for use in the NHS. Applications were ranked against the following criteria:

· Track record and ability to fulfil the website development and data collection list of duties and responsibilities
· Track record and ability to fulfil the technical and security requirements
· Track record and ability to fulfil the design skills in the list of duties and responsibilities
· Proof of highly efficient project management, communication skills and ability to adhere to timescales
· Consideration of issues around long-term sustainability and maintenance
· Costs detailed in the model pricing schedule
· Enthusiasm for the proposed project.

The four companies with the highest scores were invited to interview; the panel included an external advisor on technical and security considerations. The winning company showed insight and evidence of meeting the following criteria:

· Understanding of, and support for, the project’s aims and requirements
· Use of open source software which could be maintained and adapted by any company or software engineer with the appropriate skills
· A flexible and agile approach to development
· A user-friendly content management system (CMS)
· Compatibility with NHS systems
· A thorough testing programme prior to release
· An understanding of the importance of communication and project management
· A reasonable budget and approach to risk sharing.

Once the basic infrastructure of the intervention had been created, a web designer was recruited to help with the look, feel, navigation and usability of the final website. The software company recommended people it had worked with in the past and a designer was appointed who fitted the following selection criteria:

· Understanding of, and support for, the project aims and requirements
· Familiarity with the CMS
· The ability to work closely with the software company and UCL team
· Skills in usability testing and a portfolio that demonstrated ability to create attractive, interactive and highly usable websites.

[bookmark: _Toc355448120]Determining and developing content
Using the Corbin and Strauss model of living with an LTC sensitised us to the importance of addressing tasks relating to emotional and role management as well as those pertaining to medical management. We summarised the data on wants and needs from our qualitative work with people with T2DM and HCPs. (Table 9)

We combined this data with the Corbin and Strauss framework to provide an overall list of required content (Table 10) which we mapped against the Corbin and Strauss framework and user data to ensure we had addressed all key areas.

[bookmark: _Toc355447307]
Table 9: Summary of “wants and needs” described by people with T2DM and HCP
	
	People with T2DM (n = 20)
	HCPs (n = 18)

	Likes/content to include
	 Lots of information, e.g. medical, dietary, physical activity, alternative medicine, pregnancy, health services, practical advice about day-to-day living with diabetes including dealing with emotions
 Tools to track self-monitoring data
 Links to useful websites
 Ask the Expert function
 Frequently Asked Questions
 Personal stories
 Quizzes to test knowledge and provide feedback
	 Tailored Information and advice
 Patient stories
 Help with emotional management
 Summary self-monitoring data for each user

	Dislikes/
barriers to use
	 Messy, lots of writing
 Not relevant to British context
 Complicated or medical language
 Broken links
 Difficult to navigate
 Advertisements
	 Increase workload
 Negative impact on HCP–patient relationship
 Limited reach/increasing the digital divide

	Presentation
	 Consistent format
 Easy to navigate
 Minimal scrolling
 Pages can be printed
 Up to date
 Colourful
 Clear, concise, accessible language
 Interactive and visual (e.g. quizzes, videos, images)
	 Simple
 Interactive and visual (e.g. graphics and videos)

	Tone
	 Positive (e.g. what I can do rather than cannot do)
 Encouraging and supportive
 Fun
 Humorous
 Professional
	 Positive
 Motivating

	Engagement 
	 Easy to use
 Trusted content, e.g. recommended by HCP or recognised body
 Tailored
 Enable sharing with others (e.g. forum)
 Improve communication with HCPs (e.g. summary printouts of health information in one place)
 Email/text prompts (e.g. content updates, encouragement, appointments, prescriptions)
	 Time-saving
 Patient-led
 Effective (e.g. positive outcome data such as improved glucose control, blood pressure etc)
 Incentives (e.g. fits with the QOF)
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Table 10: Relationship between Corbin and Strauss model, data from users, and intervention components
	Key self-management tasks (Corbin and Strauss (54))
	Content from users
	Mapped intervention components

	Medical management
Example tasks to be targeted:
· Increasing knowledge
· Changing cognitions:
· Beliefs about capabilities
· Changing behaviour:
· Taking medications
· Increasing physical activity
· Smoking cessation
· Drinking in moderation
· Eating healthily
· Checking feet and eyes
· Self-monitoring blood glucose levels
· Managing interactions with health professionals
	· Food
· Weight loss
· Medicines (what they do; how to take them; potential side-effects)
· Physical activity
· Complementary medicines
· Pregnancy
· Health services available
· Expected tests/checks and what the results mean
· Tools to monitor calories, activity levels, blood glucose levels
· Summary of health data 
	Understanding diabetes
· What is diabetes?
· How my body can be affected
Staying healthy
· Why is lifestyle important?
· Looking after yourself
· Physical activity
· Taking medicines
· Eating and drinking
· Alcohol
· Smoking
· Working with my diabetes team
Treating diabetes
· How is T2DM treated?
· Tests to monitor diabetes
· Medicines
· Surgery
· Complementary medicines
· Vaccinations and immunisations
· How the NHS can help
My health record
· My health profile
· My diabetes care plan
· My appointments
· My health tracker
· My test results
· My risks
· My medicines
· My reminders

	Role management
Maintaining, changing, and creating new behaviours or life roles. For example:
· Environment
· Changing work patterns, travel arrangements, day-to-day activities
· Cognitions
· Adopting a new identity or role.
· Changes in relationships, e.g. having less time to focus on looking after others; asking your family to adopt a new diet 
	· Diabetes and shift work
· Eating out and at special occasions
· Information for friends and families
· Practical information about travel, health insurance and driving regulations
· Signpost useful organisations
· Ability to communicate with other people with diabetes and HCPs
· Information about other people’s experiences of diabetes and day-to-day living
· FAQs
	Living and working with diabetes
· Food
· Relationships
· Work
· Social life
· Travel
· Driving
· Financial support
Forum and help
· Forum
· Ask the Expert
· Useful resources
· People’s stories
· FAQs

	Emotional management
Learning to manage the many emotions commonly experienced by someone with an LTC, e.g.:
· Anger
· Fear and anxiety
· Frustration
· Sadness and depression
· Denial
· Self-efficacy
· Intentions
	· How diabetes and feelings are related
· How to manage difficult feelings
· Other’s experiences of diabetes and mood
· Focus on the positive (what can I do to improve my condition rather than what can’t I do)
· Ability to communicate with other people with diabetes and HCPs
	Managing my feelings
· Understanding my moods
· My mood tools
Forum and help
· Forum
· Useful resources
· People’s stories
· FAQs



[bookmark: _Toc355448121]Medical management and behaviour change
The overall schema in Table 10 above includes a set of behaviours which users may need to modify to achieve optimal health, namely, dietary intake, physical activity, weight management, smoking, alcohol intake, and medicines management. As these behaviours are central to achieving optimal health for everyone, not just people with T2DM, we explored the incorporation of relevant existing behaviour change modules. Our criteria included:

· That the module was available and the intellectual property (IP) owner consented to its use;
· That the module had been developed using an appropriate theoretical framework and with user input;
· Evidence of its effectiveness;
· That it could be easily incorporated into HeLP-Diabetes.

These criteria led us to select the following behaviour change modules:

1. Down Your Drink: A programme designed to help hazardous and harmful drinkers reduce their alcohol consumption to safer levels.132. An RCT comparing Down Your Drink with a simple website showed that participants in both groups reduced their alcohol consumption by about half, sustained at 12 months. However, there was no difference between groups.133 The IP was co-owned by chief investigator EM, so it was a good case study for working through the challenges of incorporating a module into HeLP-Diabetes (including IP, governance, software compatibility and adapting the appearance and aesthetics).
POWeR (Positive Online Weight Reduction): A weight-loss programme developed by co-investigator LY using LifeGuide software (https://www.lifeguideonline.org/), which adopted a CBT-based approach to weight loss. It had been shown to be effective in an RCT.134 
Stop Advisor: A smoking cessation programme, developed using LifeGuide software, and shown to be effective.135 The IP was co-owned by our co-investigator SM.

These three modules were shared with our participatory design panels who agreed they should be incorporated. Ideally, we would have liked to modify these modules to make them explicitly relevant to people with diabetes, but for technical reasons the only one we could modify was Down Your Drink. LifeGuide software proved impossible to convert to the software used in HeLP-Diabetes, so POWeR and Stop Advisor had to be imported as an iFrame and could not be modified.

We were unable to identify appropriate programmes for eating healthily, being more physically active, or managing medicines. Hence we developed modules addressing these behaviours. To do this, we selected BCTs from the Abraham and Michie taxonomy55 that had been shown to be effective. For example, “Goal-setting (behaviour)”; “Action planning”; “Review behavioural goals”; “Problem solving”; “Prompt self-monitoring” and “Provide feedback on performance” were chosen as these techniques have been associated with positive outcomes of previous behaviour change interventions59, 61, 136 and are consistent with Self-regulation (control) Theory. 137 “Prompt self-monitoring” and “Provide feedback on performance” were also the most commonly used techniques in interventions that had an impact on glucose control.38 

From the qualitative work, users identified the following additional BCTs as useful and engaging: “Information provision” on a variety of areas (antecedents, consequences etc); “Instructions on how to perform behaviours” (e.g. exercises, injections); “Social support”; “Social comparisons”; “Self-monitoring” of behaviour and outcomes; “Prompts”; and “Adding objects to the environment”.

Applying these techniques led us to develop a content outline for each behaviour change module consisting of the following headings: Understand; Decide; Plan; Staying motivated. The section titled “Understand” aimed to help users understand the rationale for targeting each behaviour and how change could be achieved. Hence the BCTs used included “Information provision” about the expected physical and emotional benefits of the change, and “Instructions on how to perform behaviours”. The aim of the “Decide” section was to help users decide whether or not to target that particular behaviour. BCTs included “Self-assessment” and “Feedback” on current behaviour. The “Plan” section aimed to encourage users to commit to making the change and consider how they would do it. Hence BCTs included “Action planning”, “Goal setting”, and “Problem solving”. Finally, “Staying motivated” aimed to help users maintain their planned behaviour change and included the BCTs “Self-monitoring”, “Review goals”, “Provide feedback”, “Prompt self-rewards”, and “Prompts/reminders”.

Content and functionality, developed by the team in close collaboration with the software and web designers, were shown iteratively to the participatory groups and wider team in workshops, to solicit feedback on any changes needed to improve accuracy, acceptability and usability.

[bookmark: _Toc355448122]Emotional management
The Corbin and Strauss model emphasises the central importance of managing the strong negative emotions that arise from having an LTC, and this had been confirmed by our qualitative work: people with T2DM and HCPs had both stressed the emotional burden of diabetes. On this basis, we took a three-pronged approach to helping users manage these emotions: a) all content should be presented in a positive and supportive manner; b) we would include opportunities to learn about the experiences of other people with T2DM; and c) we would have specific modules aimed at managing emotions.

As the evidence for the use of computerised CBT for treating depression, anxiety and other mental health problems was strong,(138-141) we decided to include some CBT-based modules. We searched for existing digital interventions that had been shown to be effective in reducing mild to moderate anxiety and depression. Living Life to the Full (LLTF) was chosen as it was freely available, was UK-centric (an important factor for engagement to our users), had been developed with user input, and been shown to be effective in reducing depression and anxiety.142. LLTF teaches people key skills in tackling and responding to the challenges and demands of everyday living. We worked with its developer, Professor Chris Williams, and our participatory design panel to adapt the LLTF material to make it more suitable for people with T2DM.

Users had said that hearing other people’s experiences and responses to similar challenges could be beneficial, and this view was supported by the research,36 which showed that hearing or reading about other people facing similar problems had the potential to enhance perceived social support and coping mechanisms. Moreover, evidence suggests that people with low literacy or low health literacy are more able to understand experiential information embedded in a patient’s story than abstract information.(143-145) The world leader in provision of such personal stories is healthtalk.org, (at the time called HealthTalkOnline or HTO), created by the charity DIPEx (Dictionary of Patient Experiences).146, 147 HTO had created a module of patient experiences of T2DM, each with videos of about 40 interviews with people from a range of ethnic and socio-economic backgrounds. The interviews were carefully curated to present a balanced and comprehensive overview of patient experiences. We approached the academic lead for HTO, Professor Sue Ziebland, and the chief executive officer of DIPEx, Luis Carrasqueiro, for permission to incorporate the HTO module on T2DM, and were granted this.

We also decided to include a moderated forum, as users had requested this and the evidence suggested that forums can affect a person’s sense of social support as well as providing experiential knowledge on how to cope with conditions and stressful situations.148 Providing advice to help others has also been associated with an increase in wellbeing.(149-151)

[bookmark: _Toc355448123]Role management
The Corbin and Strauss model emphasises the profound sense of “biographical disruption”57 caused by an LTC, and our qualitative work confirmed that this was important to our users. They were particularly interested in content that would enable them to continue with aspects of daily life they had previously taken for granted, such as social occasions, holidays, travel, insurance, eating in restaurants, cafes or work canteens, and variable working hours such as shift work. 

We could find little evidence for effective interventions addressing these issues, and so were mainly guided by our participatory design panel. The resulting content included acknowledgement that the diagnosis of diabetes can be life-changing and that some previously routine activities can become challenging, and information on how to manage these. This information ranged from practical advice about managing medication and diet when working shifts, to resources around employment law, to sections from the HTO videos described above and additional videos developed in-house, detailing how other people had felt and their methods of managing these challenges. 

We also envisaged the forum as a place where users could exchange information about specific practical challenges.148

[bookmark: _Toc355448124]Accessibility: guiding principles for writing content
In parallel with determining content, we considered how the content should be presented. We wanted to ensure that the material was accessible to people with low or moderate literacy skills, or for whom English was a second language. As 85% of the UK population have a reading age of 12 or higher,152 we aimed for all our written content to have a reading age of 12 (similar to that of a tabloid newspaper). In response to requests from the patient participatory panel we ensured that key information was presented as both text and video to suit users with a range of preferred learning styles.

Presenting complex information in simple language is a skill, and one that not all academics have mastered. Hence we arranged training for the core team in writing for the web, given by a writer, editor and trainer working in publishing, journalism and public relations. This course covered key skills for presenting information clearly and concisely, targeting a reading age that reflected the national average, styling content and engaging readers. As a result of the training we developed a style guide to ensure all contributors wrote in the same style and applied the same principles.

The content to be written was then divided up among the team based on their skills and experience. For example, much of the content on medications was delegated to clinicians, whereas content on emotional management was undertaken by the psychologists. First drafts were then circulated to the rest of the team for internal review. Once agreed, content was added to the website (not live at this point) and reviewed by the participatory panels of HCPs and patients. HCPs commented on whether the content contained any factual errors, conformed with NICE guidance, was realistic in terms of routine care and likely to be acceptable to GPs, nurses and other clinicians, and whether anything was missing or could be improved. Patients commented on the look and feel, the tone, whether it met their needs, and the overall layout and navigation. In some cases this led to rewriting or reformatting content. Finally, all content was reviewed and edited by a professional editor.

[bookmark: _Toc355448125]Accessibility: film and video
Early development work indicated that written content should also be displayed in video format to make it accessible to a range of learning styles and preferences. The patient participatory group identified one particular video from the Diabetes UK website that they liked and found informative. We contacted Diabetes UK and sought permission to use this video; they agreed to this provided we included the acknowledgement “Reproduced with the kind permissions of Diabetes UK”. Diabetes UK also provided the details of the film’s producer whom we contacted to discuss amendments to the video (largely around removing content related to type 1 diabetes and adding some content). The producer was very keen to get involved and subsequently wrote, produced and edited all the videos (described next).

The participatory design group had identified key areas of information that they wanted presented in video format, which guided our decisions of what videos to create. Firstly they wanted an explanation of what T2DM is. This content was delivered as animation, “Explaining type 2 diabetes”. Secondly the group wanted videos that explained important aspects of self-management. Four videos were created that combined animation, health professional interviews and personal accounts of people with T2DM, talking about diet, losing weight, physical activity and taking medications. Finally, the participatory group wanted videos that gave examples of exercises that they could perform. We worked with a personal trainer (identified through the PPI panel), and the director to devise a series of 34 exercise videos that demonstrated exercises that could be performed at home. Three people with T2DM appeared in these videos alongside the personal trainer. Videos demonstrated exercises for beginners and reduced mobility, intermediate fitness levels and more advanced fitness levels. All videos were “bite-sized” and users could create a playlist, with continuous playback so they could follow a circuit at home.

Thus the final selection of videos included key information about the nature of diabetes, its treatment and the importance of self-management; the experience of having diabetes (which also conveyed information); and exercise videos.
[bookmark: _Toc355448126]Web design
We contracted a web designer to make the intervention attractive, user-friendly and easy to navigate, and to ensure that it satisfied the Royal National Institute for the Blind (RNIB) guidance for accessibility. 

Specific objectives were to restyle the default template to improve attractiveness and readability, design an attractive and simple-to-use home page that provided easy access to all the functionality of the website, ensure the menu structure and navigation tools were simple and easy to use, and to create custom artwork (text boxes, images, animation) for relevant articles. 

The web designer was also responsible for sourcing and creating images for the website. These were sourced from Shutter Stock and Getty Images, or taken by the designer. The web designer adhered to the principles laid out in the style guide and also contributed to this style guide.

One technique used in HCI and web design to improve the usability of a digital intervention is the “user journey”.153 This involves working with either real users or prototypical personae, identifying how they will use the proposed intervention, and ensuring that they can find what they are looking for quickly and easily. Together with our web designer we created seven personae which between them represented a diverse spectrum of patient characteristics (based on age, gender, ethnicity, duration of diabetes, health literacy, computer skills, motivation, diabetes treatment and social circumstances) to help illustrate the range of user needs. These user journeys helped guide the preliminary development of the navigation and site layout, which was then reviewed and refined by our participatory design panels.

[bookmark: _Toc355448127]Iterative testing and piloting
HeLP-Diabetes was extensively tested and piloted throughout the development process and before going “live”. Testing and piloting included the following procedures.
Multi-disciplinary reviews
All content and functionality were iteratively tested and reviewed by our patient and HCP participatory design panels. HCP review focused on ensuring that the content was consistent with NICE guidelines, evidence from clinical trials and best clinical practice. Additional checking was undertaken by the multidisciplinary diabetes team at the Whittington Hospital, led by co-investigator and consultant in diabetes Maria Barnard. Our multi-disciplinary steering group also reviewed and commented on the intervention during development and before it went live.
Usability testing
We also undertook formal usability testing on the near-final (beta) version of the intervention. Users with little or no previous experience of the intervention were observed carrying out a series of pre-defined tasks. The sessions were recorded using screen capture and audio-recording software. The data from these tests were reviewed by the web designer to optimise the navigation, look and feel of the intervention and improve the usability of the interactive tools for quizzes, videos and goal-setting.
Bug fixing
We developed multiple systems for reporting technical malfunctions and errors. A tool was installed on the website, visible on all pages, that allowed users of the development site to instantly report a problem to the software developers. The report included details of the page being viewed and the operating system and browser being used to allow the conditions leading to errors to be recreated. The main difficulties were from the Internet Explorer IE7 and IE8 browsers but as these were commonly used on NHS IT systems, the browsers were actively supported even though the technology was old and heading for obsolescence. 

Early prototypes were subjected to intensive internal testing by the UCL team and problems reported to the software team. Errors picked up by the patient participatory panel at home or during workshops were carefully documented and reported to the software company. Weekly meetings with the software company were used to discuss progress and review results of bug fixing.
Editing
Thorough proof-reading and editing were essential for credibility and maintaining users’ trust in the intervention,83 as discussed in Chapter 4. We employed a full-time editor for the last 3 months of the development period to check every page for spelling and grammatical errors and ensure adherence to the style guide.
Piloting
The final testing was undertaken with two people with T2DM registered at the practice where co-investigator KP worked as a GP. This piloting aimed to test functionality and sign-up procedures in a real clinical context and identify any serious problems that could impact on deployment of the intervention in the RCT and implementation study.

[bookmark: _Toc355448128]Technical specifications and information governance
As set out under Methods above, one important objective was to ensure the programme met the appropriate information governance and technical requirements for implementation within the NHS. This governed many of our choices for the website software and platform.

HeLP-Diabetes was created using the Joomla 2.5 CMS. The criteria for selecting a CMS included:

1. An intuitive interface for content management that the UCL team could be trained to use.
The ability to create open-source content in a system that was widely supported, to minimise risks — i.e. development could be taken over by another software company if needed at the end of the contract or if the contract needed to be terminated early. This also supported the requirement for UCL to own the IP and code created as part of the project rather than simply owning a license.
High levels of security that would enable the final intervention to meet information security standard ISO 270001, as required by the NHS and similar bodies.
The ability to create attractive, function-rich and easy-to-use websites. A vibrant and stable development community that ensured the CMS would improve and evolve over time and be regularly updated and patched to deal with new security vulnerabilities or other technical anomalies.

The final intervention was hosted in an ISO 27001-certified environment within England and security audits were done as required by the NHS Information Governance Toolkit. The intervention was run on a LAMP stack (i.e. using the Linux operating system, Apache server, MijoSQL database system and PHP programming language) outside the NHS N3 national broadband network. Hosting the intervention within the N3 environment would have significantly increased development time and costs, which would not have been feasible within our timelines and budget.

[bookmark: _Toc355448129]Links with the GP electronic medical record
Our initial application stated that we would link patient’s EMR with the HeLP-Diabetes intervention and our qualitative work with people with T2DM confirmed that patients would like to have access to selected parts of their record (see Chapter 4). Clinicians were much more hesitant, voicing concerns about security, privacy and the possibility of patients misunderstanding, or being upset by, information in the EMR (see Chapter 5).

We worked hard to find a compromise that would be acceptable to both sets of users. The final proposal, agreed by our participatory design panels, was that the summary problem list, medication list, and results of investigations (once signed off by the GP) could be exported to HeLP-Diabetes.

We were initially successful (in 2012) in establishing an interface with the EMR for patients registered with GPs who used the EMIS (formerly Egton Medical Information Systems) medical records system, thanks to our co-investigator, Brian Fisher, who was a director of the Patient Access to Electronic Record Systems (PAERS) company. This was a considerable challenge, both technically and from a clinical governance perspective. The system allowed for registered users of HeLP-Diabetes, with their GP’s permission, to access summary data from the EMIS EMR, via the PAERS gateway, and upload it into the My Health Record section of HeLP-Diabetes.

However, EMIS subsequently (2012–13) updated its software; this update no longer supported the PAERS gateway, meaning we could no longer link HeLP-Diabetes with the EMR. We explored alternatives, including the Medical Interoperability Gateway (MIG), provided by Healthcare Gateway who had been charged by the Department of Health with arranging and allowing shared access to GP EMRs. However, the MIG business model was aimed at CCGs and similar large organisations, and its costing structure was based on whole CCGs. As we needed access to individual patient records across different CCGs this was not appropriate, nor was it affordable. Costs quoted to us, including a discount for academic use, were of the order of £50,000 start-up fees followed by £100,000 per annum.

We were therefore unable to provide a link to the patient EMR as part of the HeLP-Diabetes programme.

[bookmark: _Toc355448130]Maintenance and updating
One key feature of HeLP-Diabetes was that it contained information that was up-to-date and reflected current best practice. Moreover, out-of-date content and broken hyperlinks are known to undermine trust83 (see Chapter 4). In addition, Joomla and the other software used in the intervention were likely to undergo regular upgrades which would affect performance. It was therefore essential to have a system for regular updates and good technical maintenance.

We established a maintenance contract with our software design company to cover bug fixes and upgrades to Joomla, other software, servers and browsers. This contract also allowed us to update content and, within limits, functionality.

To keep the content up to date we established a system of monthly multi-disciplinary meetings, including an information scientist based at the local medical library, clinicians (GPs, diabetes specialist nurses), health service researchers, psychologists and PPI representatives (who had been involved in participatory design). The core academic team and the information scientist scanned the literature for topical stories that would interest our users, such as new research about treatments, new guidance from NICE, or reports on diabetes care. These news stories were discussed, and the team selected two or three to write up. The criteria for selection included relevance to patients, underlying positive message (e.g. benefits of a new treatment, or behaviour change, rather than “bad news” about, for example, complication risks or survival), and that over a period of time we covered a broad range of relevant topics. 

Where there was important but negative news or research, we were careful to frame it in a way that encouraged and enabled people to avoid negative outcomes. Articles were written by one member of the team, and commented on by PPI and the rest of the team to ensure they were accurate, easily comprehensible, conveyed a clear message, and would not depress our users. These articles were sent out to registered users in regular newsletters (see below for more detail) and added to the main intervention. Each time we added a new article to the intervention, we checked that there was no conflict between the new material and any pre-existing material.

In addition to these monthly updates we checked every page of the website at least annually to ensure factual accuracy, consistency with latest guidance, and full functionality.

Major reviews of the intervention were also required, although it was not clear how often these should be scheduled. The intervention was “completed” in early 2013; in 2015 we undertook a major review. The timing of this review was triggered by the publication of the revised NICE guidance for T2DM. For this review we set up multi-disciplinary working groups of PPIs, clinicians, researchers and administrative support. Each working group took several sections of the intervention and, over a series of workshops, reviewed the content, navigation, design, illustrations and functionality, generating lists of changes that were either required or desired. All the required changes were undertaken, and as many of the desired changes as feasible within the budget and time available.

This sort of major review is expensive and time consuming, and the frequency of such reviews will be a significant determinant of the ongoing costs associated with long-term dissemination of the programme.

[bookmark: _Toc355448131]Results
The final intervention was (and is) a very large website, with over 560 pages.
[bookmark: _Toc355448132]Content
The overall content was broken down into eight sections:
1. Understanding diabetes (145 pages; information about the nature and causes of diabetes, and how it affects the body);
Staying healthy (107 pages; motivational material about how to maintain optimal physical and emotional health and the importance of self-management; new behaviour change modules and previously validated programmes for diet, weight loss, physical activity, smoking cessation, moderating alcohol intake, and taking medicines);
Treating diabetes (70 pages; information about medications used in diabetes, including information about indications, side effects and monitoring; importance of managing cardiovascular risk factors as well as glycaemic levels; importance of regular monitoring to prevent retinopathy, neuropathy and nephropathy; and types and roles of different HCPs in caring for people with diabetes);
Living and working with diabetes (87 pages; focus on managing social and work situations, such as shift work, parties, or holidays; impact on relationships, including sexual relationships; and possible impact on emotions and feelings of self-worth);
Managing my feelings (61 pages; self-assessment tools for identifying low mood; CBT modules; mindfulness-based approaches);
My health record (45 pages; opportunity to record appointments with HCPs and results of tests or self-monitoring, with opportunities for graphical displays and feedback);
News and research (16 pages; updates about diabetes treatment, in-depth articles about seminal research papers); and information for HCPs such as NICE guidelines;
Forum and help (28 pages; moderated forum; videos of personal stories about diabetes used with license from healthtalk.org; additional resources, including local resources tailored to the CCG).

Each section combined written information with videos and other graphics. There were interactive and tailored components in each section apart from news and research. Behaviour change and emotional management sections included opportunities for self-assessment, in the form of validated questionnaires with automated feedback which contained recommendations for action. Users could set the programme to send them automated texts or email reminders and alerts when new entries were posted in the forum. They could opt out of the regular engagement emails and newsletters described below.

More details of the website’s content, with screen shots, are provided in Appendix 1, with a site map in Appendix 2.

[bookmark: _Toc355448133]Registration and facilitation
Our grant proposal had emphasised that the intervention would be more than just the web-based programme. We conceptualised it as consisting of interactions between people with T2DM and their HCP, and the web programme. We thought it important that patients be introduced to the programme by an HCP, as we thought this would demonstrate that the programme was part of the overall care offered by the NHS and that their HCP felt they would benefit from using the programme; HCP input could also help overcome the digital divide. 

In our initial application we described three ways in which HCP could support use of the intervention: a) initial registration and introduction to the programme; b) follow-up phone calls to promote use and address any technical difficulties the user was experiencing; and c) making reference to the programme within consultations, for example by reviewing progress against personal goals, discussing self-monitoring data, or suggesting that a patient could benefit from a particular section.

Our qualitative work described in Chapters 4 and 5 showed that we needed to revise this model. Although people with T2DM welcomed HCP input, both they and HCPs felt that our suggestions were unrealistic. Thus we refined our model for the trial (see Chapter 7), limiting the facilitation to registration and an initial demonstration of the site (undertaken in one 20-minute appointment). For the implementation study (see Chapter 9), we had to refine the model still further, reducing HCP input to a minimum with a 5-minute registration process; even this proved overly burdensome for some practices, leading to the development of a patient self-registration model.

[bookmark: _Toc355448134]Encouraging engagement
Further encouragement for people with T2DM to engage with the programme came through regular email or (later) SMS prompts. Emails started in November 2013 and consisted of either a short, two or three-line text with a single message and link to the relevant section of the website; or a longer newsletter (one A4 page), which summarised recent research or news, explained what this meant for people with T2DM, and contained a paragraph or two on a specific health promotion or feature of the programme, all with relevant links.

In October 2014 we added SMS prompts. These were very brief, with one clear message, and a link to the programme. 

Examples of the shorter emails included a seasonal reminder of the importance of flu vaccinations for people with T2DM, with a link to the HeLP-Diabetes site explaining how and why they were beneficial and reminding them that GPs offered free flu jabs. We sent around three prompts per month — usually two short emails or SMS plus one longer newsletter. Users could opt out of receiving prompts.

The procedure for writing newsletters is described above (under Maintenance). The development of the shorter emails and SMS followed a similar process, with the multidisciplinary team coming up with ideas, which were then prioritised in discussion with PPI. Emails or SMS were then drafted by one team member, and reviewed by the rest of the team and at least two PPI members.

We undertook some formative evaluation of the engagement emails, newsletters and SMS, exploring quantitative data on which emails or newsletters were opened, and whether users who opened these subsequently visited the intervention. These data suggested a small positive effect on engagement. We also undertook usability testing and qualitative interviews exploring which features of the emails or newsletters were perceived as interesting or attractive, and what features would promote opening them and subsequently visiting the intervention. 

These interviews showed that engagement prompts should be short, easy to understand, contain plenty of links to the main intervention, provide non-directive advice, be personalised and contain news and updates around topics of interest to users. The use of bullet points, pictures and bold colours encouraged users to read the prompts and follow the links to the intervention. Examples of emails and newsletters sent can be found in Appendices 3 and 4.

[bookmark: _Toc355448135]Discussion
It can be seen from the information above that developing HeLP-Diabetes was resource-intensive, requiring input from a multi-disciplinary team which included substantial user representation, and having a strong theoretical underpinning. HeLP-Diabetes took 2 years to develop, and requires significant ongoing investment to maintain. We believe that this careful approach, combining participatory design with theoretical underpinning, academic rigour and an agile approach to software and web design, is a key factor explaining the results of the evaluations reported in the following chapters.


[bookmark: _Toc355448136]Chapter 7: Randomised controlled trial of HeLP-Diabetes
[bookmark: _Toc355448137]Summary
Previous chapters have described the work leading up to the development of HeLP-Diabetes and a detailed description of the programme itself. This chapter describes the evaluation of the programme in a multi-centre individually randomised controlled trial in primary care. The protocol and the statistical analysis plan for the RCT  can be found on https://www.journalslibrary.nihr.ac.uk/programmes/pgfar/RP-PG-0609-10135/#/

We recruited adults aged 18 or over with T2DM registered with participating general practices. Consenting participants were randomised to receive either HeLP-Diabetes, or a simple, information-only, comparator website. We collected data online, with baseline data collected prior to randomisation. Joint primary outcomes were diabetes control, measured by HbA1c, and diabetes-related distress, measured by the PAID scale. Secondary outcomes included clinical data, emotional state, satisfaction; health economic outcomes were QALYs and health service usage. Follow-up was at 3 months and 12 months after randomisation, with 12 months the primary outcome point. 

We calculated that a sample size of 350 participants randomised and 85% follow-up would provide 90% power at the 5% level of significance to detect a 0.25% difference in Hba1c and a 4.0 difference in PAID scores (reflecting the minimal clinically important differences). The analysis compared groups as randomised (intention to treat) using a linear mixed effects model, adjusted for baseline data with multiple imputation of missing values.

We recruited 374 participants between September 2013 and December 2014. Of these, 185 were allocated to the intervention and 189 to the control. Final (12-month) follow-up data for HbA1c were available for 318 (85%) and for PAID 337 (90%) of participants. Of these, 291 (78%) and 321 (86%) responses were recorded within the pre-defined window of 10 to 14 months. Participants in the intervention group had lower HbA1c than those in the control (mean difference –0.24%; 95% Confidence Interval –0.44 to –0.049; p = 0.014). There was no significant overall difference between groups in the mean PAID score (mean difference –1.5; 95% CI –3.9 to 0.9, p = 0.21), but pre-specified subgroup analysis showed a beneficial impact of the intervention in participants who had been diagnosed more recently (p = 0.004). We conclude that this evidence-based, theoretically informed self-management programme should be added to the menu of options available for patients with T2DM in the NHS. 

The health economic analysis is described in Chapter 8. 

[bookmark: _Toc355448138]Background
The rationale for developing a web-based self-management programme for people with T2DM has been addressed in Chapter 2. Here we focus on the rationale for the selected trial methods, including the decisions on the population eligible, individual versus cluster randomisation, the choice of two primary outcomes, and web-based data collection. We also comment on the impact of the closure of the MRC GPRF, and the impact this had on the conduct of the trial. 

Our specification of the trial population reflected the overall goal of the programme grant, which was to develop a self-management programme that could be used by the great majority of people with T2DM in the UK. Hence we deliberately kept the inclusion criteria wide, and the number of exclusion criteria to the minimum compatible with ethical obligations (e.g. the ability to provide informed consent) and pragmatic considerations (e.g. the physical and mental capacity to use a web programme on a computer). There were potential disadvantages to this approach, including a floor effect, where recruited patients were already so well controlled that there was little or no room for improvement, but we thought this risk worth taking to maximise the likelihood of the results being generalisable to the relevant population (people with T2DM registered with a GP in the UK). 

We debated whether the trial should be cluster randomised or individually-randomised. Cluster randomisation had the potential to make recruitment easier, as all patients in participating practices could be referred to the allocated intervention; however, we thought it had greater potential to introduce bias, as GPs would know which intervention patients received, which could influence referral patterns, and patients would know which intervention they received, which could influence participation rates. The main risk of bias with individual randomisation was the potential for contamination, where patients from the same household or social circle were randomised to different interventions, and exchanged user names and passwords. This risk was monitored, by looking for participants with similar names and addresses, and allowing for this in the sensitivity analyses.

The choice of joint primary outcomes was also considered at length. The rationale for two primary outcomes was that these outcomes reflected the twin aims of the intervention: to improve diabetes control and to reduce diabetes-related distress. Around 40 per cent of people with T2DM have significant levels of distress, which severely impacts on quality of life,154 and diabetes-related distress is an important outcome for patients.155 Our PPI panel was clear that this should be a primary outcome, and the importance of emotional wellbeing for people with diabetes has been described in Chapters 2 and 4. In contrast, a number of HCPs stated categorically that they were only interested in patients’ levels of HbA1c as a measure of diabetes control, and that a reduction in distress without an improvement in diabetes control would not be considered a worthwhile outcome, and would not lead them to promote or adopt HeLP-Diabetes in their clinical practice. By adopting both as joint primary outcomes we were able to reflect the priorities of both groups of stakeholders, and ensure the results of the trial could be compared with alternative self-management programmes and included in meta-analyses, as HbA1c is almost universally reported in trials of self-management interventions for diabetes. In line with previous trials in this area,156 we decided to adopt both as co-primary outcomes and to test both at a 5 per cent level of significance.157

Much of the trial was conducted online. Online trials have several advantages, including reduced costs, as participants enter their self-reported data directly into a web-based form, which is automatically transferred to the trial database, avoiding the need for double data-entry.158 Online data collection also has the potential to reduce the amount of missing data, as the questionnaires can be designed not to allow participants to progress until all questions on a page are completed. The main disadvantages with online trials are difficulty in characterising the population from which the sample was recruited, and poor retention.158 

Our selected design aimed to maximise the benefits of online data collection while minimising the disadvantages. By recruiting through general practice we had a defined population and participants had face-to-face contact with the practice research nurses, thus engendering the feeling of belonging to an important endeavour which has been identified as promoting retention to trials. Furthermore, our design dictated that patients could only be randomised once their baseline data, collected using the web-based form, was complete, thus ensuring a more engaged trial population.

The main disadvantage of working with general practices was the problem of blinding nurses involved in data collection. Our original plan had been to run the trial through the MRC GPRF. Practices in the GPRF employed additional nurses to act as research nurses. These nurses were trained in research methods and good clinical practice, and understood the importance of obtaining informed consent, remaining blind to intervention allocation, and obtaining complete follow-up data. Unfortunately the GPRF closed between the NIHR decision to fund the overall programme grant and the start of the trial. Its work was subsumed into the PCRN. Practices in the PCRN were often less well-resourced than GPRF practices, and many did not have sufficient nursing staff for one nurse to act as a practice nurse (training participants in use of the intervention, providing routine clinical care) and one to act as a research nurse (blind to allocated intervention, collecting follow-up data). In many practices, the decision to participate in research was made by the GPs, but the work was undertaken by nurses. These nurses did not always have any interest in, or understanding of, research methods, and as the research component of their job was often additional to their clinical work, it often took low priority. In some areas the PCRN had employed and trained research nurses, but as the goal of the PCRN was to facilitate recruitment to studies, these nurses were seldom able to help with follow-up.

We addressed these challenges by adopting a flexible approach to working with practices, and using funds that had been allocated to the GPRF for data collection and quality control. Where practices had two nurses, we reimbursed the practice for the work of data collection and follow-up. Recruitment costs were covered by service support costs. Where practices had only one nurse, we negotiated with the local PCRN, to identify the best use of available resource. Often this resulted in the PCRN nurse undertaking recruitment and initial training of participants, while the practice nurse undertook follow-up data collection. Occasionally, we directly reimbursed the PCRN nurse for undertaking follow-up. We also communicated closely with the practice nurses in participating practices, and tried to find individual solutions for each practice (for example, offering overtime payments, or finding some other incentive that was acceptable to the practice and the nurse). 

[bookmark: _Toc355448139]Aims and objectives
The aims of the trial were to meet the programme’s evaluation objectives (see Chapter 3):

5. Determine the effect of HeLP-Diabetes on clinical outcomes and HRQoL in people with T2DM;
6. Determine the incremental cost-effectiveness of the intervention compared to usual care from the perspectives of health and personal social services and wider public sector resources.

Hypothesis: that use of the intervention would improve diabetes-related quality of life and health status. 

The health economic analysis is reported in the next chapter. 

[bookmark: _Toc355448140]Methods
Design: Multi-centre, two-arm individually randomised controlled trial in primary care. 
Setting: General practices in England.
[bookmark: _Toc355448141]Participants
Participants were adults, aged 18 or over, with T2DM, registered with participating general practices. In order to maximise the ability to generalise from the results of this pragmatic trial, exclusion criteria were kept to a minimum. We excluded people who were unable to provide informed consent, e.g. due to psychosis, dementia or severe learning difficulties; terminally ill with less than 12 months’ life expectancy; unable to use a computer due to severe mental or physical impairment; unable to use the intervention due to insufficient mastery of spoken or written English; and those who were currently participating in a trial of an alternative self-management programme. Participants did not need home internet access or prior experience of using the internet to take part. Those with previous or current experience of self-management education were eligible to participate. 

[bookmark: _Toc355448142]Recruitment
Recruitment took place in two stages: first we recruited practices through research networks including the PCRN and the North Central London Research Consortium (NoCLOR). Once a practice had agreed to participate and completed set up procedures, participant recruitment started.

Patient recruitment followed standard opt-in procedures. Each practice had a register of patients with T2DM as required by the QOF. A nurse or other qualified health professional reviewed the EMR of each patient on this register to screen out those ineligible. All those remaining were sent a letter from their GP inviting them to participate in the study. A participant information sheet, consent form, expression of interest and stamped addressed envelope were included. Patients who were interested in participating were asked to return the expression of interest form to the trial manager.

On receipt of expressions of interest, the trial manager contacted the practice research nurse who offered the patient an appointment at the practice. This provided patients with an opportunity to discuss the pros and cons of participation and, if they wished to proceed, sign the consent form. Baseline clinical data were obtained either at this appointment or a subsequent one. After signing the consent form, patients were asked to complete the self-report baseline data, and only once all baseline forms were completed were patients randomised. Randomisation marked the point of study entry.

[bookmark: _Toc355448143]Randomisation
Randomisation was performed centrally using a web-based randomisation system provided by Sealed EnvelopeTM (London, www.sealedenvelope.com). Randomisation was at the level of the individual participant, and conducted using random permuted blocks of sizes 2, 4 and 6, stratified by recruitment centre. The practice nurse was informed which arm the participant had been randomised to, so that those in the intervention arm could be offered the training appointment.

[bookmark: _Toc355448144]Intervention
The intervention consisted of facilitated and supported access to HeLP-Diabetes. There were three components to the supported access: first an introductory training session, secondly supportive follow-up phone calls, and thirdly, ongoing discussion of patient’s self-management goals in routine appointments for diabetes-related matters.

In the training session, practice nurses registered the patient on either the intervention or the comparator website and gave the patient a booklet containing the unique resource locator (URL) for the programme, the participant’s log-in details, and information about the content of the website and how best to use it (see Appendix 5 for a copy of the booklet for the intervention site – a similar booklet was provided for the comparator site). Nurses showed the patient how to access the website, and introduced them to the main content areas. The nurse was asked to discuss with the patient what the patient’s most pressing needs were and use this to guide the patient toward certain sections, such as improving diet, being more physically active, or managing emotions. Follow-up phone calls were offered to support the patient in use of the programme. Nurses and doctors in participating practices were asked to refer to the programme in consultations with participating patients and to integrate information from the programme into management plans.

HeLP-Diabetes was a theoretically informed web-based programme whose overall goals were to improve health outcomes and reduce diabetes-related distress.159 Overall content was guided by the Corbin and Strauss model of managing an LTC which posits that patients must undertake medical, emotional and role management.54 It was developed using participatory design principles, with substantial input from users, defined as people with T2DM and health professionals caring for such patients. All content was evidence-based, drawing on evidence on management of diabetes and promoting behaviour change and emotional wellbeing. 

The HeLP-Diabetes website contained information sections on diabetes, how diabetes is treated, possible complications of diabetes, possible impacts of diabetes on relationships at home and at work, dealing with unusual situations like parties, holidays, travelling or shift work, and what lifestyle modifications will improve health. Further sections addressed skills and behaviour change, including modules on eating healthily, losing weight, being more physically active, smoking cessation, moderating alcohol consumption, managing medicines, glycaemic control and blood pressure control. Users could set the programme to send themselves reminder text messages or emails, and could specify the content and frequency of such reminders. 

The third strand of components focused on emotional wellbeing, with self-help tools based on CBT and mindfulness. There were multiple personal stories (used with license from patient experiences website healthtalk.org, www.healthtalk.org), and a moderated forum. Participants were free to use the programme as much or as little as they chose. Engagement was promoted through regular newsletters, emails and SMS containing updates on latest diabetes-related research or practice, seasonally relevant advice (e.g. on fasting during Ramadan, benefits of ’flu vaccinations), and links to specific relevant parts of the programme. Two or three prompts were sent each month, although users could opt out of receiving them. For more information about the HeLP-Diabetes programme, email and SMS prompts see Chapter 6.

[bookmark: _Toc355448145]Comparator
From an NHS perspective, the important research question was whether the proposed intervention could improve health outcomes when compared to current practice. However, to improve acceptability to participants and help maintain blinding, all participants had access to a website. Participants in the control arm were given access to a simple information website, based on the information available on the Diabetes UK and NHS Choices websites (www.diabetes.org.uk and www.nhs.uk). These participants were also given a booklet with the URL and user log-in details, but did not have the introductory session with the nurses as the site was very limited and needed no introduction or training in its use. 


[bookmark: _Toc355448146]Outcomes and outcome measures
[bookmark: _Toc355448147]Primary outcomes
The outcomes to be measured reflected our aims of improving clinical outcomes and HRQoL. We selected two primary outcomes: HbA1c, and diabetes-related distress measured by the PAID scale.160, 161 PAID has 20 items focusing on areas that cause difficulty for people living with diabetes, including social situations, food, friends and family, diabetes treatment, relationships with HCPs and social support. It has been the subject of a number of reviews comparing available quality of life measures for diabetes. Eigenmann assessed available measures against criteria of reliability; content, face, construct, criterion and convergent validity; responsiveness to change; interpretability; response burden; acceptability and availability, and concluded that PAID was one of three measures that met all criteria.162 It is sensitive to change and has been widely used to evaluate self-management programmes for people with T2DM including the influential DESMOND trial.15

[bookmark: _Toc355448148]Secondary outcomes
Secondary outcomes were selected to reflect the proposed pathway of action of our intervention and allow health economic analysis. They can be categorised as clinical, patient-reported, or economic. 

Clinical outcomes included:

· Systolic and diastolic blood pressure (SBP and DBP);
· Body mass index (BMI);
· Total cholesterol and high-density lipoprotein cholesterol (HDL-C) (not fasting);
· Completion of “nine essential processes” (weight, blood pressure, smoking status, measurement of serum creatinine, cholesterol and HbA1c, urinary albumen, and assessment of eyes and feet). Data were obtained from notes for the 12 months prior to randomisation and the 12 months after randomisation at the 12 month follow-up point. 

Patient-reported outcomes:
· Depression and anxiety, measured using the Hospital Anxiety and Depression ScaleHADS;13
· Diabetes-related self-efficacy measured using the Diabetes Management Self-Efficacy ScaleDMSES;163
· Satisfaction with treatment, measures using the Diabetes Satisfaction with Treatment Questionnaire status and change versions (DTSQs & DTSQc).15

In addition we used automated software to automatically record each participant’s use of the intervention (date and time of log-ins, pages visited).

[bookmark: _Toc355448149]Data collection
Each practice provided information on the number of invitation letters sent out, and the age and gender of the patients invited. Baseline data collection covered patient demographic, clinical and other descriptive data. Demographic data consisted of age, gender, highest educational attainment, ethnicity, current employment status, presence or absence of home internet access, level of expertise in computer use, and current or previous participation in DSME.

Baseline clinical data obtained from the medical record included: 
· Date of diagnosis of diabetes; 
· HbA1c, blood pressure, total cholesterol, HDL-C and smoking status at time of diagnosis; 
· Presence or absence and date of diagnosis of complications of diabetes including ischaemic heart disease, myocardial infarction, congestive cardiac failure, atrial fibrillation, peripheral vascular disease, amputation, cerebrovascular disease, retinopathy, renal failure and neuropathy;
· List of current medications. 

Additional clinical data on height (cm), weight (kg), SBP and DBP, current smoking status, and current levels of HbA1c, total cholesterol and HDL-C were obtained during the baseline visit.

Baseline patient reported outcomes included: PAID, HADS, DTSQ, DMSES and the EuroQol five dimensions questionnaire, three-level version (EQ-5D-3L).

Collection of follow-up data was at 3 and 12 months, with 12 months as the primary outcome point. The window for 3-month data was 60–120 days post randomisation (90 days +/– 30 days), while that for the 12-month data was 305–425 days (365 days +/– 60 days).

Health service use was recorded for the past 6 months at baseline, the past 3 months at 3-month follow-up and the past 9 months at 12 month follow-up. Data on completion of the nine essential processes were collected from the GP record for the 12 months prior to randomisation and the 12 months after randomisation at the 12-month follow-up point.

Standard operating procedures (SOPs) covered every aspect of data collection and nurses were trained in these procedures. Adherence to SOP was monitored. Participants completed self-reported questionnaires (demographics, PAID, HADS, DMSES, DTSQ and EQ-5D-3L) online, prior to the nurse recording clinical outcomes and taking blood for HbA1c and lipids. The nurse entered all clinical data directly into the online database and extracted health service use data from the clinical record. 

[bookmark: _Toc355448150]Concealment of allocation and protection against bias
After baseline data had been obtained, randomisation was performed centrally. Allocation was not revealed to the participants, who were informed only that the trial would compare two forms of web-based education for diabetes; in order to maintain blinding of participants they were not given details of the differences between the two websites. Practice nurses were provided with similar-looking booklets for the comparator and intervention websites. Potential contamination was monitored by recording participants with similar family names and identifying those with the same addresses. Where this occurred, it was dealt with in the analysis by reporting the extent and undertaking a sensitivity analysis excluding these individuals. 

The risk of bias in collection of follow-up data was minimised by using standardised data collection instruments, with participants completing self-assessment questionnaires before seeing the nurse to record clinical data. Nurses collecting the clinical data were trained to adhere to detailed SOPs developed in collaboration with Priment clinical trials unit. Blood pressure was recorded using automated electronic sphygmomanometers. Data on completion of the nine essential processes were collected from the GP record for the 12 months prior to randomisation and the 12 months after randomisation at the 12-month follow-up point to avoid triggering behaviour change among the study nurses. Estimations of HbA1c and blood lipids were undertaken by the local hospital laboratory used by each participating practice.

Blinding of staff involved in data collection was maintained by having two nurses at each participating practice. One nurse (usually a practice nurse) was not blinded and was responsible for introducing participants in the intervention group to the intervention website. The other nurse (a different practice nurse or a specialised research nurse) was responsible for data collection at follow-up, with a blinded researcher collected follow-up data by phone from persistent non-responders. 

[bookmark: _Toc355448151]Adherence and loss to follow-up
Fidelity of the intervention was promoted and monitored through automatic recording of the use of the intervention and comparator websites. Practice nurses were trained in the procedures for facilitating access, and provided with laminated booklets to remind them of each stage of the process.

Every effort was made to promote follow-up, which was co-ordinated by the trial manager centrally. For the 12-month patient-reported data, an automated email was sent to each participant from the trial website, containing a hyperlink that took the participant directly through to a questionnaire on the data collection website, with data entered using this link automatically connected to the participant identification number (PIN). This link remained open for 120 days from when first sent. Up to three automated reminders were sent at 15-day intervals if participants had not completed the questionnaires. Fifteen days after the third automated reminder, persistent non-responders were sent a personal email by the trial manager, from their own account. This email also contained the hyperlink which took participants through to the data collection website, linked to their PIN. After a further 7 days, non-responders were sent a letter through the post, referring to the link sent the previous week, and also containing a paper copy of the primary outcome measure (the PAID), with a letter encouraging online completion of all the measures, but failing that, asking for completion of the paper version of the PAID, with a stamped addressed envelope for return to the trial manager. If there was no response after a further 10 days, the trial manager called the participant and obtained the PAID over the telephone. 

The procedures for the patient-reported data at 3 months were similar, but less rigorous. Only two automated reminders were sent, followed by a personal email and a letter through the post. 

Practice or research nurses, blinded to allocation, were asked to collect the clinical data within the window period, and reminded to do so by the central trial team. 
Where a participant withdrew from the trial before the final follow-up, the date of withdrawal and reason for withdrawal were recorded. 

[bookmark: _Toc355448152]Sample size
We hypothesised that use of the intervention would improve both PAID scores and HbA1c. The analyses gained power through adjustment for baseline levels, which accounts for the correlation between baseline and follow-up levels. We back-calculated the relevant effective standard deviations from a previous trial as 0.676 for HbA1c and 10.75 for PAID,164 substantially lower than the SDs of cross-sectional measures of around 1.4 and 16 respectively because of the correlation between baseline and subsequent measures. We intended to recruit 350 participants; with attrition of up to 15% we anticipated at least 300 participants for the primary analysis, a sample size that would have given us 90% power to detect an average difference in the PAID score of 4.0 and 90% power to detect a difference of 0.25% in HbA1c, each tested at a 5% significance level. These are both small effect sizes. The trial management group decided that as HbA1c and PAID are co-primary outcomes measuring very different aspects of the T2DM condition, both should be tested at a 5% significance level. 

[bookmark: _Toc355448153]Analysis
The analysis followed a pre-specified analysis plan, based on comparing the groups as randomised (intention-to-treat). The analysis plan was approved by the trial steering committee before unblinding and uploaded to the trial website. Only HbA1c and PAID measured within a 10–14 month window following randomisation was used in the primary analysis, with missing 12-month outcomes multiply imputed using baseline and other outcome data (e.g. 3-month data and final follow-up data collected outside the 10–14 month window). Descriptive statistics of the baseline and 3-month outcomes were summarised by randomised group, with a two-sample t-test used to test differences in mean outcomes at 3 months for those individuals in which the outcome was measured.

A linear mixed effects model with random centre effects was used to analyse each of the 12-month primary outcomes separately, adjusting for the baseline level of the outcome, age, gender, previous participation in self-management programmes, pre-existing cardiovascular disease and time since diagnosis of diabetes. Secondary outcome measures were analysed similarly using generalised linear mixed models. Effect modification analysis for the co-primary outcomes was undertaken by baseline glycaemic control (HbA1c outcome only), baseline PAID (PAID outcome only), and duration of diabetes, treating all potential effect modifiers as continuous. The interaction between randomised group and each effect modifier was included in the model separately and assessed using a test of linear trend.  The magnitude of effect modification was illustrated by splitting baseline HbA1c into two subgroups: <7.5% and greater than or equal to 7.5%, and by splitting baseline PAID and duration of diabetes above and below the median.


[bookmark: _Toc355448154]Missing data 
Multiple imputation using chained equations (MICE) was used as the primary method to account for missing data in both baseline and follow-up data.165 A set of imputation models was specified, one for each variable with missing data. Each variable was then regressed on all other variables, including completely recorded baseline and follow-up variables, and stratified by randomised group. Imputations were performed using predictive mean matching using the five nearest neighbours to the prediction as a set to draw from. The full list of variables considered in the MICE approach is shown in Table 16, together with the number of missing values for each variable and time period. 

Since only measurements within a 10–14 month window were used within the main analyses of HbA1c and PAID, the following imputation procedure was implemented for these two co-primary outcomes. Twelve month measurements were divided into those measured within 10–14 months (the primary outcome variable) and those that were measured outside 10–14 months (a variable used for imputing only). For HbA1c, two additional variables were created for use within the imputation model: 

1. The time in days from randomisation that the 12-month HbA1c measurement was actually taken for values inside of the window (and set to 365 for measurements taken outside the window period); 
1. The time in days from randomisation that the 12-month HbA1c measurement was actually taken for values outside the window period (and set to missing for measurements taken within the window period). 

The first of these variables gives the desired time for imputing HbA1c measurements when they are missing, while the second gives information on how far outside the window the actual measurements were taken. Corresponding variables were created for the 12-month PAID measurement. Finally, two additional variables were created defining the time in days at which HbA1c and PAID were measured at 3 months. All variables were included within the chained equations and imputed where necessary.

Forty imputed data sets were created, the analysis models were fitted to each imputed data set separately, and the estimates were pooled using Rubin’s rules.

[bookmark: _Toc355448155]Causal analyses
The intention to treat analysis was supplemented by a complier-average causal effect (CACE) analysis,165, 166 in an attempt to investigate how the effectiveness of the intervention was mediated through frequency of website usage. In particular, it was important to understand whether prolonged usage of the website modified the efficacy of the intervention. Since website usage was measured post-randomisation, a naïve analysis of correlating usage with outcomes in the intervention group may give biased and misleading results, as there might be unmeasured confounders also correlated with the outcomes that distinguish the motivated users who regularly log in from the less motivated ones. Causal analyses using instrumental variables (IV) were therefore used to determine the effect of website usage on outcomes. This approach preserves randomisation (i.e. provides a comparison independent of observed and unobserved confounders). “Usage” was defined as the proportion of follow-up (rescaled as number of days in a year) that the HeLP-Diabetes website was accessed. Usage of the intervention website in the control group was set to zero.

This main underlying assumption of the causal analysis is that the effect of randomisation to the HeLP-Diabetes intervention on 12-month outcomes occurs only through use of the website (Figure 6: Z is randomised intervention, WU is website-usage and Y is 12-month outcome, e.g. for HbA1c or PAID). This relies on the “exclusion restriction” assumption that the HeLP Diabetes intervention has no effect when usage is zero (i.e. for individuals who never log in). Hence randomisation is assumed to be an IV.


Z
WU
Y

	


[bookmark: _Toc355446880]Figure 6: Causal model for CACE analysis

Causal model assuming no direct effect of intervention (complete mediation through website usage). In this causal model, randomisation (Z) is the instrumental variable, which acts on the outcome (Y) exclusively through website usage (WU).

Another assumption in the CACE analysis was that the control website was unlikely to be effective, and therefore usage in the control group was ignored in the model. A structural mean model was fitted using the observed level of compliance and treating randomisation as an instrument (i.e. assuming it is independent of both observed and unobserved confounders and only affects the outcomes through its effect on website usage). 

Potential contamination was monitored by recording participants with similar family names and identifying those with the same addresses. Where this occurred, it was dealt with in the analysis by reporting the extent and undertaking a sensitivity analysis excluding these individuals. 

A number of other sensitivity analyses were performed to assess the robustness of the primary analyses: 1) performing two complete case analyses disregarding outcomes measured outside 10–14 months and 11–13 months post-randomisation; 2) repeating the analysis using multiple imputation of baseline covariates only; and 3) fitting linear models excluding centre random effects.

[bookmark: _Toc355448156]Results
Recruitment took place between September 2013 and December 2014.  A total of 6,578 invitations were sent out, resulting in 669 expressions of interest.  Of these, an initial 421 patients consented to participate, but 47 did not fully complete their baseline questionnaires and were therefore not randomised and did not enter the study. A total of 374 participants were randomised, of whom 86% (n = 321) provided data on PAID, and 78% (n = 291) had HbA1c measured within 10–14 months of randomisation. Additional final outcome data, obtained outside the 10–14 month pre-defined window, were available for a further 27 participants for HbA1c and 16 participants for PAID (Figure 7). Data obtained outside the 10–14 month window were not used directly in the primary analysis, but were entered into the imputation model. 

Baseline demographic and clinical characteristics are shown in Table 11. The mean age was nearly 65 years; over two-thirds (n = 258, 69%) were male, and most were White British (n = 300, 80%). Just over half (n = 210, 56%) rated themselves as experienced computer users. Around one-third (n = 134, 36%) had been diagnosed for less than 5 years, with a further third (n = 115, 31%) having been diagnosed between 5 and 9 years ago. Overall, this was a population with well-controlled diabetes at baseline: mean HbA1c was 7.3% (56 mmol/mol), mean SBP and DBP were 135 and 78 mmHg respectively. Self-reported levels of distress were low, with mean PAID score of 19. 
























[bookmark: _Toc355446881]Figure 7: CONSORT diagram
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Figure 7: CONSORT diagram

[bookmark: _Toc355447309]Table 11: Descriptive statistics of baseline variables by randomised group 
Mean (SD) unless otherwise specified. 
	Characteristic
	HeLP-Diabetes
(n = 185)
	Control group
(n = 189)
	n missing

	Age at randomisation (years)
	64.9 (9.5)
	64.7 (9.1)
	0

	Male sex, n (%)
	127 (69%)
	131 (69%)
	0

	Ethnicity, n (%)

	White English, Welsh, Scottish, 
Northern Irish, British
	151 (82%)
	149 (79%)
	1

	Indian
	12 (6%)
	8 (4%)
	

	Other
	21 (11%)
	31 (16%)
	

	Experience with computers, n (%)

	None
	5 (3%)
	4 (2%)
	0

	Basic
	75 (41%)
	80 (42%)
	

	Experienced
	105 (57%)
	105 (56%)
	

	Smoking status, n (%)

	Current smoker
	14 (8%)
	14 (7%)
	0

	Former smoker
	94 (51%)
	86 (46%)
	

	Never smoker
	77 (42%)
	89 (47%)
	

	Time since diagnosis (years), n (%)

	0–4 years
	70 (38%)
	64 (34%)
	4

	5–9 years
	55 (30%)
	60 (32%)
	

	10–14 years
	40 (22%)
	40 (21%)
	

	15+ years
	18 (10%)
	23 (12%)
	

	
	
	
	

	Attending any other self-management class, n (%)
	4 (2%)
	4 (2%)
	0

	Clinical measures 

	SBP (mmHg)
	135 (17)
	135 (17)
	0

	DBP (mmHg)
	78 (11)
	77 (10)
	0

	Total cholesterol (mmol/l)
	4.11 (1.03)
	4.18 (0.98)
	2

	HDL-C (mmol/l)
	1.24 (0.31)
	1.25 (0.36)
	12

	Total cholesterol/HDL-C ratio
	3.43 (1.09)
	3.52 (1.03)
	13

	HbA1c (%)
	7.26 (1.25)
	7.35 (1.37)
	5

	HbA1c (mmol/mol)
	56 (14)
	57 (15)
	5

	BMI (kg/m2)
	30.1 (5.3)
	29.6 (5.2)
	2

	Questionnaires/scores

	PAID (0–100)
	18.1 (17.1)
	19.9 (19.9)
	0

	HADS (0–42)
	9.28 (6.47)
	9.12 (7.52)
	0

	Anxiety scale (0–21)
	4.92 (3.70)
	5.21 (4.20)
	0

	Depression scale (0–21)
	4.36 (3.48)
	3.91 (3.73)
	0

	DMSES (0–150)
	98.6 (33.9)
	103.7 (32.4)
	0

	DTSQ (0–48)
	32.1 (7.3)
	32.0 (7.2)
	0

	
	
	
	

	Completion of nine essential processes in previous 12 months, n (%)
	97 (64%)
	96 (62%)
	69




At 3 months, there were no significant differences in mean outcomes between groups on any of the outcome measures, among individuals with completed 3-month outcomes (Table 12).
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[bookmark: _Toc355447310]Table 12: Descriptive statistics of 3-month variables by randomised group
	
	HeLP-Diabetes
	Control group
	
	

	Clinical measures 
	n
	mean (SD)
	n
	mean (SD)
	p-valuea
	n missing

	SBP (mmHg)
	152
	133 (16)
	165
	134 (17)
	0.423
	57

	DBP (mmHg)
	152
	76 (10)
	165
	75 (9)
	0.531
	57

	Total cholesterol (mmol/l)
	149
	4.17 (0.97)
	157
	4.16 (1.04)
	0.924
	68

	HDL-C (mmol/l)
	147
	1.29 (0.37)
	154
	1.24 (0.37)
	0.304
	73

	Total cholesterol/HDL-C ratio
	147
	3.48 (1.15)
	152
	3.52 (1.09)
	0.724
	74

	HbA1c (%)
	152
	7.34 (1.48)
	158
	7.34 (1.24)
	0.968
	64

	BMI (Kg/m2)
	151
	30.0 (5.4)
	165
	30.0 (5.6)
	0.578
	58

	Questionnaires/scores

	PAID (0–100)
	154
	15.2 (15.2)
	166
	16.7 (17.1)
	0.388
	54

	HADS (0–42)
	147
	8.84 (6.54)
	153
	8.86 (7.45)
	0.981
	74

	Anxiety scale (0–21)
	147
	4.75 (3.88)
	153
	5.07 (4.24)
	0.500
	74

	Depression scale 
(0–21)
	147
	4.10 (3.30)
	153
	3.80 (3.59)
	0.455
	74

	DMSES (0–150)
	147
	103.9 (32.2)
	154
	104.9 (32.7)
	0.788
	73

	DTSQ (0–48)
	145
	32.8 (6.9)
	152
	32.9 (6.3)
	0.902
	77


a t-test
At 12 months the primary analysis showed a significant difference in change in HbA1c between the randomised groups, with participants in the HeLP-Diabetes group having a lower HbA1c than those in the control group (mean difference = –0.24%; 95% CIs –0.44 to –0.049, p = 0.014) (Table 13, Figure 8). There was no difference in change in PAID scores between the groups at 12 months (mean difference –1.5; 95% CI –3.9 to 0.9, p = 0.209), though both groups showed a decrease in PAID scores over the follow-up of the trial (Table 13, Figure 9).

[bookmark: _Toc355447311]Table 13: 12-month outcomes, adjusted for relevant baseline outcome, age, sex, current (baseline) participation in other self-management programmes, pre-existing cardiovascular disease and duration of diabetes
Results from multiply imputed data shown. Data are mean (standard error (SE)) or mean difference (95% CI) unless otherwise specified.
	
	HeLP-Diabetes
	Control
	HeLP-Diabetes 
vs. Control

	
	Baseline 
n = 185
	Change, baseline to 12 mon
	Baseline 
n = 189
	Change, baseline to 12 mon
	Mean difference
(95% CI)
	p-value

	Primary outcomes

	HbA1c (%)
	7.3 
(0.1)
	–0.08 (0.07)
	7.3 
(0.1)
	0.16 (0.07)
	–0.24 
(–0.44, –0.05)
	0.014

	HbA1c (mmol/mol)
	56.3 
(1.1)
	–0.8 
(0.8)
	56.8 
(1.1)
	1.8 
(0.8)
	-2.6 
(–4.8, –0.5)
	0.014

	PAID
	18.2 
(1.3)
	–4.1 
(0.9)
	19.8 
(1.3)
	-2.5 
(0.9)
	–1.5 
(–3.9, 0.9)
	0.209

	Secondary outcomes

	SBP (mmHg)
	134.7 (1.5)
	–4.2 
(1.4)
	134.9 (1.5)
	–0.5 (1.4)
	–3.8 
(–6.6, –0.9)
	0.010

	DBP (mmHg)
	77.8 
(1.0)
	-2.5 
(0.9)
	77.1 
(1.0)
	–1.9 
(0.8)
	–0.6 
(-2.4, 1.2)
	0.519

	BMI (Kg/m2)
	30.1 
(0.5)
	0.12 
(0.2)
	30.0 
(0.5)
	–0.04 (0.2)
	0.16 
(–0.30, 0.62)
	0.498

	Total cholesterol (mmol/l)
	4.1 
(0.1)
	–0.08 (0.06)
	4.2 
(0.1)
	–0.15 (0.06)
	0.07 
(–0.09, 0.2)
	0.370

	HDL-C (mmol/l)
	1.25 (0.03)
	–0.003 (0.018)
	1.26 (0.03)
	0.004 (0.018)
	–0.007 
(–0.054, 0.039)
	0.754

	Completed 9 essential processesa
	65% 
(3.7)
	–5.1%
	61% 
(3.8)
	3.4%
	0.78 
(0.45, 1.35)
	0.379

	HADS
	9.3 
(0.5)
	–1.05 (0.44)
	9.1 
(0.5)
	–0.60 (0.48)
	–0.45 
(–1.68, 0.78)
	0.474

	DMSESb
	98.8 
(2.4)
	2.93 (2.90)
	103.6 (2.3)
	1.38 (2.79)
	1.55 
(–5.74, 8.84)
	0.674

	DTSQ
	32.2
(0.6)
	0.94 (0.57)
	32.2 
(0.6)
	0.45 (0.61)
	0.49 
(–1.18, 2.15)
	0.564



a Percentage (SE) and odds ratio (95% CI)
b linear regression results shown due to lack of convergence for mixed model
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[bookmark: _Toc355446882]Figure 8: Mean HbA1c (95% CI) over follow-up by randomised group following multiple imputation. n = 185 HeLP-Diabetes, n = 189 Control.
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[bookmark: _Toc355446883]Figure 9: Mean PAID score (95% CI) over follow-up by randomised group following multiple imputation. n = 185 HeLP-Diabetes, n = 189 Control.

There was no difference in secondary outcomes at 12 months, with the possible exception of SBP, which decreased more in the intervention group than in the control group (p = 0.010) (see Table 13). No adverse effects or events were recorded. 

There was a technical error in the software which led to usage data not being collected before 1 January 2014. At this point 16 participants had been randomised (seven to intervention, nine to control). For these 16 participants, the usage data is not based on a full year, but for all other participants data are summarised for the 12 months post-randomisation. 

Data presented do not include the initial registration visit, when participants were introduced to the website by practice nurses. The mean number of log-ins was significantly higher in the intervention group than the control group (18.7 versus 4.8, p = 0.0001), as was the mean number of pages visited per log-in (10.5 versus 7.7, p<0.0001) and the mean number of days in which the website was accessed (10.1 versus 3.3, p<0.0001) (Table 14). The causal analyses estimated that for a “high-usage” population (those with usage > the median of 4 days) the HeLP-Diabetes intervention could on average reduce HbA1c by –0.44%% (95% CI –0.81, –0.06) and PAID by –2.8 (95% CI –7.2, 1.7) over 12 months (Figures 10 and 11). 

[bookmark: _Toc355447312]Table 14: Extent of website usage over 12-month follow-up
Mean (SD) unless otherwise specified. 
	
	HeLP-Diabetes
	Control group
	p-valuea
	n missing

	
	n
	mean (SD)
	n
	mean (SD)
	
	

	Number of log-ins
	185
	18.7 (84.0)
	189
	4.8 (8.0)
	0.0001
	0

	Mean no. pages visited per log-in
	143
	10.5 (6.7)
	126
	7.7 (5.0)
	<0.0001
	105b

	Mean time spent per log-in (mins)c
	143
	12.3 (9.8)
	126
	8.2 (8.4)
	<0.0001
	105b

	Mean no. days website was accessed over follow-up
	185
	10.1 (22.9)
	189
	3.3 (5.1)
	<0.0001
	0


a Wilcoxon rank-sum test. 
b 105 individuals did not log in after their facilitation visit (42 intervention, 63 control).
c Measured as time from first page accessed to last page accessed within a log-in session.
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Red bars highlight the “high-usage” group that has usage greater than or equal to the median of 4 days.
[bookmark: _Toc355446884]Figure 10: Efficacy of HeLP-Diabetes on HbA1c at 12 months based on number of days’ usage, superimposed by distribution of usage observed in the HeLP-Diabetes group 
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Red bars highlight the “high-usage” group that has usage greater than or equal to the median of four days.
[bookmark: _Toc355446885]Figure 11: Efficacy of HeLP-Diabetes on PAID score at 12-months based on number of days usage, superimposed by the distribution of usage observed in the HeLP-Diabetes group

The findings from the sensitivity analyses were similar to the main analysis (Table 15). Participants who were missing 12-month HbA1c had significantly higher mean baseline HbA1c measures (7.9% versus 7.1%, p<0.001) leading to higher imputed HbA1c at 12 months in the non-completers and a greater mean difference between the randomised groups than from complete case analyses (Figure 12, Tables 15 and 16).
[bookmark: _Toc355447313]
Table 15: Effect of HeLP-Diabetes versus control on 12-month primary outcomes HbA1c and PAID: results from primary analyses and five sensitivity analyses
	HbA1c, %

	
	Number of individuals
	Mean difference (95% CI)
HeLP-Diabetes–control

	Primary analysis: multiple imputation of baseline and outcomes
	374
	–0.242 (–0.435, –0.049); p = 0.014

	Sensitivity analysis 1: multiple imputation of baseline covariates only
	291
	–0.214 (–0.390, –0.038); p = 0.017

	Sensitivity analysis 2: complete casesa
	284
	–0.207 (–0.385, –0.028); p = 0.023

	Sensitivity analysis 3: complete casesb
	186
	–0.220 (–0.416, –0.025); p = 0.027

	Sensitivity analysis 4: non-contaminated casesc
	370
	–0.225 (–0.418, –0.032); p = 0.023

	Sensitivity analysis 5: linear model excluding centred
	374
	–0.242 (–0.438, –0.047); p = 0.015

	PAID

	
	Number of individuals
	Mean difference (95% CI)
HeLP-Diabetes – control

	Primary analysis: multiple imputation
	374
	–1.54 (–3.94, 0.87); p = 0.209

	Sensitivity analysis 1: multiple imputation of baseline covariates only
	321
	–1.31 (–3.65, 1.03); p = 0.274

	Sensitivity analysis 2: complete casesa
	317
	–1.29 (–3.66, 1.08); p = 0.285

	Sensitivity analysis 3: complete casesb
	65
	-2.22 (–6.35, 1.91); p = 0.292

	Sensitivity analysis 4: non-contaminated casesc
	370
	–1.57 (–3.99, 0.85); p = 0.204

	Sensitivity analysis 5: linear model excluding centree
	374
	–1.54 (–3.98, 0.90); p = 0.215


a Excluding outcomes outside 10–14 months post-randomisation and those missing baseline covariates
b Excluding outcomes outside 11–13 months post-randomisation and those missing baseline covariates
c Excluding patients who were suspected to have been exposed to the alternative intervention
d Likelihood ratio test for including centre in the model as a fixed effect; p = 0.617 (HbA1c)
e Likelihood ratio test for including centre in the model as a fixed effect; p = 0.357 (PAID)
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[bookmark: _Toc355446886]Figure 12: Means and 95% CIs of HbA1c over time by randomised group and completers vs. non-completers, after multiple imputation of non-completers follow-up


[bookmark: _Toc355447314]Table 16: List of variables imputed and data missing at baseline, 3 months and 12 months
	Variable
	Number of missing values

	
	Baseline
	3 months
	12 months

	HbA1c
	5
	64
	56(83 within
10–14 months)a

	PAID
	0
	54
	37
(53 within
10–14 months)a

	SBP
	0
	57
	68

	DBP
	0
	57
	68

	BMI
	2
	58
	69

	Total cholesterol
	2
	68
	75

	HDL-C
	12
	73
	76

	Completion of nine essential processes
	69
	–
	69

	HADS
	0
	74
	107

	DMSES
	0
	73
	109

	DTSQ
	0
	77
	109

	Age
	0
	–
	–

	Sex
	0
	–
	–

	Duration of diabetes
	4
	–
	–

	History of cardiovascular disease
	0
	–
	–

	Attending any other 
self-management class
	0
	–
	–

	Smoking status
	0
	–
	–

	No. visits to the website
	–
	–
	0

	No. webpages visited
	–
	–
	105

	Average time per visit
	–
	–
	105


a 12-month measurements were subdivided into those that were measured within 10–14 months (primary outcome variable) and those that were measured outside 10–14 months (variable used for imputing only). 

There was no evidence of baseline measures of HbA1c or PAID being effect modifiers for the mean difference between the groups. There was strong statistical evidence (interaction p = 0.004) to suggest that the duration of diabetes acted as an effect modifier, with those who had been diagnosed more recently showing more of a reduction in PAID than those who had been diagnosed for longer periods. Duration of diabetes had no effect on change in HbA1c (Table 17). 

[bookmark: _Toc355447315]Table 17: Effect of subgroups on the effectiveness of HeLP-Diabetes in reducing HbA1c and PAID

	HbA1c, %

	Subgroup
	Number individuals
	Mean difference (95% CI)
HeLP-Diabetes–control
	Interaction p-valueb

	
	
	Complete casea
	Multiple imputation
	

	Baseline HbA1c

	<7.5%
7.5%
	254/369
115/369
	–0.15 (–0.41, 0.11)
–0.51 (–0.94, –0.07)
	–0.14 (–0.39, 0.12)
–0.51 (–0.93, –-0.09)
	0.458

	Duration of diabetes

	<6.9 years
6.9 years
	185/370
185/370
	–0.34 (–0.59, –0.08)
–0.07 (–0.32, 0.18)
	–0.30 (–0.57, –0.03)
–0.18 (–0.45, 0.09)
	0.425

	PAID

	Baseline PAID

	<12
12
	181/374
193/374
	–0.3 (–4.6, 4.1)
–3.6 (–7.8, 0.7)
	–0.1 (–4.2, 4.1)
–3.9 (-8.2, 0.4)
	0.066

	Duration of diabetes

	<6.9 yrs
6.9 yrs
	185/370
185/370
	-2.9 (–6.3, 0.4)
0.3 (–3.0, 3.7)
	–3.6 (–7.0, –0.1)
0.4 (–3.1, 3.9)
	0.004


a excluding outcomes outside 10–14 months post-randomisation and those missing baseline covariates
b p-value for interaction based on a test of linear trend with the continuous variable.
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Discussion
In this first UK-based trial of a web-based self-management programme for people with T2DM, participants randomised to HeLP-Diabetes demonstrated improved glycaemic control at 12 months compared to those randomised to a simple information website. This improvement is both clinically and statistically meaningful, appears robust across all pre-specified sensitivity analyses, and was not dependent on duration of diabetes, baseline glycaemic levels or level of diabetes-related distress. Each 1 per cent reduction in HbA1c is associated with a risk reduction of 21 per cent for deaths related to diabetes and a 37 per cent risk reduction for microvascular complications.167 Given that this web-based intervention could be delivered at low-cost and at scale across the UK, the potential for population benefit is considerable. We have no data on whether the effects of HeLP-Diabetes attenuate or strengthen with long term use (longer than 1 year).  However, one of the postulated benefits of HeLP-Diabetes is that the programme is available for people with T2DM to use over the whole of their illness journey, providing access to self-management support at the time of need.  This contrasts with the current model of group-based education at the time of diagnosis, where effects would be expected to attenuate with time, and indeed, have been shown to do so.17

There was no overall impact on diabetes-related distress, but some evidence that HeLP-Diabetes appeared to reduce distress in individuals more recently diagnosed. However, it is worth noting that baseline PAID scores were exceptionally low in this trial population. In a small pilot study, participants offered supported access to HeLP-Diabetes reduced their PAID scores by 6 points (p = 0.04) over 6 weeks.168

The current “gold standard” for diabetes self-management support in the UK is the DESMOND model of 6 hours of group-based structured education.  Comparison of our trial with the DESMOND trial may, therefore, be of interest to readers.  The DESMOND trial was cluster randomised, while the HeLP-Diabetes trial was individually randomised. The population for the DESMOND trial was substantially larger, involving 207 General Practices (102 in the intervention arm) and 824 participants (437 in the intervention arm)15.   The characteristics of the trial participants also differed between the two trials: importantly, DESMOND was for newly diagnosed patients, while HeLP-Diabetes was for people at any stage of their illness journey.  DESMOND intervention participants were overall poorly controlled at baseline, with a mean HbA1c of 8.3%, systolic and diastolic blood pressures of 141 and 82 mm Hg respectively and total cholesterol of 5.4 mmol/l, compared to HeLP-Diabetes intervention participants mean baseline HbA1c of 7.3%, systolic and diastolic blood pressures of 135 and 78 mm Hg and total cholesterol of 4.1 mmol/l, implying that DESMOND participants had greater opportunity to improve.  HeLP-Diabetes participants also differed in their demographic characteristics: DESMOND participants were 96% White, 55% male, and had a mean age of 59 years, while 80% of HeLP-Diabetes participants were White, 69% male, and the mean age was 65 years. Although both trials used the PAID, baseline data from this questionnaire was not reported for DESMOND participants. These differences between the participants need remembering, when considering any differences in trial outcomes.  

The main difference in outcomes at 12 months between the two trials is that in DESMOND, HbA1c improved in both arms, with no difference between the two arms, while in HeLP-Diabetes, HbA1c improved in the intervention arm and worsened in the control arm.  In terms of secondary outcomes, DESMOND intervention participants showed significantly greater loss in weight (-1.01 kg, 95% CI -1.91 to -0.02) than control participants, with no difference in any other biomedical outcomes. HeLP-Diabetes intervention participants showed a decrease in SBP (-3.8; 95% CI -6.6 to -0.9), with no difference in any other biomedical outcomes.  There was no difference between groups in the DESMOND trial for PAID scores at 12 months.  The DESMOND team were able to undertake further follow-up at 3 years, by which time there were no differences in biomedical outcomes between groups, although differences in illness beliefs remained. 

The trial had many strengths. It was a pragmatic trial, open to nearly all patients with T2DM in participating practices. Concealment of allocation was complete, as randomisation occurred after baseline data collection. Baseline prognostic factors were well balanced between groups. Every effort was made to achieve blinding, including requiring practices to have two nurses, so that data collection was undertaken by a nurse blind to participant allocation. Data for the co-primary outcomes at the primary outcome point were available for 78 per cent and 86 per cent of participants for HbA1c and PAID respectively. All analyses were on an intention-to-treat basis, supplemented by a CACE analysis. 

Although response rates for the co-primary outcomes were good, some potential for bias existed. Our primary analysis used multiple imputation methods because evidence shows that the assumptions underpinning this method are more defensible than those assumed using other approaches to missing data.169 We also undertook sensitivity analyses including complete cases, non-contaminated cases, and a linear model excluding centre; all yielded similar results.

The two co-primary outcomes reflected the twin aims of the intervention: to improve diabetes control and to reduce diabetes-related distress. Around 40 per cent of patients with diabetes have significant levels of distress, which severely impacts on quality of life,154 and diabetes-related distress is an important outcome for patients.155 Our PPI panel was clear that this should be a primary outcome. In contrast, many HCPs were more interested in glycaemic control. In line with previous trials in this area,156 we decided to adopt both as co-primary outcomes and to test each at a 5 per cent level of significance.157 

There are some limitations. Despite maximising the inclusivity of the trial by minimising the exclusion criteria, participants were not representative of the overall population of people with T2DM in England. Compared to the overall population, participants were better educated, more likely to be White British, had better control of their diabetes and cardiovascular risk factors, and were much less distressed.170 Similar differences between trial and target populations have been reported.171 

Although every effort was made to maintain blinding, it is possible that some participants may have discussed their use of the intervention with research nurses, making it possible to infer which arm they had been allocated to. This could have affected secondary clinical outcomes, such as blood pressure or weight, but could not have affected assessment of HbA1c, as this assessment was done by a laboratory, blind to allocation. There appeared to be high potential for contamination between two participants who shared the same surname and address, and a further two participants did not receive their allocated intervention due to an error at practice level; excluding these four made no difference to the results. 

A further limitation of the trial is that it provides little insight into the mechanism of action of HeLP-Diabetes. This was the result of a deliberate decision to focus on clinically important outcomes and minimise both the response burden and the potential impact of measurement on participants. 

On the basis of these results, HeLP-Diabetes should be considered as an addition to the current menu of self-management support for people with T2DM, and may help increase overall access and uptake. Most commissioned services currently focus on people newly diagnosed with T2DM, leaving clear unmet need for people who have had their diabetes for longer but are looking for ways to improve their health. Many patients are not ready to engage in self-management early in their illness journey,172 but become motivated to do so later, often as a result of a change in medication or development of a complication.173



[bookmark: _Toc355448158]Chapter 8: Health economic analysis of HeLP-Diabetes
[bookmark: _Toc355448159]Chapter summary
This chapter reports on the health economic analysis of HeLP-Diabetes, using data collected during the RCT reported in Chapter 7. The analysis was an incremental cost-effectiveness analysis of facilitated access to HeLP-Diabetes compared to usual care for people with T2DM. Following NICE guidance, the analysis adopted an NHS and personal social services perspective. The components of the analysis were costs of the active and control interventions, health care and social services use, and health outcomes including a diabetes-specific outcome (PAID) and a generic measurement of quality of life (EQ-5D-3L). Intervention costs were measured directly. The potential impact on diabetes care and complications was measured by the use of NHS and social services. All costs are presented in pound sterling 2014 prices.

The primary analysis used multiple imputation to estimate missing data. Two additional analyses were performed: a complete case analysis and a one-way sensitivity analysis assuming increased intervention costs. 

Both the primary and the complete case analysis showed HeLP-Diabetes to be dominant over the control, i.e. it was both more effective and less costly. The one-way sensitivity analysis suggested that additional per-patient costs of £511 to £711 for the intervention could be incurred before it ceased to be cost-effective. 
[bookmark: _Toc355448160]Aims and objectives
The aims of the trial fall under the evaluation objectives set out in Chapter 3:

6. Determine the effect of HeLP-Diabetes on clinical outcomes and HRQoL in people with T2DM;
7. Determine the incremental cost-effectiveness of the intervention compared to usual care from the perspectives of health and personal social services and wider public sector resources.

The previous chapter reported data pertaining to the first trial aim. In this chapter, only the health economic analysis is presented.
[bookmark: _Toc355448161]Methods
The trial design, setting, participants, recruitment, randomisation and data collection procedures, and effectiveness outcomes were reported in Chapter 7. The economic analysis was undertaken from an NHS and personal social services perspective, following NICE guidance.174 Value Added Tax (VAT) at 20%, salary on-costs and overheads were added where applicable to all costs. Wherever possible, we have tried to reflect the true costs of ongoing delivery, rather than the costs incurred during the trial itself. The true costs of ongoing delivery are obtained from the business model and actual costs incurred by the community interest company (CIC) set up to disseminate HeLP-Diabetes across the UK. 
[bookmark: _Toc355448162]Health economic outcomes
The components of the analysis were costs of the active and control intervention, health care and social services use, and health outcomes, including a diabetes specific outcome (diabetes-related distress), and a generic quality of life outcome (EQ-5D-3L).

[bookmark: _Toc355448163]Intervention cost
The intervention costs had a number of components, including:

1. Cost of developing the intervention;
Costs of delivering, maintaining and updating the intervention;
Cost of facilitated access;
Costs of training NHS staff both in using the intervention and in training patients to use the intervention.

Development costs
The costs of developing the intervention were those incurred in the first two years of the programme grant (see Chapter 6). These included the conception and design of HeLP-Diabetes, developing articles and multimedia content for the website, licences or subscriptions for modules used with licence from other providers, and participatory design panels. 

An additional major cost was research staff time. As the development of the intervention and the associated research (e.g. WP A and B) were closely interwoven, it was difficult to separate the costs of development from the costs of research. Research staff kept time sheets, documenting their various activities, and we intended to use these time sheets to estimate time spent on intervention development, but it was often unclear whether a specific activity was research or intervention development. Furthermore, the academic staff, including co-investigators, provided significant input to the intervention development. This input was not recorded on time sheets, and was intimately entwined with input into the research procedures, so subsequent allocation of academic time as “intervention development” time or “research” time was almost impossible. One reason for the activities being so closely entwined was that HeLP-Diabetes was the first self-management programme developed to take such a wide, inclusive view of the tasks of self-management. Hence the development team had little guidance from previous literature or experience, and spent considerable time thinking about decisions from first principles. This was time-consuming and resource-intensive, and future programmes could probably be developed with less resource. 

In light of this uncertainty about the true costs of intervention development, and given that these costs can be considered as “sunk costs”, (i.e. costs that have already been incurred and cannot be recovered), we have not included the development costs in the health economic analysis, and report them for information only. This is in line with latest guidance on health economic evaluation of digital health interventions.175
Delivery and maintenance costs
Activities associated with delivery and maintenance of HeLP-Diabetes are described in detail in Chapter 6. They included: ensuring the content on HeLP-Diabetes was up-to-date and reflected current best evidence and practice; regular reviews of the entire website to check for broken links and consistency of information (i.e. that information updated in one article was also updated in all other relevant articles); moderating the forum; responding to “Ask the Expert” questions; and sending emails, newsletters and text messages to users to encourage engagement with the intervention. Time taken per task was extracted from staff time sheets. Hourly rates for each member of staff were obtained from either national pay scales, with on-costs and overheads included(176-178) or from invoices where staff involved were not directly employed by UCL. 

Additional costs included technical issues, including domain name registration, SSL (secure sockets layer) certification, hosting, adhering to information governance specifications, and technical maintenance such as bug-fixing and updates to software and browsers. To prevent “cybersquatting”, which is where domain names similar to well known or respected sites are used for commercial benefit, we registered the name HeLP-Diabetes associated with all the major domains (e.g. .co.uk, .org, .com).158

As these activities and costs are essential for the ongoing maintenance and delivery of HeLP-Diabetes, they were included in the economic analysis. Where activities had been undertaken in the trial by a high-grade RA, but could reasonably be expected to be undertaken by a lower-grade staff member during ongoing delivery, the costs of the staff required for ongoing delivery were calculated and used in the analysis. All costs were converted to total cost for a 12-month period.
Facilitated access costs
In the trial, facilitated access consisted of practice nurses registering patients on HeLP-Diabetes, introducing patients to the wide range of content, and encouraging ongoing use. In order for nurses to be able to undertake these tasks, RAs trained one practice nurse in each practice in use of HeLP-Diabetes (including how to register patients) and how to introduce patients to the content and encourage ongoing use. This training took one hour. Thus there were two components to the cost of facilitated access: the one-hour, one-to-one training session for each practice nurse; and the time taken by the nurse to register and train each patient. This latter was estimated to take 20 minutes per patient. 

The cost of the trainer was estimated as one hour of Grade 6 time, and practice nurse costs were extracted from Unit Costs of Health and Social Care 2014.177 Outside of a trial environment, more than one member of staff may be trained in the use of HeLP-Diabetes. This would increase costs and is reflected in the sensitivity analysis.

Both components of facilitated access were supported by written materials. Practice nurses were provided with laminated booklets summarising the material covered in the training session by the RA. Each practice was also given leaflets to give to people with T2DM, which covered the information practice nurses provided for patients (see Appendix 5). The costs of these printed materials were recorded from invoices.

Thus the total costs of facilitated access included the time taken to train staff, time taken by practice staff in supporting patients to use HeLP-Diabetes, and costs of printed materials to support staff and patients in use of HeLP-Diabetes. Cost of premises and overheads were included in the personnel salary proportional to the time spent.

[bookmark: _Toc355448164]Comparator costs
Participants in the control group were given access to a simple information website, similar to that provided by NHS Choices or Diabetes UK. As such information websites are freely available, we assumed a zero cost for the comparator. 

[bookmark: _Toc355448165]Costs of health care and social services
Data on participants’ use of a wide range of health care and social services were collected at baseline, 3 months’ and 12 months’ follow-up. Data collected at baseline covered the 12 months prior to entering the trial; that collected at 3 months covered months 1–3 of the trial and that collected at 12 months covered months 4–12 of the trial. 

Research nurses extracted data from the medical record on consultations with GPs, practice nurses, and podiatrists; attendances at NHS walk-in clinics or out-of-hours services; retinal screening; use of physiotherapy or psychological services; A&E admissions; clinical tests or investigations; hospital outpatient attendances, day-case attendances, and inpatient admissions; and patients’ prescriptions. 

Participants’ use of other health care and social services was collected retrospectively by self-report using a pre-designed questionnaire. These included district nurse consultations, use of the NHS Direct call centre, and contact with social workers, occupational therapists or dieticians. As NHS Direct ceased operation in February 2014,179 data on use of this service are reported, but not included in the analysis. 

Service usage rates were then costed by applying national average unit costs, extracted from Unit Costs of Health and Social Care 2014.(177) or other sources as appropriate (Table 18). These unit costs include overheads, capital and infrastructure costs, allocated proportionally to the staff time. Data on travel time for home visits were not available, so we adopted the assumed 12 minutes per visit estimate made by Unit Costs of Health and Social Care 2014.177 No allowance was made for travel expenses.

For the costs of out-of-hours services we used data from the national audit of out-of-hours service,8 combined with data from Unit Costs of Health and Social Care 2014177 to estimate the required unit costs. The duration of out-of-hours consultations was assumed to be the same as in-hours consultations, and we assumed the same 12 minutes’ travel time for home visits.

The cost per outpatient appointment was the weighted average of both consultant-led and non-consultant-led outpatient attendance. Although the questionnaire was designed initially to separate new and follow-up appointment, confusion occurred during the completion of the questionnaire, rendering it impossible to distinguish between the two. As a result, the unit cost presented below was the weighted cost of new and follow-up appointment. 

[bookmark: _Toc355447316]Table 18: National average unit cost used in the analysis
	Health service use
	Unit cost per consultation
 or episode
	Sources

	GP consultation (in surgery)
	£38
	Unit Costs of Health and Social Care 2014177

	GP consultation (home visit)
	£62
	Unit Costs of Health and Social Care 2014177

	GP consultation (telephone)
	£23
	Unit Costs of Health and Social Care 2014177



	Practice nurse consultation 
(in surgery)
	£11
	Unit Costs of Health and Social Care 2014177

	Practice nurse consultation 
(home visit)
	£18
	Unit Costs of Health and Social Care 2014177

	NHS walk-in clinic
	£56
	Unit Costs of Health and Social Care 2014177

	Out-of-hours services 
(telephone advice)
	£36
	Out-of-hours GP services in England,180 Unit Costs of Health and Social Care 2014177

	Out-of-hours services 
(home visit)
	£117
	Out-of-hours GP services in England,180 Unit Costs of Health and Social Care 2014177

	Out-of-hours services 
(in surgery)
	£86
	Out-of-hours GP services in England,180 Unit Costs of Health and Social Care 2014177

	A&E admission
	£167
	Reference Costs 2013–14181

	Podiatrist
	£44
	Reference Costs 2013–14181

	Optometry
	£97
	Reference Costs 2013–14181

	Physiotherapy
	£46
	Reference Costs 2013–14181

	Counselling (primary care)
	£46
	Unit Costs of Health and Social Care 2014177

	Clinical test
	£2
	Reference Costs 2013–14181

	Outpatient appointment
	£111
	Reference Costs 2013–14181

	Day case
	£698
	Reference Costs 2013–14181

	Inpatient admission
	£1,891
	Reference Costs 2013–14181

	District nurse (home visit)
	£46
	Reference Costs 2013–14181, 
Unit Costs of Health and Social Care 2014177

	District nurse (in surgery/clinic)
	£37
	Reference Costs 2013–14181

	Counselling (community)
	£138
	Reference Costs 2013–14181

	Social worker
	£55
	Unit Costs of Health and Social Care 2014177

	Occupational therapy
	£64
	Reference Costs 2013–14181

	Dietician
	£80
	Reference Costs 2013–14181



The unit cost of inpatient episodes covered elective inpatients, non-elective inpatients and regular day/night admissions but excluded emergency-led admission which was accounted for by A&E admission. Although the details of a few clinical tests were collected, the specific unit costs were not found. The unit cost of a clinical test was therefore taken as the weighted average of directly accessed pathology services.

Prescription data were also extracted from the medical record by the research nurses at baseline, 3 months and 12 months. Nurses entered the name of the medication, dose, route and frequency of drugs prescribed at each data collection point. Costs were then calculated by cross-referencing the name, form and strength of the drug with the Prescription Cost Analysis England 2014.182 When only the trade name was available, an attempt was made to match it to the correct generic name. When the generic name was not successfully identified, the medication was matched by drug name. In the case of missing information on form or strength, the weighted average cost per item was calculated based on the available information.

As most participants were on medication at baseline, we assumed blank entries at follow-up to be missing data, unless the nurse specified that no medication was prescribed. We also assumed that all prescriptions were for long-term use, and issued for one month at a time. It is probable that some of the medication issued was only for acute use, but we have opted for a conservative approach to avoid underestimating total drug costs. It is therefore possible that reported prescription costs are slightly overestimated.

[bookmark: _Toc355448166]Health outcomes
Two health outcomes were used in the analysis: diabetes-related distress measured by the PAID scale,161 and QALYs, derived from EQ-5D-3L.183 PAID has 20 items focusing on areas that cause difficulty for people living with diabetes, including social situations, food, friends and family, diabetes treatment, relationships with HCPs and social support. EQ-5D-3L has five domains, each with three levels measuring daily difficulties in that domain. The tariff for each combination of these levels of the UK population was then applied to calculate an index score.184

Both these self-reported outcome measures were collected at baseline, 3 months, and 12-months follow-up. The time difference on QALYs was not accounted for because the assessing period was 12 months.

[bookmark: _Toc355448167]Analysis
The analysis followed a pre-specified plan, based on comparing the groups as randomised (intention-to-treat). The analysis plan was approved by the trial steering committee before unblinding, and uploaded to the trial website (see https://www.journalslibrary.nihr.ac.uk/programmes/pgfar/RP-PG-0609-10135/#/). Only PAID and EQ-5D-3L data obtained within a 10–14 month period following randomisation was used in the primary analysis, with missing 12-month outcomes multiply imputed using baseline and other outcome data (e.g. 3-month data and final follow-up data collected outside the 10–14 month window). The EQ-5D-3L index score was presented and then converted to QALYs to enable a cost–utility analysis, as per NICE guidance.174 QALYs were calculated over the duration of the trial using the area under the curve from the baseline, 3 and 12-month follow-ups.185

A linear mixed-effects model was fitted with the 12-month outcome as the dependent variable, adjusting for the baseline variables of age, sex, presence of pre-existing cardiovascular disease, duration of diabetes and smoking status, as well as the corresponding baseline outcome (costs, PAID score and EQ-5D-3L index score, respectively). Centre effects were included as random effects in the analysis. The difference in mean 12-month costs and outcomes were estimated based on the model. As HeLP-Diabetes was dominant over the comparator (less costly and more effective), the incremental cost per unit PAID score improvement and incremental cost per QALY gained were not calculated.

The non-parametric bootstrap technique was employed to explore the uncertainty of calculated difference in mean 12-month costs and outcomes from multiply imputed data sets. 5,000 bootstrapped data sets were created and the total costs and outcome estimated for each. The results from bootstrap resampling were used to construct 95% CIs for incremental costs, incremental PAID score and incremental QALYs, and to plot the cost-effectiveness plane and cost-effectiveness acceptability curve (CEAC) to show the uncertainty surrounding conclusion.186

[bookmark: _Toc355448168]Missing data
Multiple imputation was used as the primary method to account for missing data in both baseline and follow-up, using the same method as described in Chapter 7. A chained equations model was developed based on the model used in the statistical analysis. Predictive mean matching was used as the imputation method for continuous variables, using the five nearest neighbours to the prediction as a set to draw from. We imputed all missing data separately by trial group.

The electronic format of the questionnaires largely prevented nurses or patients from omitting single items from any questionnaire. Hence, where service use data were missing, it was usually because the research nurse or the patient had not completed any of the service use questionnaire. In light of this, the imputation was performed at the level of the service use questionnaire, rather than at the level of an individual item. Similarly, the HRQoL measures were either completed entirely or missing entirely, so the imputation was performed on overall HRQoL scores. 

The imputation technique was applied to:

i. The costs of health services use from data provided by research nurses;
ii. Medication costs from data provided by research nurses; 
iii. Costs of health and social services use from data provided by participants; 
iv. PAID score and EQ-5D-3L index score from data provided by participants.

The percentage of missing data was generally low and did not exceed 30 per cent for any individual variable. As a rule of thumb, the number of imputations was therefore set to 30.165

The variables used in the imputation model included age, sex, height, time since diagnosis of T2DM, history of cardiovascular disease, and smoking status. These were collected only at baseline. The imputation model also included weight, HbA1c, SBP and DBP, HDL-C, total cholesterol, HADS score, DMSES score, DTSQ score and BMI. Along with the costs and HRQoL measures, these were collected at baseline, 3 months and 12 months. For HbA1c, PAID and EQ-5D-3L, the time since randomisation was also included. BMI was treated as “just another variable” and imputed directly (active imputation) as has been previously recommended.187 

The usage data was dealt with in the same way as described in Chapter 7. The subsequently generated variables (mean time per log-in, number of pages visited per log-in, log-transformed number of unique log-ins) were also included in the imputation model.

[bookmark: _Toc355448169]Sensitivity analyses
Two sensitivity analyses were undertaken: first, a complete case analysis to assess the effect of imputing missing data; and secondly, a one-way sensitivity analysis examining the uncertainty around the cost of the intervention. 

The one-way sensitivity analysis was undertaken to explore the impact of increasing the costs associated with the intervention, for example by increasing the amount of facilitation, which would lead to additional cost per user, or by reducing the number of users. The latter would lead to an increased cost per user, as the costs of delivery and maintenance were largely fixed.

Assuming the effect on health resources and HRQoL remained the same once the participant took up the intervention, the additional intervention cost per person had a linear relationship with the incremental cost-effectiveness ratio (ICER). A corresponding ICER was not calculated for the incremental cost-per-unit improvement of PAID score as there is no national willingness-to-pay (WTP) threshold to compare with.

[bookmark: _Toc480192352]Equation 1: Formula of incremental cost-effectiveness (ICER) calculation
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[bookmark: _Toc355448172]Development costs
Staffing costs comprised the largest single component of development costs for the intervention. UCL staff employed on the development included one clinical researcher on wage band CL9 at 60% full-time equivalent (FTE) for 2 years, one full-time Grade 7 researcher for 2 years and another full-time Grade 7 researcher for 18 months. Accounting for on-costs and overheads using the costing method adopted by Unit Costs of Health and Social Care 2014 and 13.8% employer’s contribution to the national insurance, 176, 177 the research staff cost approximately £430,274 in total.

Not all their time was dedicated to intervention development — all three were also involved in the associated research (WP A and B, see Chapters 4 and 5), and other academic activities such as teaching or presenting at conferences. Similarly, other academic staff, including co-investigators and project management staff, were also involved in the development work, but we could not separate activities into “research-related” and “intervention development” activities with any certainty. The figure £430,274 therefore represents an estimate based on the best information available.

Costs of professional IT services were obtained from invoices and receipts. These included software design, web design, and work by PAERS to link HeLP-Diabetes with the EMR, and came to £184,235 (accounting for inflation). Licenses for pre-existing modules (see Chapter 6) and multimedia content came to £75,822. No license fees were charged for Down Your Drink, POWeR or Stop Advisor, and both Living Life To the Full and healthtalk.org kept their charges to the minimum, aiming simply to cover the costs of updating or adapting their material for use in HeLP-Diabetes. Therefore these costs do not reflect “commercial” costs. 

The website infrastructure costs incurred during development (March 2012 to March 2014) totalled approximately £4,056, including 20% VAT. These consisted of ten domain names registrations, SSL certificate fees, website hosting and exclusive IP (internet protocol) address. This was an approximate amount for two years because each of these services was purchased at a different time and continued for various durations. Some were purchased at a later time or for a longer period, and therefore continued to operate into the trial period.

Costs of participatory design (HCP and patient participatory panels) came to £33,116.

[bookmark: _Toc355448173]Intervention costs
Website delivery and maintenance costs
As detailed above, delivery and maintenance costs of the intervention included staff costs in maintaining website content, and technical costs. Table 19 sets out the staff costs of maintaining the content and engaging users, and total and estimated £18,783 for a one-year period.

[bookmark: _Toc355447317]Table 19: Activities and associated staff costs for maintaining and delivering HeLP-Diabetes
	Activities
	Intensity
	Payment scale/method
	Unit cost per hour
	Cost per year

	Emails, SMS, newsletters
	1 day/fortnight
	Grade 6 staff
	£34
	£6,675

	Librarian review 
of recent development
	1 hour/week
	Fixed contract
	£30
	£1,560

	PPI feedback on librarian’s review
	30 mins/person, 
2 persons/fortnight
	Cash payment
	£18
	£468

	Forum monitoring 
by PPI
	30 mins/person, 
2 persons/fortnight
	Cash payment
	£18
	£468

	Forum monitoring 
by staff
	1 hour/fortnight
	Grade 6 staff
	£34
	£890

	Clinical team website interaction
	1 hour/time, 
5 times/year
	GP
	£121
	£605

	PPI review feedback from clinical team
	15 mins/person, 
2 persons/time, 
5 times/year
	Cash payment
	£18
	£45

	Content checking, revising and updating by staff
	2 hours/fortnight
	Grade 6 staff
	£34
	£1,780

	Content checking, revising and updating by clinical team
	2 hours/fortnight
	GP
	£121
	£6,292

	Total
	£18,783



[bookmark: _Ref453244830]Web infrastructure costs such as domain names, hosting, and maintenance contracts were purchased at different times, so for the purposes of this analysis, these costs were estimated for a one-year period, equivalent to the 12-month trial duration, based on the real charges (Table 20). The total infrastructure cost per year came to £23,013. 



[bookmark: _Toc355447318]Table 20: Web infrastructure costs
	Item
	Cost per year

	Domain names a
	£93

	Website hosting
	£3,600

	Maintenance 
	£19,200

	SSL certificate
	£120

	Total
	£23,013


a Based on ten domain names registered in the trial

Combining the infrastructure and staff activities costs, the total operating cost of HeLP-Diabetes during the trial period was estimated at £41,796. Although the capacity of the server is higher, the number of users who can log onto and actively use the website simultaneously was estimated to be 10,000. Therefore, the average cost per active user was calculated as £4. Once development costs and recurring annual outlays have been met the marginal cost per user throughout the period up to a capacity of 10,000 is zero.
Facilitated access costs
As detailed above, the facilitated access costs included practice nurse training and associated written training materials. The cost of the training sessions, including trainer and trainee time, was £3,785 and the cost of the materials was £78, thus giving total training costs of £3,863 for one year. With 185 participants in the intervention group, the average cost per person was £21.

The other component of facilitated access costs was the time spent by nurses in registering participants and teaching them how to use HeLP-Diabetes. Twenty minutes was allocated to this activity per patient, or one third of a practice nurse’s hourly consultation rate of £44.177 Each participant in the intervention group also received a training leaflet; this cost £0.95 per leaflet.

The total intervention cost was therefore £41 per person made up of £4 operating costs; £21 for initial training of practice nurses; and £16 for nurse-led facilitation. We deemed there to be no costs for the comparator. 

[bookmark: _Toc355448174]Use of health care and social services
Mean frequency of health care and social services per participant in the 12 months prior to randomisation is shown in Table 21. All except one participant had complete data at baseline. This one participant had missing data for the clinical tests taken in the past 12 months. Overall, the use of services was high, although it varied greatly between individuals, with a small number of participants reporting very high levels of service use. For instance, 13 out of 185 participants in the intervention group and 18 out of 189 participants in the control group reported visiting a GP in surgery once a month or more. One participant in each group reported visiting their GP 33 times in the previous 12 months. At baseline, the usage level in the control group appeared to be slightly higher than in the intervention group.

[bookmark: _Ref453341143][bookmark: _Toc355447319]
Table 21: Frequency of health care and social services use in 12 months prior to recruitment, by group
	Service item
	Intervention group 
(n = 185): mean (SD)
	Control group 
(n = 189): mean (SD)

	Services use recorded by nurses

	Primary care

	GP consultation (in surgery)
	4.65 (4.60)
	5.22 (4.54)

	GP consultation (home visit)
	0.02 (0.18)
	0.05 (0.47)

	GP consultation (telephone)
	1.01 (1.78)
	1.76 (3.31)

	Practice nurse consultation (in surgery)
	3.57 (4.51)
	3.43 (4.82)

	Practice nurse consultation (home visit)
	0.02 (0.23)
	0.10 (1.38)

	Walk-in centre
	0.04 (0.28)
	0.06 (0.30)

	Out-of-hours service (telephone)
	0.03 (0.19)
	0.06 (0.32)

	Out-of-hours service (home visit)
	0.02 (0.16)
	0.02 (0.18)

	Out-of-hours service (clinic)
	0.06 (0.32)
	0.09 (0.35)

	Clinical test
	15.59 (28.95)a
	17.30 (32.13)

	Secondary care

	A&E admission
	0.15 (0.45)
	0.26 (0.68)

	Outpatient attendance
	2.15 (2.89)
	2.88 (4.16)

	Day case
	0.16 (0.47)
	0.15 (0.46)

	Inpatient admission
	0.14 (0.47)
	0.17 (0.72)

	Community services

	Eye screeningb
	0.91 (0.43)
	0.96 (0.42)

	Podiatrist attendance
	0.37 (1.19)
	0.35 (1.19)

	Physiotherapy
	0.32 (1.29)
	0.27 (1.08)

	Counselling service
	0.18 (1.14)
	0.08 (0.70)

	Services use reported by participants

	District nurse consultation (home visit)
	0.11 (0.96)
	0.19 (1.55)

	District nurse consultation (clinic)
	0.58 (1.16)
	0.75 (2.07)

	NHS Direct
	0.20 (0.84)
	0.28 (0.93)

	Counselling service
	0.12 (0.73)
	0.29 (1.49)

	Social worker
	0.01 (0.07)
	0.06 (0.53)

	Occupational therapy
	0.24 (2.06)
	0.11 (0.65)

	Dietician attendance
	0.21 (0.77)
	0.41 (1.87)


a One person had missing data on this item
b The majority of the eye screening was undertaken by a community retinal screening service, with 10.5% taken in an optician and 30.4% in hospital in the intervention group, and 10.4% in an optician and 28.6% in hospital in the control group.

[bookmark: _Ref453595274]At follow-up, the recall period for health care and social services use was 3 months and 9 months respectively. Table 22 shows the mean usage of individual service items during the two follow-up periods, by group. The number of participants listed above each section was the number of participants with completed data in that section. Due to different methods of data collection, the number of responding participants in a follow-up was different for each section. Most participants either completed or missed the entire section. Two participants missed one or two questions in a section. These questions are annotated and explained under the table.

[bookmark: _Toc355447320]Table 22: Frequency of health care and social services use collected at 3 months and 12 months follow-up, by group
	Service item
	Months 1–3
	Months 4–12

	
	Intervention:
 mean (SD)
	Control:
mean (SD)
	Intervention:
 mean (SD)
	Control:
mean (SD)

	Service use recorded by nurses
	n = 153
	n = 165
	n = 151
	n = 155

	Primary care

	GP consultation 
(in surgery)
	1.39 (1.74)
	1.71 (1.99)
	2.68 (2.78)
	3.10 (2.97)

	GP consultation 
(home visit)
	0
	0.02 (0.13)
	0.01 (0.08)
	0.07 (0.52)

	GP consultation (telephone)
	0.42 (0.89)
	0.57 (1.05)
	0.91 (1.51)
	1.30 (2.14)

	Practice nurse consultation (surgery)
	1.38 (1.53)
	1.40 (1.96)
	2.50 (3.14)
	2.61 (3.99)

	Practice nurse consultation (home)
	0.18 (1.95)
	0.01 (0.08)
	0
	0.03 (0.16)

	Walk-in centre
	0.03 (0.26)
	0.02 (0.15)
	0.08 (0.67)
	0.10 (0.32)

	Out-of-hours service (telephone)
	0.02 (0.18)
	0.02 (0.13)
	0.03 (0.18)
	0.08 (0.34)

	Out-of-hours service (home visit)
	0
	0
	0
	0.01 (0.16)

	Out-of-hours service (clinics)
	0.03 (0.02)
	0.02 (0.15)
	0.12 (0.65)
	0.08 (0.41)

	Clinical test
	3.62 (4.66)
	3.27 (3.36)
	7.42 (5.14)
	7.17 (4.80)a

	Secondary care

	A&E admission
	0.07 (0.31)
	0.05 (0.25)
	0.10 (0.36)
	0.15 (0.47)

	Outpatient attendance
	0.81 (1.33)
	0.79 (1.21)
	1.33 (2.64)
	1.54 (2.10)

	Day case
	0.03 (0.16)
	0.05 (0.22)
	0.13 (0.47)
	0.12 (0.38)

	Inpatient admission
	0.05 (0.25)
	0.01 (0.11)
	0.06 (0.26)
	0.10 (0.33)

	Community services

	Podiatrist attendance
	0.10 (0.39)
	0.10 (0.34)
	0.30 (0.96)
	0.18 (0.83)a

	Eye screening
	0.34 (0.48)
	0.32 (0.46)
	0.58 (0.51)
	0.65 (0.48)

	Physiotherapy
	0.15 (0.62)
	0.16 (0.84)
	0.21 (1.06)a
	0.36 (1.38)a

	Counselling service
	0.03 (0.27)
	0.02 (0.17)
	0.09 (0.57)
	0.01 (0.11)a

	Service use reported by participants
	n = 143
	n = 152
	n = 129
	n = 135

	District nurse consultation (home)
	0
	0.01 (0.08)
	0
	0.01 (0.09)

	District nurse consultation (clinic)
	0.29 (0.61)
	0.36 (0.77)
	0.45 (0.85)
	1.07 (4.35)

	NHS Direct
	0.06 (0.32)
	0.10 (0.55)b
	0.12 (0.50)
	0.10 (0.39)

	Counselling service
	0.05 (0.32)a
	0.08 (0.42)
	0.13 (0.76)
	0.19 (0.99)

	Social worker
	0
	0
	0.02 (0.18)
	0

	Occupational therapy
	0.01 (0.08)
	0.05 (0.50)
	0.05 (0.33)
	0.07 (0.38)c

	Dietician attendance
	0.05 (0.25)
	0.14 (1.25)
	0.15 (0.78)
	0.12 (0.49)


a One person had missing data on this question
b Two people had missing data on this question
c One person had missing data on all other questions except for this one

These data confirm the high level of service use among these participants and the skewed nature of the data, with a small number of participants having very high service use. Taking the same example as for the 12 months before trial, 24 out of 153 responding participants in the intervention group and 46 out of 165 responding participants in the control group visited their GP in surgery once a month or more in months 1–3, with one participant reporting 13 GP consultations during this period. Eight out of 151 responding participants in the intervention group and ten out of 155 responding participants in the control group visited their GP in surgery once a month or more in months 4–12. 
Costs of health care and social services
The costs for health services collected through different channels were calculated by applying the unit costs detailed in Table 18 to the usage reported in Tables 21 and 22 to give the data presented in Table 23 below. 

The mean cost of health services use recorded by nurses was higher in the control group during the 12 months before the trial and in months 4–12 of the trial, but was lower in months 1–3. For participants’ self-reported use, the mean cost was higher in the control group for all three periods. The large standard deviations were consistent with the usage pattern reported above.
[bookmark: _Ref453769212]
[bookmark: _Toc355447321]Table 23: Mean cost (SD) of observed cases at baseline, 3 months and 12 months follow-up, by data sources and group
	Data sources
	12 months pre-trial
	Months 1–3
	Months 4–12

	
	Intervention
mean (SD)
	Control 
mean (SD)
	Intervention 
mean (SD)
	Control 
mean (SD)
	Intervention 
mean (SD)
	Control 
mean (SD)

	Health services use recorded by nurses
	£1,057
(£1,371)
n = 184
	£1,247
(£1,779)
n = 189
	£358
(£621)
n = 153
	£304
(£366)
n = 164
	£637
(£913)
n = 150
	£772
(£928)
n = 152

	Health services use reported by participant
	£75
(£199)
n = 185
	£119
(£326)
n = 189
	£22
(£56)
n = 142
	£40
(£125)
n = 152
	£50
(£129)
n = 128
	£79
(226)
n = 135



The mean cost of medication for a one-month period at baseline was estimated to be £55 in the intervention group and £60 in the control group, and there was little change over the trial period (Table 24). Mean costs were accompanied by large standard deviations and, as for service use, small numbers of participants had high medication costs, while only three participants at baseline (two in the intervention group), three participants at 3 months (only one of them the same individual as at baseline) and no participants at 12 months were specified as taking no mediation.

The majority of the intervention group had estimated one-month medication costs under £30 at baseline and 3 months, and under £35 at 12 months. The majority of the control group had estimated one-month medication costs under £40 at all time points. However, at baseline, 30 intervention participants and 33 in the control group had costs higher than £100. At 3 months these figures were 24 (intervention group) and 28 (control group) and at 12 months 21 (intervention) and 25 (control). The highest costs at baseline (£575), 3 months (£551) and 12 months (£567) were all found in the control group.

[bookmark: _Toc355447322]Table 24: Estimated cost of one month’s medication at baseline, 3 months and 12 months, by group
	Time point
	Intervention
	Control

	
	n
	mean (SD)
	n
	mean (SD)

	Baseline
	183
	£55 (£60)
	187
	£60 (£71)

	3 months
	144
	£56 (£69)
	156
	£60 (£73)

	12 months
	145
	£58 (£68)
	152
	£61 (£75)



[bookmark: _Toc355448175][bookmark: _Ref453664484]Health-related quality of life
PAID
The PAID score was calculated based on information collected at baseline, 3 months and 12-months follow-up (Table 25). The mean score was higher, indicating more distress, in the control group than in the intervention group at all time points. The highest PAID score in the intervention group was 67.5 at baseline, 63.75 at 3 months, and 62.5 at 12 months. In contrast, the highest PAID score in the control group was 95 at baseline, 73.75 at 3 months, and 86.25 at 12 months.

[bookmark: _Ref453773050]
[bookmark: _Toc355447323]Table 25: PAID score at baseline, 3 months and 12 months follow-up, by group
	Time point
	Intervention
	Control

	
	mean (SD)
	n
	mean (SD)
	n

	Baseline
	18.1 (17.1)
	185
	19.9 (19.9)
	189

	3 months
	15.2 (15.2)
	154
	16.7 (17.1)
	166

	12 months
	14.1 (14.8)
	153
	16.5 (18.0)
	168



The large standard deviations indicated the diversity of HRQoL in terms of PAID score in both groups. In the intervention group 28 participants scored 40 or more (indicating significant distress) at baseline, 16 at 3 months, and 12 at 12 months. In the control group the figure was 33 participants at baseline, 18 at 3 months, and 25 at 12 months.
EQ-5D-3L
The mean EQ-5D-3L index score among the responding participants was higher in the intervention group than in the control group at baseline, 3 months and 12 months (Table 26). Four participants in the intervention group and six in the control group completed the EQ-5D-3L questionnaire at 12 months but not at 3 months, while 126 participants in the intervention group and 129 in the control group completed EQ-5D-3L at all three time points. These 126 and 129 participants showed slightly higher EQ-5D-3L index scores than among the responding participants in their respective group.
[bookmark: _Ref454195346]
[bookmark: _Toc355447324]Table 26: EQ-5D-3L index score at baseline, 3 months and 12-months follow-up, by group
Mean score among participants with data on all three time points presented in italics.
	Time point
	Intervention
	Control

	
	mean (SD)
	n
	n = 126
	mean (SD)
	n
	n = 129

	Baseline
	0.793 (0.244)
	185
	0.807 (0.221)
	0.766 (0.289)
	189
	0.803 (0.243)

	3 months
	0.822 (0.193)
	145
	0.829 (0.186)
	0.817 (0.250)
	152
	0.816 (0.252)

	12 months
	0.814 (0.229)
	130
	0.819 (0.222)
	0.796 (0.270)
	134
	0.800 (0.271)



[bookmark: _Toc355448176]Primary outcomes
The outcomes and the incremental costs and effectiveness based on imputed data sets are presented in Tables 27–30. The mean costs of health resources used in months 1–3 were higher in the intervention group than in the control group (£580 versus £544) (Table 27). In months 4–12, this position reversed, with the mean costs of health resources used being higher in the control group than in the intervention group (£1,231 versus £1,525). Overall, during the 12-month trial period, the costs of health resources used were higher in the control group than in the intervention group. The unadjusted difference in total cost (including intervention cost) was £210, with a lower value in the intervention group. The difference was smaller (£91) when adjusted for baseline health resource costs only, but still higher in the control group. After adjusting for the costs in the 12 months prior to recruitment and baseline variables, the incremental mean cost for the intervention group compared to the control group was –£111.

[bookmark: _Toc355447325]Table 27: Costs estimated from imputed data, by group (mean (SE) unless otherwise specified)
	Costs
	Intervention
	Control

	Intervention cost
	£41
	£0

	Months 1–3
	Health services use (from nurses)
	£385 (£56)
	£311 (£30)

	
	Health services use (from participants)
	£24 (£5)
	£50 (£11)

	
	Medication for one-month period
	£57 (£6)
	£61 (£6)

	Months 4–12
	Health services use (from nurses)
	£649 (£73)
	£825 (£90)

	
	Health services use (from participants)
	£60 (£14)
	£142 (£45)

	
	Medication for one-month period
	£58 (£5)
	£62 (£6)

	Health resources use in the 12-months trial period a
	£1,816 (£125)
	£2,067 (£144)

	Total costs in the 12-months trial period a
	£1,857 (£125)
	£2,067 (£144)

	Unadjusted incremental cost for intervention group
	–£210
	n/a

	Incremental cost for intervention group, adjusted for health resources use cost at baseline only
	–£91 (£169)
	n/a

	Incremental cost for intervention group, adjusted for health resources use cost at baseline and other baseline variables b (95% CI)
	–£111 
(–£384, £136)
	n/a


a Calculation based on assumption that medications were for long-term use and prescribed monthly.
b Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

The mean PAID score was higher in the control group than in the intervention group at baseline, 3 months and 12 months (Table 28). The unadjusted difference in PAID score at 12 months was 3.1, with the intervention group scored lower. This difference was reduced to 1.9 after adjusting for baseline PAID score, which was similar to the score when the adjustment for other baseline variables was also made.

[bookmark: _Toc355447326]Table 28: PAID score estimated from imputed data, by group (mean (SE) unless otherwise specified)
	PAID score
	Intervention
	Control

	PAID score at baseline
	18.1 (1.3)
	19.9 (1.4)

	PAID score at 3 months
	15.7 (1.2)
	17.3 (1.3)

	PAID score at 12 months
	14.5 (1.2)
	17.6 (1.4)

	Unadjusted incremental PAID score at 12 months for intervention group
	–3.1
	n/a

	Incremental PAID score at 12 months for intervention group, adjusted for baseline PAID score only
	–1.9 (1.3)
	n/a

	Incremental PAID score at 12 months for intervention group, adjusted for baseline PAID score and other baseline variables a (95% CI)
	–1.9 
(–4.2, 0.3)
	n/a


a Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

[bookmark: _Ref454288790]

The mean EQ-5D-3L index score in both groups increased from baseline to 3 months (see Table 29). At 12 months, the mean index score dropped in both groups but the reduction was sharper in the control group. Quality-adjusted life year was calculated based on the EQ-5D-3L index score at three time points. The unadjusted value of QALY during the 12 months trial period was 0.802 in the intervention group and 0.764 in the control group, giving a difference of 0.038. The difference was reduced by half after adjusting for baseline EQ-5D-3L index score. After adjusting for EQ-5D-3L index score at baseline and other baseline variables, the incremental QALY was 0.020, comparing the intervention group to the control group.

[bookmark: _Toc355447327]Table 29: EQ-5D-3L and QALYs estimated from imputed data, by group (mean (SE) unless otherwise specified)
	EQ-5D-3L and QALYs
	Intervention
	Control

	EQ-5D-3L index at baseline
	0.793 (0.018)
	0.766 (0.021)

	EQ-5D-3L index at 3 months
	0.811 (0.016)
	0.786 (0.024)

	EQ-5D-3L index at 12 months
	0.793 (0.023)
	0.736 (0.037)

	QALYs in the 12 months’ trial period
	0.802 (0.016)
	0.764 (0.023)

	Unadjusted incremental QALYs for intervention group
	0.038
	n/a

	Incremental QALYs for intervention group, adjusted for baseline EQ-5D-3L index score only
	0.019 (0.021)
	n/a

	Incremental QALYs for intervention group, adjusted for baseline EQ-5D-3L index score and other baseline variables a (95% CI)
	0.020 
(–0.000, 0.044)
	n/a


a Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

For both health outcomes, the intervention was less costly and more effective, suggesting dominance by the intervention over the control (see Table 30). However, the 95% CIs of all three outcomes included zero, indicating the uncertainty of this conclusion.

[bookmark: _Toc355447328]Table 30: Incremental cost-effectiveness estimated from imputed data (mean (95 CI%))
	Incremental cost-effectiveness (with control group as comparator)

	Incremental cost, adjusted for health resources use cost at baseline and other baseline variablesa (95% CI)
	–£111 (–£384, £136)

	Incremental PAID score at 12 months, adjusted for baseline PAID score and other baseline variablesa (95% CI)
	–1.9 (–4.2, 0.3)

	Incremental QALYs, adjusted for baseline EQ-5D-3L index score and other baseline variablesa (95% CI)
	0.020 (–0.000, 0.044)

	∆Cost/∆PAID
	Intervention dominating control as being less costly but more effective

	∆Cost/∆QALY
	Intervention dominating control as being less costly but more effective


a Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

Figure 13 shows the cost-effectiveness plane describing the uncertainty surrounding the conclusion of the intervention’s dominance. The dashed lines show the national WTP thresholds of £20,000 and £30,000 per QALY gained. As the WTP threshold increases, the slope of the line will increase. There is considerable uncertainty surrounding the point estimates of the incremental costs and incremental QALYs from the primary analysis but the majority of the distribution is scattered in the south-east quadrant of the plane, supporting the primary conclusion of a less costly but more effective intervention. Where the distribution falls into the north-east quadrant of the plane (more costly and more effective), most of the data points fall below the WTP thresholds. This indicates that even if the intervention becomes more costly instead of cost-saving, it is still likely to be cost-effective.
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[bookmark: _Toc355446887]Figure 13: Cost-effectiveness plane comparing the intervention group to the control group

The CEAC constructed using the bootstrapped data shows that the probability of the intervention being cost-effective reaches 95% at a WTP of £6,900 (Figure 14). Under the existing WTP threshold of £20,000 to £30,000, the probability of the intervention being cost-effective, compared to the control, was over 97%.
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[bookmark: _Toc355446888]Figure 14: Cost-effectiveness acceptability curve for the intervention

[bookmark: _Toc355448177]Sensitivity analysis
[bookmark: _Toc355448178]Complete case analysis
For the three outcomes used in the primary analysis, the extent of completeness varied (Table 31). The completeness of PAID score at 12 months was the highest among the three. For costs, only the participants who had complete cost data (i.e., heath services use recorded by nurses, health services use reported by participants, and medication information) at 3 months and 12 months were considered complete cases, which gave the lowest number of complete cases. In order to calculate QALYs, EQ-5D-3L must be completed at all three data collecting points to be considered complete.
[bookmark: _Ref454371995]
[bookmark: _Toc355447329]Table 31: Number of complete cases for costs, PAID score and QALY respectively, and their mean values (SD), by group
	
	Intervention
	Control

	n
	98
	103

	Total costs during 12 months trial period
	£1,785 (£1,511)
	£1,719 (£1,525)

	n
	153
	168

	PAID score at 12 months
	14.1 (14.8)
	16.5 (18.0)

	n
	126
	128

	QALYs
	0.822 (0.185)
	0.808 (0.242)



Taking into account the completeness of the baseline variables required for adjustment, there were 96 participants in the intervention group and 101 participants in the control group who had complete information at all required time points on every required variable. Therefore, the complete case analysis was performed on these 197 people.

In the complete case analysis, the mean cost during the 12 month trial period, including intervention and health resource use costs, was £1,736 in the intervention group and £1,721 in the control group (see Table 32). Using the same adjustment methods as in the primary analysis, the intervention group showed a £15 higher mean cost when unadjusted, a £58 lower mean cost when adjusted for baseline health resource use costs, and a £37 lower mean cost than the control group after adjusting for all baseline variables.

[bookmark: _Toc355447330]Table 32: Costs estimated from complete cases, by group (mean (S.D.) unless otherwise specified)
	Costs
	Intervention (n = 96)
	Control 
(n = 101)

	Intervention cost
	£41
	£0

	Months 1–3
	Health services use (from nurses)
	£332 (£503)
	£267 (£327)

	
	Health services use (from participants)
	£24 (£64)
	£27 (£68)

	
	Medication for 1-month period
	£57 (£66)
	£52 (£55)

	Months 4–12
	Health services use (from nurses)
	£566 (£692)
	£693 (£963)

	
	Health services use (from participants)
	£51 (£143)
	£65 (£186)

	
	Medication for 1-month period
	£61 (£73)
	£57 (£69)

	Health resources use in the 12-months’ trial perioda
	£1,695 (£1,404)
	£1,721 (£1,539)

	Total costs in the 12-months’ trial perioda
	£1,736 (£1,404)
	£1,721 (£1,539)

	Unadjusted incremental cost for intervention group
	£15
	n/a

	Incremental cost for intervention group, adjusted for health resources use cost at baseline only
	–£58 (£163)
	n/a

	Incremental cost for intervention group, adjusted for health resources use cost at baseline and other baseline variablesb (95% CI)
	–£37 
(–£367, £282)
	n/a


a Calculation based on assumption that medications were for chronic use and prescribed monthly.
b Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

The mean PAID score at 12 months was 14.6 in the intervention group and 15.9 in the control group (Table 33). While PAID scores continued to reduce in the intervention group, they remained the same between three and 12 months in the control group. The adjusted difference between groups was 1.6 at 12 months, with a lower value in the intervention group.

[bookmark: _Toc355447331]Table 33: PAID score estimated from complete cases, by group (mean (SD) unless specified)
	PAID score
	Intervention (n = 96)
	Control (n = 101)

	PAID score at baseline
	18.8 (16.8)
	19.0 (16.5)

	PAID score at 3 months
	16.9 (16.1)
	15.9 (15.2)

	PAID score at 12 months
	14.6 (15.5)
	15.9 (16.7)

	Unadjusted incremental PAID score at 12 months for intervention group
	–1.3
	n/a

	Incremental PAID score at 12 months for intervention group, adjusted for baseline PAID score only
	–1.2 (1.6)
	n/a

	Incremental PAID score at 12 months for intervention group, adjusted for baseline PAID score and other baseline variablesa (95% CI)
	–1.6 
(–5.1, 1.4)
	n/a


a Other baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

The mean QALYs during the 12-month period were 0.816 in the intervention group and 0.833 in the control group (see Table 34). The unadjusted difference shows a higher QALY in the control group than in the intervention group. After adjusting for baseline variables, the mean QALYs in the intervention group were 0.010 higher than in the control group.

[bookmark: _Toc355447332]Table 34: EQ-5D-3L and QALYs estimated from complete cases, by group (mean (SD) unless specified)
	EQ-5D-3L and QALYs
	Intervention 
(n = 96)
	Control 
(n = 101)

	EQ-5D-3L index at baseline
	0.792 (0.232)
	0.829 (0.207)

	EQ-5D-3L index at 3 months
	0.824 (0.186)
	0.840 (0.229)

	EQ-5D-3L index at 12 months
	0.814 (0.218)
	0.825 (0.250)

	QALYs in the 12 months’ trial period
	0.816 (0.183)
	0.833 (0.215)

	Unadjusted incremental QALYs for intervention group
	–0.017
	n/a

	Incremental QALYs for intervention group, adjusted for baseline EQ-5D-3L index score only
	0.026 (0.015)
	n/a

	Incremental QALYs for intervention group, adjusted for baseline EQ-5D-3L index score and other baseline variablesa (95% CI)
	0.010 
(–0.018, 0.044)
	n/a


a Other baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

Combining all three outcome measures, amongst complete cases, the intervention group still showed a lower mean cost and better effectiveness on both PAID score and QALYs (see Table 35). Compared to the results from the primary analysis (see Table 30), complete case analysis results generally showed a larger SD but a smaller difference between groups.

[bookmark: _Toc355447333]Table 35: Incremental cost-effectiveness estimated from complete cases (mean (95 CI%))
	Incremental cost-effectiveness

	Incremental cost for intervention group, adjusted for health resources use cost at baseline and other baseline variablesa (95% CI)
	–£37 (–£367, £282)

	Incremental PAID score at 12 months for intervention group, adjusted for baseline PAID score and other baseline variablesa (95% CI)
	–1.6 (–5.1, 1.4)

	Incremental QALYs for intervention group, adjusted for baseline EQ-5D-3L index score and other baseline variablesa (95% CI)
	0.010 (–0.018, 0.044)

	∆Cost/∆PAID
	Intervention dominating control as being less costly but more effective

	∆Cost/∆QALY
	Intervention dominating control as being less costly but more effective


a Baseline variables included age, sex, history of cardiovascular diseases, smoking status, time since diabetes diagnosis.

Figures 15 and 16 present the cost-effectiveness plane and CEAC plotted using the same technique as in the primary analysis but using data only from the 197 complete cases. From the distribution of the dots on the plane (see Figure 15), it is evident that only about a quarter of them fall in the south-east quadrant, where the intervention would be less costly but more effective. A considerable proportion of dots fall in the right side of the plane, where the intervention would be less effective.

[image: ]
[bookmark: _Toc355446889]Figure 15: Cost-effectiveness plane comparing the intervention group to the control group (among complete cases)

Accordingly, it is not surprising that the probability of the intervention being cost-effective was much lower than estimated from imputed data. In contrast to the high probability (over 97%) of cost-effectiveness in the primary analysis, the complete case analysis showed a probability of under 70% of the intervention being cost-effective. Between £20,000 and £30,000, the probability only changed 0.2% (68.7% to 68.9%). This trend is consistent with the primary analysis. Marginal effects reach near zero quickly. Additional investment in the intervention did not appear to have a big impact.
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[bookmark: _Toc355446890]Figure 16: Cost-effectiveness acceptability curve for the intervention (among complete cases)

[bookmark: _Ref454444186]Comparing the results from the complete case analysis to the primary analysis, neither showed any apparent change in health resource use costs within groups (Figure 17). The cost of health resources used in the 12 months prior to recruitment in the control group was lower among complete cases than that in the imputed data set, while there was little difference between the two data sets in the intervention group. Given that the baseline data were almost complete, this difference in the control group suggested that the participants who had higher usage of health services were more likely to be lost to follow-up than those with lower usage. The mean costs during the 12-month trial period in both groups were lower in the complete case data set than in the imputed data set, with the difference in the control group more prominent. This was because the multiple imputation took the higher health resource use cost in the 12 months prior to recruitment as one of the factors for its imputation of missing values. That in turn, leads to a bigger difference in costs in the imputed data set than in the complete cases (–£111 versus –£37).


[bookmark: _Toc355446891]Figure 17: Comparison of costs of health resources use between imputed data and complete cases

As the imputation was performed on an aggregated level, the individual contribution of the cost of each type of health resource used during the 12-month trial period was not presented in the primary analysis. For complete cases, the biggest drivers in costs were hospital inpatient stays and hospital outpatient appointments (Figure 18), followed by GP consultations in surgery. However, if all forms of GP consultation were aggregated, the costs would approximate to those of hospital outpatient appointments and inpatient stays. It should be noted that Figure 18 does not include medication costs. If our assumption of one prescription item per month was correct, medication costs would be higher than all other costs (£718 in the intervention group and £671 in the control group).


[bookmark: _Toc355446892]Figure 18: Cost of each health care and social services use during the 12 months trial period among complete cases, by group

Complete cases showed a similar pattern in change of PAID score in the control group across three time points as in the imputed data set but with lower scores (less distressed) (Figure 19). Meanwhile, the mean PAID score was slightly higher at baseline and 3 months among complete cases than in the imputed data set, but at 12 months was similar in the complete cases and the imputed data set. This suggested possible opposite missing patterns in the groups. In the intervention group, participants who scored lower on PAID at baseline were more likely to be lost to follow-up, while in the control group, those who scored higher were more likely to be lost to follow-up. However, the difference of PAID score at 12 months was much more prominent in the control group than in the intervention group. After adjusting for baseline PAID score and other variables, this leads to a smaller reduction in PAID (–1.6 versus –1.9).


[bookmark: _Toc355446893]Figure 19: Mean PAID score of imputed data set and complete cases at three time points, by group

In the complete case analysis, the general pattern of the mean EQ-5D-3L index score increasing at 3 months and decreasing at 12 months remained but the mean index scores in the intervention group were higher in complete cases than in the imputed data set and did not reduce at 12 months as much as in the imputed data set (Figure 20). In the control group, the baseline level of EQ-5D-3L index score was much higher among complete cases than in the imputed data set and remained so at all time points. The mean EQ-5D-3L index scores in the control group increased at 3 months and reduced below the baseline level in both complete cases and imputed data set. The drop of EQ-5D-3L index score level was more gradual and to a lesser extent among the complete cases. Among complete cases, the mean EQ-5D-3L index score in the control group was higher than in the intervention at all time points, opposite to the situation for the imputed data set. This leads to a higher QALYs in the control group when unadjusted. This pattern of change is consistent with the pattern in PAID score where in the control group, participants who had lower EQ-5D-3L index score at baseline were more likely to be lost to follow-up later on. Because the baseline EQ-5D-3L was near complete and taken as a factor in the imputation model, the imputed data set estimated lower values for missing data at 3 and 12 months. After adjusting for all relevant baseline variables, the intervention group still shows a QALYs gain, comparing to the control group. This QALYs gain was also smaller than that of the imputed data set (0.010 versus 0.020).
[bookmark: _Ref454453700][bookmark: _Ref454453690]

[bookmark: _Toc355446894]Figure 20: Mean EQ-5D-3L index score of imputed data set and complete cases at three time points, by group

[bookmark: _Toc355448179]One-way sensitivity analysis for cost of intervention
The intervention cost was estimated at £41 per person for the primary analysis. Using Equation 1 a linear line was drawn, assuming incremental cost per person remained –£111 and incremental QALYs per person remained 0.020 (see Figure 21). As the additional intervention cost per person increased, the ICER for the intervention gradually increased. At £20,000 WTP threshold, the additional intervention cost per person was £511. At £30,000 WTP threshold, the additional intervention cost per person was £711. That means, on top of what was included in the primary analysis for the intervention, another £511 to £711 per person could be spent on facilitating activities or running costs of the intervention, and the intervention might still be considered cost-effective.

In the analysis, the website operation cost was allocated to 10,000 users as this was the reported capacity of the server. When it was allocated to the 185 participants in the intervention group, the intervention cost would increase by £222. The ICER, in turn, would be £5,550 per QALY gained. Although not less costly any more, the intervention could still be considered cost-effective under the national WTP thresholds, in comparison to the control.

The complete case analysis demonstrated a more rapid increase in incremental cost per QALY gained than the analysis using imputed data. An increase of £237 in intervention cost per user led to the ICER reaching the lower bound of the current national WTP threshold (£20,000 per QALY). Another £100 additional intervention cost per user led the ICER up to the upper bound of current national WTP threshold (£30,000 per QALY). In other words, in the complete case analysis, cost-effectiveness was more sensitive to increased costs of the intervention. 


[bookmark: _Toc355446895]Figure 21: One-way sensitivity analysis for intervention cost per person, from imputed data set and complete cases
[bookmark: _Ref454545102]
[bookmark: _Toc355448180]Discussion
[bookmark: _Toc355448181]Main results
In this within-trial health economic analysis, HeLP-Diabetes was found to dominate the comparator, i.e. total costs were lower (£111 (£384 to £136)) and health outcomes better (0.020 (0.000 to 0.044)) in the group allocated to HeLP-Diabetes than in the group allocated to the comparator, from an NHS and personal and social services perspective. The cost-effectiveness plane and CEAC illustrated that, despite considerable uncertainty around the point estimates, this overall conclusion is likely to be robust. The complete case analysis demonstrates more uncertainty than the primary analysis, based on imputed data. While the total costs were still lower (£37 (£367 to £282)) and health outcomes better (0.010 (-0.018 to 0.044)) in the HeLP-Diabetes group than the comparator, the extent of the difference was smaller than in the primary analysis. Consequently, the cost-effectiveness plane showed the cluster of the distribution moving towards centre and widely scattered in all four quadrants. The probability of cost effectiveness was reduced from 97% in the primary analysis to just under 70% in the complete case analysis.

This difference in results between the primary and complete case analyses may be due to the differential retention rates of participants with worse health. People with worse health were more likely to use health care services which resulted in higher costs. The comparison of costs and quality of life was consistent with this suggestion, as participants in the complete case analysis demonstrated better quality of life and lower health resource use than those in the primary analysis. Whether it was the impact of worse health or the burden of completing trial outcome questionnaires on top of their ill health which caused this differential drop-out is unclear. 

Although both the primary and complete case analyses suggested that HeLP-Diabetes was highly likely to be dominant over the comparator condition, the uncertainties surrounding both the change in costs and in quality of life, and the fact that these changes were not statistically significant, require this conclusion to be treated with caution. Moreover, as the trial lasted only 12 months, it is possible that some of the drivers of health resource use by participants pre-dated the trial — for example, hospital inpatient admissions may have been planned before the start of the trial. Moreover, although it was apparent that the main cost drivers were medications, hospital inpatient stays, hospital outpatient appointments and GP consultations, it was unclear which one in particular or a combination of services caused the overall health care costs to be lower in the intervention group.

As a large proportion of the costs are fixed costs, average user cost falls and the cost effectiveness increases as the number of registered users grows. This is particularly important in a highly prevalent condition such as T2DM. Current estimates suggest there are around 4 million people in the UK with T2DM, making the need to identify a cost-effective method of improving health outcomes in these people imperative.

[bookmark: _Toc355448182]Methodological strengths and weaknesses
The analysis was undertaken following NICE guidance. We collected detailed data on health and social service usage. The majority of service use data reported by nurses was extracted from participants’ EMR which was more accurate and reliable than participants’ self-reported data. Although there may have been under-recording, it is unlikely to have introduced systematic bias. Data on service use obtained directly from participants may have been subject to recall bias and be less reliable, but again, it is hard to see how this could have introduced systematic bias. Prescribed medications were extracted by nurses from participants’ EMR, and hence more likely to be accurate than patient recall. However, it would have been better if we had asked nurses to record defined daily doses, as without this data we relied on the assumption that each prescription item was issued per month (as per national guidelines). Although this added to the uncertainty around total medication costs, it too was unlikely to lead to systematic bias as it was applied to both groups. 

We took the methodological decision to exclude the costs of development of HeLP-Diabetes, and include only the costs of maintenance and delivery. The rationale for this decision was that it is these maintenance and delivery costs that the NHS will have to cover if HeLP-Diabetes is implemented nationally, and the development costs are true sunk costs, in that they cannot be recovered. However, we have presented estimates of the development costs, for those interested in developing similar interventions for other LTCs.

Due to the length of the trial (12 months), any future updates were not taken into account in the analysis. With the fast pace of development of technology, it is not certain how frequently major updates would be required, nor what they would involve or cost. 

Our original intention had been to undertake a modelling exercise, using the UKPDS model which simulates the likely occurrence of major complications and costs and quality of life associated with them by four prognostic risk factors: HbA1c, SBP, the ratio of total cholesterol to HDL cholesterol, and smoking status.188 The main trial analysis reported a significantly better outcome in HbA1c and SBP in the intervention group than in the control group, with no significant difference in the total cholesterol-to-HDL cholesterol ratio or smoking status. Hence any modelling would be likely to demonstrate reduced complication rates in the intervention group, with associated improved quality of life and reduced health care costs. We did not wish to overstate our findings, and as modelling would increase the overall uncertainty, we decided not to undertake this modelling. 

[bookmark: _Toc355448183]Fit with existing literature
One of the main drivers for developing digital health interventions is the expectation that they can help health care systems meet the twin challenges of delivering more and better care at reduced cost. Despite this, there has been a marked lack of formal health economic analyses. Authors of systematic reviews of digital health interventions have repeatedly reported a lack of economic data, preventing them from drawing any conclusions about cost-effectiveness.(29, 30, 37, 189-191) Fortunately, this situation is now improving, particularly in the field of mental health, where a number of cost-effectiveness studies have been undertaken, enabling a systematic review published in 2015 to include 16 studies and report the cost-effectiveness of guided internet interventions for depression, anxiety, smoking cessation and alcohol moderation.192 Recently there have been a number of reports of health economic analysis of digital health interventions;(193-201) overall, these reports confirm that, where effective, digital health interventions such as HeLP-Diabetes tend to be cost-effective. However, this is the first report we have been able to identify of a digital health intervention dominating the comparator.
[bookmark: _Toc355448184]Conclusions
HeLP-Diabetes appears to be a highly cost-effective intervention, which, if adopted nationally, has the potential to be even more cost-effective. 


[bookmark: _Toc355448185]Chapter 9: Design and evaluation of a plan for implementing HeLP-Diabetes into routine NHS care
[bookmark: _Toc355448186]Summary
This chapter describes the design and evaluation of a plan for implementing HeLP-Diabetes into routine care. The aim of this work was to determine how best to integrate an eHealth intervention for patients into routine care, using HeLP-Diabetes as an example. 

Specific objectives were to design an implementation plan, evaluate its effectiveness and any reasons for observed variation in implementation, and modify the original plan in light of these emerging data. We were interested in maximising uptake and use by people with T2DM, in exploring ways of overcoming the “digital divide”, and the intervention’s impact on patient outcomes outside of a trial.

The study design was iterative: as problems with the implementation plan emerged we made adjustments and then evaluated these. The implementation was planned to take place in two PCTs (which became CCGs shortly before the study commenced). Data collection took place between March 2013 and August 2015. We used a case study design with mixed methods, combining quantitative data on adoption, uptake and use with qualitative data from semi-structured interviews and field notes exploring HCP and patient perceptions of reasons for observed variability in the quantitative data. The qualitative analysis was informed by NPT.
 
Although both CCGs adopted HeLP-Diabetes, for practical reasons we were only able to study the process in one CCG. In this group, the quantitative data showed high levels of adoption, defined as services within the CCG deciding to adopt HeLP-Diabetes and make it available to their patients. Twenty-two out of the 34 practices adopted HeLP-Diabetes as did the community intermediate service and the local secondary care service. However, services were less successful at promoting uptake and use of HeLP-Diabetes, with 205 people with T2DM registered in the study period. These people came from a wide demographic which reflected the local population: over half (52%) were from Black or Minority Ethnic backgrounds, a third (36%) had no education after minimum school leaving age, and over a third (38%) described their computer skills as “basic”. Over half, (52%) were male, and the age range was 19 to 81 years. In line with national prevalence figures, 86% reported having home internet access. 

A natural experiment arose during the implementation study, where some practices agreed to our preferred implementation model of having an HCP (receptionist or HCA) registering patients on HeLP-Diabetes and giving them an introduction to the programme, while other practices opted for a patient self-sign up model. By comparing patients registered through these two methods, we could determine that the self-sign up model attracted a cohort that was better educated and had higher levels of computer experience, whereas the facilitated model was associated with a more diverse population. Once registered, no demographic factors (age, gender, ethnicity, educational status, computer expertise, duration of diabetes, or treatment modality) were associated with subsequent use or non-use of the programme.
 
The qualitative data illuminated these quantitative findings. Qualitative data from HCPs indicated that they valued the programme and could see its benefits. They were supportive of the idea of promoting self-management by patients, aware that patients needed support to be able to self-manage, and conscious of the disadvantages of the dominant model of group-based education. HeLP-Diabetes was perceived as a high quality intervention which could meet unmet need. Its holistic and evidence-based approach was welcomed. There was some resistance to providing facilitation, as, in common with the rest of the country, practices in CCG 1 were experiencing significant rises in workload in parallel with falling incomes. However, staff from practices which successfully implemented HeLP-Diabetes, including registering patients, reported finding that HeLP-Diabetes was easy to use for HCPs and patients, that the intervention had the potential to save time and consultations, and that HCAs were the most appropriate staff group to help with facilitation.
 
Data from patients suggested that those who used HeLP-Diabetes found it a helpful and valuable resource, which was easy to understand and, for many, a better way of learning than group-based education. For many, it was important that it had been recommended by their doctor or nurse. However, many said they were not ready to engage in self-management for a range of reasons including: they did not believe they had diabetes, or had only a “mild” form, unlikely to cause problems; that they were not ready to engage with the diagnosis and were frightened of finding out about the illness; that if it was important their doctor or nurse would tell them; or that they felt they were already self-managing well, and had nothing further to learn.

[bookmark: _Toc355448187]Background
[bookmark: _Toc355448188]Rationale for undertaking an implementation study
Implementation research is a relatively new field, concerned with “the scientific study of methods to promote the systematic uptake of research findings and other evidence-based practices into routine practice”.202 Our reasons for including an implementation study alongside a trial in this programme grant were threefold:

Whether or not HeLP-Diabetes itself proved effective in a trial, the policy and financial imperatives for introducing eHealth interventions to help patients improve their health are overwhelming; hence producing generalisable knowledge about how best to implement such interventions would be useful for the NHS and other health care systems internationally.
Evidence of effectiveness derived from RCTs does not always transfer to “real world” use. By their nature, trials involve tightly controlled procedures, and selected participants whose characteristics may differ substantially from non-trial participants. Trial methodology emphasises the importance of fidelity to the intervention, and trials of complex interventions will often devote considerable resources to ensuring that the intervention is delivered as intended. However, once the intervention becomes approved for routine use, these resources are often not available, and the emphasis often changes from ensuring fidelity to enabling adaptions which improve local uptake and use. These changes in user population and implementation mean the effects seen in trials may not be replicated in routine use. Therefore the effects obtained in routine use should be viewed alongside those seen in trials to inform commissioning decisions.
Finally, one of the over-arching aims of the NIHR Programme of Applied Health Research is for funded work to achieve benefits for the NHS. Hence it was important to ensure that the programme of research generated all the data required to inform future implementation and use of HeLP-Diabetes throughout the NHS. As part of the planning for this programme grant, we thought about long-term sustainability and maintenance. It was clear this would require a revenue stream, with NHS commissioning the most likely source. Commissioners need more information about a service than can be provided from trial data, including information about likely uptake and use, and the resources required for effective implementation. This study was designed to address these needs as well as providing generalisable data of international relevance. 

The importance of undertaking implementation research alongside trials is increasingly recognised.(203-205) Broadly speaking, such research addresses two types of question: firstly, the effects of a treatment or intervention in routine use (referred to as Phase IV studies in the MRC framework); and secondly, determining the effects of an implementation strategy. Researchers from the Veterans Association Quality Enhancement Research Initiative (VA QUERI) have argued for “hybrid” designs, which combine both types of research question.206 They have suggested a taxonomy for such “effectiveness-implementation hybrid designs” where type 1 tests effects of a clinical intervention on relevant outcomes while observing and gathering information on implementation; type 2 tests clinical and implementation interventions and strategies equally; and type 3 tests an implementation strategy while observing and gathering information on the clinical intervention’s impact on relevant outcomes.206 In line with our rationale for undertaking an implementation study, we initially designed the study as a type 3 hybrid using this taxonomy.

[bookmark: _Toc355448189]Theoretical underpinning for design of implementation plan
NPT (see Chapter 2) was used during the development of HeLP-Diabetes to help ensure that the intervention produced was “implementable”, and would fit well with current NHS practice. NPT emphasises that interventions are more likely to be normalised into routine practice if they are easily understood and described (coherence); target users want to adopt them (cognitive participation); and fit well with existing workflows (collective action).56 Areas of particular importance are: (i) the impact of the intervention on consultations between HCPs and patients (interactional workability); (ii) impact on relationships between professional groups, including ensuring that accountability and responsibility are aligned (relational integration); (iii) ensuring a fit with existing skill sets and role responsibilities (skill set workability); and (iv) a fit with organisational priorities and available infrastructure (contextual integration). Finally, users will engage in a process of reflexive monitoring, where they consider whether the benefits of the intervention are worth the work involved, along with any adaptations or improvements that can be made. This reflection can be based on formal or informal data. These constructs provided an overall framework for us during the development of the implementation plan.
 
However, although NPT can be used to sensitise researchers and implementers to challenges and issues that are likely to arise during an implementation process,207 it does not provide a step-by-step guide to developing an implementation plan. We therefore augmented our theoretical framework with a model developed by Grol et al to assist with the implementation of change in healthcare.208 This model provides a step-by-step guide to developing an implementation plan, starting with defining the operational-change objectives and analysing current practice, the target group and the context of the proposed implementation. This then facilitates selection of appropriate implementation strategies, rather than relying on frequently used but potentially inappropriate strategies such as a generic implementation plan. Crucially, evaluation of the implementation is included, with a strong emphasis on this happening in parallel with the planned implementation activities, allowing early identification of areas needing attention or strategies that are not working. The importance of an iterative approach whereby implementation and evaluation of the implementation occur in parallel, feeding into each other, has also been stressed by the VA QUERI team.209, 210

[bookmark: _Toc355448190]Context for the implementation
There are theoretical and empirical grounds for recognising the importance of context in any given implementation.(211-214). In the Consolidated Framework for Implementation Research (CFIR), Damschroder et al name two aspects of context: the outer and the inner settings.211 The outer setting consists of factors such as external (e.g. national) policy and incentives, peer pressure from other organisations, and organisational priorities, while the inner setting includes structural characteristics including availability of infrastructure, leadership, culture, communication and local or internal incentives and reward structures.
 
At the time this study commenced (March 2013), the outer setting was dominated by the Health and Social Care Act of 2012, described as the “biggest single reorganisation”215 and the “longest and most complex piece of legislation”71 in the history of the NHS. Among the many components of the Act were the abolition of PCTs and strategic health authorities, which had been responsible for commissioning services. PCTs were replaced by CCGs, which were intended to control around 60 per cent of the NHS budget, be led by GPs supported by other clinicians and managers, and were tasked with meeting the needs of their populations. 

This reorganisation resulted in huge workloads for those involved as they struggled to come to terms with new priorities and responsibilities, evolving structures and changes in personnel. This was often accompanied by uncertainties about roles and responsibilities, loss of existing staff with relevant expertise, and loss of organisational memory.73, 74
Furthermore, it occurred as the NHS entered a period of significant financial austerity. After a period of year-on-year budget growth, the NHS was charged with making financial savings of £20 billion over 5 years from 2011–2015, while maintaining (or improving) the quality of the service.75. This required efficiency savings of around 4 per cent per year, compared to maximum previous efficiency savings of around 2 per cent per year. It was recognised that meeting this “unprecedented challenge” would require new ways of working, with an emphasis on reducing hospital admissions for patients with LTCs, as well as a pay freeze for NHS staff.75 

Not entirely coincidentally, at the same time as this reorganisation and economic squeeze, English general practice was entering a period of “crisis”,76 with rapidly rising workload due to increased numbers and complexity of consultations with no concomitant rise in HCP numbers and static or falling incomes.77, 78 As a result, practices were under enormous pressure. Many were unable to fill vacant clinical posts (both doctors and nurses were hard to recruit), leading to excessive workloads for remaining clinicians.79 This was reflected in long waiting times for appointments, and many GPs reported low morale, burn-out and resistance to change.79 Although some practices showed considerable resilience, others went into a spiral of decline. Over the period of this study, three practices closed in our study CCG.
 
The inner context for our case study included the features of the two CCGs we intended to work with. One of the two was a dynamic and largely functional group, with strong clinical leadership and a commitment to innovation. It was one of the first CCGs to be authorised in England,216 going live in April 2013, and had an early goal of “cultural change to improve self-management of medical conditions”.217 Improving prevention and management of LTCs was identified as a key priority, particularly in diabetes, heart failure and lung disease. PPI was also prioritised, with active patient input to key decision-making committees. 

The other CCG also went live in April 2013. Its priorities for its first year were cardiovascular disease, cancer and respiratory disease, with a focus on improving delivery of care through community and primary care services. There was less emphasis on self-management and PPI,218 which are key elements of HeLP-Diabetes. 

[bookmark: _Toc355448191]Aims and objectives
The implementation study was intended in our original grant proposal to fulfil the implementation objectives set out in Chapter 3:

Implement the intervention in two PCTs;
Determine the uptake, use and effects of the intervention in an unselected population in routine care;
Determine factors that inhibit or facilitate integration into existing services and uptake of the intervention by users; 
Determine the resources needed for effective implementation. 

As we prepared for this study, and in line with the approach by Grol et al outlined above,208 it became apparent that the first of these objectives would require developing an implementation plan that would need to be flexible and adaptable in light of emerging data. Thus we reconceptualised the aims and objectives to include the development and modification of an implementation plan. As detailed in Chapter 2, we were sensitive to the digital divide, and wanted to explore to what extent it was reflected in usage and uptake of HeLP-Diabetes, and whether this was affected by the mode of implementation. Hence the revised aims for this work package (WP E) were as follows: 

1. To develop an implementation plan;
2. To evaluate this implementation plan, and apply emerging data to modify it;
3. To determine the impact of HeLP-Diabetes on people with T2DM when implemented into routine care. 

For each aim, we developed specific objectives:

1. To develop an implementation plan:
a. Apply a theoretical framework (NPT) to development of the plan;
b. Explore the extent to which models of implementation could overcome the digital divide and enable people less used to computer technology to use the intervention;
c. Describe the resource requirements for effective implementation. 
2. To evaluate the implementation plan and apply emerging data to modify it: 
a. Describe the adoption, uptake and use of HeLP-Diabetes by HCPs and patients across participating sites;
b. Describe the characteristics of patients registering with HeLP-Diabetes;
c. Describe the impact of the implementation models on uptake by people with T2DM and the digital divide;
d. Understand and explain observed variation between sites in adoption, uptake and use by HCPs and patients;
e. Apply emerging data to revising and improving the original implementation plan;
f. Describe and assess the final implementation model(s).
3. To determine the impact of HeLP-Diabetes on people with T2DM when used in routine care:
a. Determine the impact of HeLP-Diabetes on the trial’s primary outcomes;
b. Determine the impact of HeLP-Diabetes on key intermediate or mediator outcomes, to help inform findings of the trial and test the validity of the mechanism of action for the intervention proposed during its development. 

[bookmark: _Toc355448192]Methods
[bookmark: _Toc355448193]1. Developing an implementation plan
Our original implementation plan was devised to be adaptive and iterative, with evaluation occurring in parallel. It involved a batched roll-out, starting by identifying two or three general practices with a reputation for embracing innovation and successfully managing change. We wanted to work closely with these practices to identify what worked well and what needed further attention, before moving on to further batches of practices. 

As described above, NPT stresses the importance of fitting with existing workflows and work patterns, so the implementation plan was designed to mirror existing systems, thus minimising the behaviour changes required by HCPs. One model of change that GPs were well used to was their local CCG (formerly PCT) commissioning a new service and encouraging practices to use it. We judged that having CCG support for the new service would be important for enhancing credibility and, in NPT terms, likely to promote coherence and cognitive participation. 

[bookmark: _Toc355448194]Selecting clinical commissioning groups 
The implementation literature stresses the influence of context on implementation. As described above, CFIR divides context into outer and inner settings, and says both are important. To a great extent, the outer context (national priorities, policies and economic incentives) was outside our control, so it was important to select a CCG where the inner context was likely to be favourable to our endeavour, and where it would be reasonably easy to study the implementation. 

This led to the identification of the following criteria for selecting CCGs to work with:

Diabetes should be a local priority;
There should be interest in promoting self-management by people with T2DM;
It should be reasonably local, since implementation is promoted by good communication and local ownership; 
The CCG should be interested in working with us. 

The research team was based at UCL, which has a long and close relationship with two local CCGs. Both areas had a history of being open to academic initiatives and favouring research in primary care. Moreover, the chief investigator, Elizabeth Murray, was a GP in CCG 1, and was already known to, and had good working relationships with, many of the GPs in both CCGs.
 
At the time we started preparation for the study (October 2012), CCG 1 was still only a shadow commissioning group, due to go live in April 2013, but it had already determined that its priorities would include LTCs, particularly diabetes, and improving self-management by patients. We therefore contacted the group’s clinical vice-chair to discuss whether the CCG would be interested in promoting use of HeLP-Diabetes across its practices. The CCG reacted rapidly and very positively. We were invited to speak at the next meeting of the self-care group in December 2012 and by the time the CCG went live in April 2013, HeLP-Diabetes was part of CCG policy, and the CCG mandated the lead commissioner for diabetes to work closely with us to promote implementation across the group.

In contrast, CCG 2 had prioritised other diseases for its first year, and was more interested in improving care delivery through community and primary care services, with less emphasis on self-management and PPI.218 Its main activity in relationship to diabetes was establishing an integrated practice unit (IPU), and although the commissioners and senior managers said they wanted to implement HeLP-Diabetes within the IPU, their focus was inevitably more on service redesign. Decision-making was also slower in this CCG. 

Overall, having such strong support from CCG 1 was a great benefit. It strengthened the credibility of the intervention, gave us access to inside information about each practice and advice about who to contact, allowed for integration with local IT systems including EMIS templates and Map of Medicine, and smoothed the various negotiations with other interested bodies such as the local medical council. However, it did bring one significant challenge, which was that we lost control of the implementation process. The CCG wanted rapid deployment across the whole of the group, and would not countenance our batched approach. This had significant implications for our ability to support individual practices with the implementation, as we only had one RA, responsible for both promoting the implementation across the CCG and undertaking the associated evaluation study. We therefore quickly decided to focus our resources on this CCG, and defer implementation in the CCG 2 until we had more time or resources. Hence all the research data presented here come from CCG 1 only.

[bookmark: _Toc355448195]General practice
There were 37 practices in CCG 1 at the start of the study (34 by the end), with a total patient list size of 229,457 in 2013–14,219 and a prevalence of diabetes of 4.92% per cent, or 9,447 patients. Practice list sizes ranged from 941 to 15,273 patients, with the number on each practice’s diabetes register ranging from 74 to 568.219 As practice diabetes registers do not distinguish between type 1 and type 2, we estimated that 90% of patients on the registers would have type 2, in line with national prevalence.

The initial implementation plan for general practices consisted of an introductory email to either the clinical lead for diabetes or the practice manager. The email provided a brief description of HeLP-Diabetes, stressed the support of the CCG and that HeLP-Diabetes would help with achieving the diabetes locally enhanced service (LES). We offered to visit the practice to demonstrate the programme, and offered free staff training if practices decided to adopt it. 

The initial practice visit was designed to fit with busy practice routines. Most practices could offer us 15–20 minutes in a lunchtime meeting. We developed a presentation targeted at the constructs of coherence and cognitive participation. This described HeLP-Diabetes, focusing on the key elements of a holistic approach to self-management, covering medical, emotional and role management; the strong evidence base; compatibility with NICE guidelines; and its accessibility to people with low literacy or poor English. The support of the CCG was also emphasised, along with the fact that this service was being made available free for the duration of the research study (i.e. until February 2016). We then discussed the workload implications for the practice.

Our initial design had included a 40-minute facilitation appointment, where patients were registered on HeLP-Diabetes and shown how to use it, with demonstrations of key facilities such as goal setting, action planning and self-monitoring. The rationale for this appointment was threefold. First, as detailed in Chapter 2, we had always conceived of the total intervention as the web programme plus interactions between HCPs and patients, with HCPs encouraging use of the programme and integrating it into consultations. This approach fitted with the LES which was based around care planning, with goals agreed between clinicians and patients, as detailed in the Year of Care initiative.216 Secondly, we hypothesised that integrating the web-programme into routine NHS care would promote trust and help overcome some of the digital divide. The facilitation appointment would encourage and aid people who were not comfortable using computer programmes; we had successfully tried a similar approach with a heart disease programme some years earlier.69 Finally, it was important that HeLP-Diabetes be available only to registered users: this would ensure there was no contamination of the trial, which was occurring in parallel in a different geographical location, as members of the trial control group would be unable to gain access to the website; and we were keen for HeLP-Diabetes to be seen as an NHS resource and not just a free website. Moreover, given the original intention of linking with users’ EMRs, it was essential that the registration process was secure and met NHS governance requirements.

However, it was immediately clear that practices could not countenance dedicating 40 minutes to facilitating use, despite acknowledging that many practice nurses spent at least 40 minutes with newly diagnosed patients, explaining the nature of diabetes, how to self-care, what to eat, and how diabetes is treated — all topics covered in detail by HeLP-Diabetes. 

To address this problem we offered the first practice we visited researcher time, where the researcher held weekly sessions in the practice, registering patients referred to HeLP-Diabetes and providing the sort of facilitation described above. The plan was to register all the patients already diagnosed with T2DM, with the hope that the practice nurse would eventually take over the task for newly diagnosed patients.

Given the CCG requirement for mass simultaneous roll-out, we could not offer this level of support to each practice, as we calculated it would take several months to register every patient with T2DM. The grant funded only one RA for the implementation study, and this researcher was responsible both for achieving implementation and undertaking the evaluation. Hence we had to urgently reconsider the facilitation model to find one more acceptable to practices.

Practices made it clear that time was of the essence, and that the revised model should be as minimal as we could make it. We simplified the registration process so that it could be completed in less than 5 minutes, and abolished the requirement for facilitation, although we did ask that, where possible, practice staff at least introduced the patient to some key elements of the programme.

Even this simplified procedure proved to be quite a barrier for some practices. Further analysis revealed two factors at play, both relating to the NPT construct of skill set workability, i.e. the degree to which HCPs feel an intervention matches their skills, roles and identity. GPs and practice nurses both felt that nurses were better employed in clinical tasks, not teaching patients how to use an IT programme. Secondly, some practice nurses were not comfortable using computer technology and found it hard to remember how to register patients.

In light of these findings, we suggested practices consider delegating the task of registering patients on to health care assistants (HCAs) where in post, or to receptionists. The task seemed particularly well suited to HCAs, who tended to be young and familiar with IT, and keen to help patients while being aware that they had little or no clinical knowledge themselves. They reported enjoying using HeLP-Diabetes to learn more about diabetes themselves, and feeling empowered to help patients by helping them find the answers to their questions on the website, rather than having to store them up to ask a nurse or GP. In practices without an HCA, receptionists often took on the task of registering patients. Some practices said they found it easier to register patients in batches, at a time that was convenient for them, rather than doing it when the patient was present, so we designed a paper form which patients could fill in, which contained all the data needed for registration, and which patients could leave with reception for subsequent action.

Our final attempt to overcome the barriers to registering people with T2DM was devised with our PPI representatives, who suggested that trained PPI could go into practices and promote use of HeLP-Diabetes. Our PPI were very committed to HeLP-Diabetes, and extremely keen to maximise uptake. Patient champions and advocates were being used successfully in a neighbouring area to increase patient engagement with education and care (https://knowdiabetes.org.uk/support/). This suggestion was put to the CCG who agreed it, and offered to help with any governance issues arising. Unfortunately, despite repeated offers to practices of trained patient advocates to help with registering patients on HeLP-Diabetes, no practice took up this offer. It was difficult to establish reasons for this, but informal comments suggested that arranging a room for the patient advocate to work in, referring patients to her, or allowing her to hold patient groups in the waiting room all seemed like additional work which the practice could not undertake. Moreover, there may have been anxieties around confidentiality and governance, despite us providing reassurance about training and CCG support for this move.

Hence the final implementation model used across most practices was one with a simplified registration process, which could be undertaken by an HCA or receptionist in about 5 minutes, offered in parallel with a self-registration process which patients could undertake themselves. Some practices (n = 6) offered only self-registration. 

Allowing patients to self-register required some technical adjustments. We needed to ensure that only patients from the CCG registered (to avoid contaminating the trial), and so we used a system of codes issued to each practice. Practices could either give out hard copies of leaflets, which each contained a single-use code, or they could print out a PDF (portable document format) file from the practice intranet which had a group code on it. We could therefore continue to monitor which practices were registering patients, and how each patient was registered; important data for our evaluation. 

[bookmark: _Toc355448196]Hospital outpatient clinic
The plan detailed in our grant application had focused on implementation through general practice. This decision was based partly on resource, and partly on keeping a tight focus on the research question. However, given the contextual issues described above, and with CCG and steering group encouragement, we decided to broaden our implementation focus to include the local hospital outpatient clinic for people with T2DM, and the intermediate care service. 

The local hospital had strong ownership of HeLP-Diabetes, with the lead consultant for diabetes being a co-investigator on the programme grant (MB) who had contributed very substantially to the development of the intervention.

Patients attending secondary care for diabetes tended to be those with complex health problems which their GP did not feel competent to manage, such as diabetes that was hard to control with standard regimens, frequent hypoglycaemic attacks, or complications from their diabetes. The hospital offered a consultant-led service, with the team including diabetes specialist nurses and junior doctors. Patients were referred from a number of CCGs, including CCGs 1 and 2. 

The hospital diabetes team agreed to implement HeLP-Diabetes, and were trained in the revised, slimmed-down, registration procedures. However, the clinic was running on what one staff member described as a “skeleton staff”, so nurses had no time to sign patients up. A further significant barrier was the need for nurses to remember only to offer HeLP-Diabetes to referrals from GPs in CCGs 1 and 2. The study steering group had decided to restrict registrations in this way for several reasons: HeLP-Diabetes was badged as a CCG service, and in a commissioning model, services commissioned by one CCG are not available to patients from a different CCG; we had insufficient resources to cover a third CCG (although we did consider it carefully) and our ethics and research governance approvals did not include patients from outside CCGs 1 and 2. By this stage invitation to participate in the HeLP-Diabetes evaluation study was integrated into the registration procedures (to save staff time), and it would have been too complex to have different registration procedures for patients from different CCGs.

In response to these challenges, we tried two alternative methods of registering people with T2DM. Firstly, the RA went to the outpatient clinic, and approached patients in the waiting room, offering to sign them up. Secondly, the clinic staff undertook a mass mail-out of patient self-sign up leaflets to all patients from CCG 1 attending the clinic. 

[bookmark: _Toc355448197]Intermediate care service
The intermediate care service was designed for patients with problems too complex to manage in general practice but not requiring the level of specialist input available in the hospital (e.g. conversion to insulin). The Diabetes Intermediate Service team consisted of diabetes specialist nurses, dieticians and psychologists, with support from a diabetes consultant, and was based in a primary care centre in CCG 1. 

Group education and promotion of self-management were key components of the service, which ran the DESMOND programme for the area and a 7-week self-management programme (Co-Creating Health), designed to help participants build the skills, knowledge and self-belief required to manage their diabetes effectively.

Once again, CCG support proved extremely useful for gaining access to this service, as it was commissioned by the CCG. The initial response from the service was extremely positive, with the team agreeing in February 2014 to implement HeLP-Diabetes . Unfortunately, very shortly afterwards, the lead diabetes specialist nurse left. It proved difficult to replace her, and there followed a year of rapid turnover and staff shortages, during which the service was unable to implement HeLP-Diabetes.

By February 2015 the Diabetes Intermediate Service team was reconstituted, and another attempt was made to implement HeLP-Diabetes. Once again, the team were enthusiastic about the service, but concerned about workload, so agreed to implement the self-sign up model for patients graduating from the DESMOND course. 

[bookmark: _Toc355448198]2. Evaluating the implementation plan
[bookmark: _Toc355448199]Design 
We used a case study design, with mixed methods, combining quantitative and qualitative data. The evaluation of the implementation was conducted in parallel with the implementation but kept conceptually separate. Sites (CCG, practices, hospital clinics, intermediate care) and participants (commissioners, HCPs, patients) were offered use of HeLP-Diabetes. Subsequently, whether or not they accepted the offer of HeLP-Diabetes, they were asked if they would like to participate in the research evaluating the implementation. It was made clear at every point that there was no onus on those accepting the service (HeLP-Diabetes) to participate in the evaluation. 

[bookmark: _Toc355448200]Definitions
For the purposes of this study, the following definitions were used:

Adoption: A decision by a site (practice, outpatient clinic, service) to make use of HeLP-Diabetes;
Use by services: The use made by the service of HeLP-Diabetes, reflected in the number of people registered;
Uptake: The uptake of HeLP-Diabetes by people with T2DM, reflected by the number of people signing up to use the programme; 
Use by patients: The use made by patients, after being registered. 
Implementation plan: The plan designed by us to implement HeLP-Diabetes into routine care.
Innovation or intervention: HeLP-Diabetes.

[bookmark: _Toc355448201]Ethics and research governance 
Ethics and research governance approval for the study design, materials and procedures were obtained from the National Research Ethics Service Committee East Midlands-Leicester ref: 13/EM/0033, and the local PCTs (later CCGs). Letters of access were issued by the trust for the research to be conducted with primary care staff and patients at practices in their trust. 

[bookmark: _Toc355448202]Setting and participants
The setting was one CCG in North London; participants were health care commissioners, HCPs and people with T2DM involved in the implementation of HeLP-Diabetes. Every attempt was made to obtain data from those who declined to adopt or use HeLP-Diabetes as well as from those who did use it.

[bookmark: _Toc355448203]Data collection
Quantitative data
Data to describe sites: Quantitative data were collected to describe the participating sites and, where available, their populations, rates of adoption among sites, use made of the intervention by each site, uptake and use by people with T2DM, and the characteristics of users. Where possible, we obtained this data from existing sources, such as practice and CCG websites, the Health and Social Care Information Centre website which holds all the information pertaining to the QOF at national, regional, CCG and practice levels, and the Office for National Statistics website. Where necessary, we supplemented this data with a pro-forma completed by the practice manager or other site lead. 

Data to describe adoption and use by services: The research team collected data on the number and type of services within the CCG that were offered the intervention; dates and content of all communication with sites; dates of meetings and staff present; decisions on adoption made by sites, with reasons where available; dates of training sessions and staff attending; type of registration model in use; and number and date of patient registrations. 

Data to describe uptake and use by patients: Automated software, embedded into the intervention, recorded each visit by registered users, including date, time, and the number and URL for each page visited. The requirement for this function was specified at the time of the original tender for developers for HeLP-Diabetes. Initially, the software company argued that Google Analytics would meet our needs; however, when we came to test this data we discovered it was insufficiently accurate, often failing to record visits made by the research team with the object of testing the data. After lengthy discussions with our software providers, we agreed an alternative, bespoke approach, which used server-side data. Unfortunately it took some time for the developers to build the requisite software, and so we were only able to collect usage data after 1 January 2014. To avoid over-counting log-ins due to, for example, computer time-out, we used the number of days when a log-in occurred as the main measure of use.

Data to describe patients registered with HeLP-Diabetes: All patient users were required to complete a registration form requesting demographic, clinical and contact details. Demographic data included gender; ethnicity; date of birth; highest educational attainment; internet access (home or public); and level of previous computer experience (basic, intermediate or advanced). The first registration form was designed to be completed by an HCP, and did not include data on educational attainment. This was added when the form was adapted for completion by patients (5 March 2014). Clinical data were date of diagnosis; duration of diabetes; current management (lifestyle only, lifestyle + tablets, lifestyle + tablets + insulin or other injectables); and areas that the user would most like help with for their diabetes. Users could choose as many options as they liked for this last question. Contact details included name, email address, practice where registered, and optional mobile or landline numbers, all linked to their username and password so that patients who forgot their password could be sent a reminder. 
Qualitative data
There were three main sources of qualitative data:
 
Semi-structured interviews with HCPs and commissioners;
Semi-structured interviews with patients;
Detailed field notes recording researcher observations of meetings, informal conversations, practice visits, telephone calls, emails and all other communications with those involved in, or relevant to, the implementation. 

Health care professional interviews: Semi-structured interviews with commissioners and HCPs were undertaken throughout the study period. We aimed to sample across the range of HCPs involved in the implementation, including GPs, nurses, HCAs, practice managers, administrative and reception staff, consultants, and commissioners. We tried to include HCPs from sites which had adopted the intervention, and from sites which had either declined the intervention, or accepted the adoption but not made any use of it. Sampling continued until the point of data saturation, i.e. where no new themes were emerging from subsequent interviews.

Interviews were conducted face to face, generally in the HCP consulting rooms and almost all were individual interviews, with the exception of one focus group of three nurses and an HCA from the same practice which arose opportunistically from an individual interview arranged with a nurse. Interviews lasted approximately 30 minutes, and were recorded using a digital voice recorder.

The topic guide for these interviews was informed by NPT, and evolved over time in response to emergent themes. It was tailored for each professional group to reflect their different roles in the implementation process. NPT constructs addressed included coherence (sense-making around self-management for patients with diabetes in general and HeLP-Diabetes in particular); cognitive participation (reasons for deciding whether or not to adopt HeLP-Diabetes); collective action (impact on workload and workflow); and reflexive monitoring (perceptions of benefits, problems and suggestions for change). Questions covered their own professional role, the nature of the clinical service in which they worked, how the service cared for patients with diabetes, and what they saw as the biggest challenges in providing this care. Participants were asked for their views on self-management, and whether and how they supported patients in doing this. They were asked about how, in general, the service decides whether to adopt a new service, and in particular, why and how they had reached their decision about HeLP-Diabetes. For those working in sites which had adopted HeLP-Diabetes there were questions about how the intervention had been introduced and used in the site, by whom and with what support, and how these decisions had been reached. They were asked to reflect on the success or otherwise of the implementation, asked for their views about barriers and facilitators to this implementation, and for suggestions on how to improve the process.

Patient interviews: For ethical reasons, these could only be undertaken with people with T2DM who had agreed to participate in the research process. Nevertheless, we attempted to recruit a sample that varied by age, ethnicity, educational attainment, duration of diabetes, type of treatment, existence of complications and IT experience. Sampling continued to the point of saturation, where no new themes were emerging from interviews.

The topic guide for patient interviews was also informed by NPT. As NPT focuses on the work of implementing and integrating an intervention into routine practice, it can be hard to see how to apply it to patient interviews. However, NPT has been used to illuminate patient experiences of the “work” of being ill.220 In accordance with this previous work, the topic guide for people with T2DM focused on their views of the work of managing diabetes, whether and how HeLP-Diabetes helped this work and how the intervention could be improved. Hence interviews explored issues around what having diabetes meant to the patient (coherence), their views about their role in their care (cognitive participation for self-management), the work involved in self-management (collective action), including how it affects their relationships with friends and family (interactional workability), support available from the NHS (relational integration), challenges with undertaking the work (skill set workability) and relative priorities within their lives (contextual integration).

Field notes and research diary: The lead researcher on the study (JR) kept a detailed research diary. This was used to record data from informal feedback and conversations, telephone calls, the experiences of supporting each practice to implement the intervention, personal reflections, discussions with staff during training sessions, email communications and any other data that could inform the evaluation. Notes were entered into a notebook either during or immediately after interactions with sites and services. These notes were then subsequently transferred to an Excel spreadsheet, with a row for each site and the notes in columns. 

[bookmark: _Toc355448204]Data analysis
Quantitative data
Simple descriptive statistics were used for much of the quantitative data, with the exception of analyses exploring the relationship between user characteristics and intervention use, and impact of mode of registration on characteristics of registered users, where univariate and multivariate logistic regression analyses were conducted. 

Qualitative data
Interviews were digitally recorded and transcribed by a professional transcription service, then checked for accuracy and anonymised by the research team using a unique identifying code for each interviewee. Analysis was undertaken concurrently with data collection, to allow for rapid adjustments of the implementation plan, and to direct future data collection.

Data analysis was initially done thematically, following a data-driven, inductive process. All transcripts were read by the lead researcher (JR), the chief investigator (EM) and another investigator (FS). They discussed emergent themes where were then presented to the study steering group. Steering group discussions tended to focus on implications of the data for the implementation plan, and how to respond to these. Hence we also sought additional input into the thematic analysis by holding a data clinic.

Once agreed, main themes from the HCP interviews were mapped onto the constructs of NPT. This two-stage process has been used by other authors.120, 221, 222 Its strength is that it combines the benefits of a theory-driven approach to moving the analysis beyond description, while not forcing data into pre-determined categories (although it is acknowledged that the use of NPT to develop interview guides influenced the emergent themes). We specifically looked for themes which did not map onto any of the NPT constructs, to ensure they would still be captured and also to form the basis of a critique of the scope and robustness of NPT in explaining these data. Data from the field notes and research diary were also analysed thematically and used to inform, confirm or refute interpretations of formal interview data.

We attempted to undertake a similar mapping exercise with the patient interview data, but found the data did not map well, and that the resulting analysis was less informative than the initial thematic analysis. We therefore decided against this approach for the patient data. 

Illustrative extracts of the data are presented in the results, with identification by participant number with their professional background (for HCPs) or age, gender and level of computer experience (for patients).

[bookmark: _Toc355448205]3. Evaluating the impact of HeLP-Diabetes
The planned methodology for determining the impact of HeLP-Diabetes on both the primary outcomes selected for the trial (HbA1c and PAID) and on hypothesised key intermediate outcomes was a series of sub-studies with a single arm, pre-post design. Participants who consented to take part in the evaluation would be asked to complete additional questionnaires at baseline and follow-up. We planned to start with a sub-study focused on the impact on diabetes-related distress, as measured by PAID, to generate data directly comparable to the trial data. Once that had been achieved, we hoped to run repeated sub-studies, exploring outcomes of interest. However, as only 36 of the 205 patients who registered to use HeLP-Diabetes consented to participate in the associated research, we were unable to pursue this aim.

[bookmark: _Toc355448206]Results
[bookmark: _Toc355448207]1. Developing the implementation plan 
The original plan, with modifications, has been described above.

[bookmark: _Toc355448208]2. Evaluating the implementation plan
[bookmark: _Toc355448209]Objective 2a: Describe the adoption, uptake and use of HeLP-Diabetes by health care professionals and patients across participating sites
Adoption was defined as the service deciding to offer HeLP-Diabetes to their patients, while use by services was defined as staff within the service offering HeLP-Diabetes to their patients and registering at least one patient. Adoption rates were high, but usage rates were lower (Table 36).


[bookmark: _Toc355447334]Table 36: Adoption and usage rates by service
	Service
	Adoption rate (no. adopting/no. offered; %)
	Usage and number of patients registered
	Comment

	CCGs
	2/2; 100%
	2/2; CCG 1 registered 205 patients; CCG 2 registered 12 patientsb 
	CCG 1 was extremely enthusiastic and pro-active, so we focused our available resource there.

	General practices
	22/34a; 65%
	18/22 registered at least one patient. Number of patients registered per practice ranged from 1 to 40 with median of 3
	Of non-adopters, 1 declined due to potential linkage with the EMR, 6 responded positively but we were unable to arrange a practice visit, and 8 never replied to CCG or research team. 

	Intermediate care service
	1/1; 100%
	1/1; registered 1 patient
	Agreed adoption, but then experienced year of substantial staff turnover; new team again agreed to adopt but only shortly before end of study.

	Secondary care service
	1 / 1; 100%
	1/1; registered 30 patients
	—


a Of 37 practices at the beginning of the study, 3 closed and could not adopt HeLP-Diabetes. 
b CCG 2 patients not included in data below as for reasons described in the methods, we were unable to put any resource into promoting or evaluating implementation in CCG 2.
Uptake and use by patients
Uptake by patients was defined as the patient registering to use HeLP-Diabetes. A total of 205 people with T2DM registered during the study period (March 2013 to August 2015). Of these, 143 (70%) were registered by an HCP, with the remainder (n = 62; 30%) self-registering. Use by patients was defined as patients using the intervention at least once after the day of registration. Just over half of those registered (n = 104; 51%) used HeLP-Diabetes by this definition.

These users showed a wide range of usage of the intervention. The number of days with a recorded log-in ranged from 1–77, with a median of 2 days (IQR 1 – 4) of use per person. Users appeared to appreciate the availability of the intervention at all times, with page views recorded for every hour of the day. In total there were 3,221 page views of which just over half (n = 1651; 51.2%) took place outside normal working hours (0900–1700) (Figure 22). 
[bookmark: _Toc445632547]

[bookmark: _Toc355446896]Figure 22: Percentage of page views by time of the day

However, less use of the intervention was made at weekends than during the week, with only 20% (n = 88) of visits and 13.7% (n = 443) of page views occurring on Saturday or Sunday.
Content accessed by users
Users viewed 396 different pages of the 560 available in the intervention. The most frequently viewed pages are displayed in Table 37: apart from the homepage, pages on food, common diabetes questions, care-planning and the forum were accessed most often. 
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[bookmark: _Toc355447335]Table 37: Most frequently viewed intervention pages
	Title of page accessed
	Frequency of page views
	Percentage of 
all page views

	Homepage
	520
	16.1

	Food
	62
	1.9

	Common diabetes questions
	54
	1.7

	My diabetes care plan
	43
	1.3

	Help Diabetes Forum 
	42
	1.3

	How my body can be affected
	39
	1.2

	My health profile
	39
	1.2

	Eating & drinking
	35
	1.1

	Exercise videos
	32
	1.0

	My test results
	32
	1.0

	Understanding diabetes
	32
	1.0

	Staying healthy
	28
	.9

	My appointments
	22
	.7

	Understanding my moods
	22
	.7

	How is type 2 diabetes treated?
	21
	.7

	Living & working with diabetes
	20
	.6

	Physical activity
	20
	.6

	Looking after yourself
	19
	.6

	My health record
	19
	.6

	Snacks and desserts
	19
	.6

	Forum
	17
	.5




[bookmark: _Toc355448210]Objective 2b: Describe the characteristics of patients registering with, and using, HeLP-Diabetes
Characteristics of patients registered with HeLP-Diabetes
A wide range of users registered with HeLP-Diabetes. Over half (n = 107, 52%) of registered users were male and 52% (n = 107) were from ethnicities other than White British, with African, Caribbean, Bangladeshi, Indian and other ethnicities represented. There was a wide spread of ages (range 19–81, mean 56.8, SD 11.8 years) and of educational levels. As the question on educational qualification was added late, this data was not available for many people. Of the total population of patients registered, 15% (n = 31) had no educational qualifications and a further 16% (n = 33) being school leavers. Of the population of patients registered who provided data on this question, 52% had no educational qualification or were school leavers. Although the majority of those who registered to use the intervention had home internet access (n = 177, 86%), over a third (n = 79, 39%) described their computer skills as basic. Duration of diabetes ranged from less than a year to over 20 years; most patients were treated with lifestyle modification and medication, and a few (n = 26, 13%) used insulin (Table 38). 

[bookmark: _Toc445632523][bookmark: _Toc355447336]Table 38: Characteristics of patients registered for HeLP-Diabetes
	Characteristics of registered users
	Frequency (n = 205)
	Per cent

	Gender
	Male
	107
	52.2

	
	Female
	98
	47.8

	Ethnicity
	White British
	98
	47.8

	
	Non-White British
	107
	52.2

	Education
	None/school leaver
	64
	31.2

	
	A-levels or higher
	58
	28.3

	
	Missing
	83a
	40.5

	Duration of diabetes
	Less than a year
	53
	25.9

	
	1–5 Years
	66
	32.2

	
	5–10 years
	37
	18.0

	
	More than 10 years
	44
	21.5

	
	Missing
	5
	2.4

	Management of diabetes
	Lifestyle only
	40
	19.5

	
	Tablets
	128
	62.4

	
	Insulin
	27
	13.2

	
	Missing
	10
	4.9

	Internet access
	Home
	177
	86.3

	
	Public
	9
	4.4

	
	Missing
	19
	9.3

	Computer skills
	Basic
	79
	38.5

	
	Intermediate/ advanced
	105
	51.2

	
	Missing
	21
	10.2

	Registration model
	Staff registered
	142
	69.3

	
	Self sign-up
	63
	30.7

	NHS service type
	GP practice
	175
	85.4

	
	Hospital
	30
	14.6

	
	Community clinics
	1
	0.5

	HeLP-Diabetes use
	No use
	101
	49.3

	
	Low (1–2 days’ use)
	66
	32.2

	
	High (more than 2 days’ use)
	38
	18.5


a This question was added to the online patient registration form when the patient self-registration model was introduced and therefore was not asked of patients who registered earlier.
Predictors of usage of HeLP-Diabetes
Just over half of the people (n = 104; 51%) who were registered on HeLP-Diabetes subsequently used the intervention. To determine whether there were demographic or clinical predictors of use, we undertook univariable and multivariable binomial logistic regression, comparing non-users with users (Table 39).

[bookmark: _Toc355447337]Table 39: Univariable and multivariable logistic regression for predictors of some usage of HeLP-Diabetes
	Characteristics associated with some use of HeLP-Diabetes
	Univariable
	Multivariable n = 114
	Multivariable backwards stepwise regression n = 184

	
	n
	Odds ratio (95% CI)
	p-value
	Odds ratio (95% CI)
	p-value
	Odds ratio (95% CI)
	p-value

	Age (years)

	202

	1.01
(0.99, 1.04)
	0.23

	0.99
(0.95, 1.04)
	0.74

	
	

	Sex:
	205
	
	0.30
	
	0.54
	
	

	Male
	
	1.00
	
	1.00
	
	
	

	Female
	
	0.75
	
	1.34
	
	
	

	
	
	(0.43, 1.29)
	
	(0.53, 3.42)
	
	
	

	Ethnicity
	205
	
	0.08
	
	0.28
	
	

	White British
	
	1.00
	
	1.00
	
	
	

	Non-White British
	
	0.61
	
	0.61
	
	
	

	
	
	(0.35, 1.06)
	
	(0.25, 1.50)
	
	
	

	Education 
	122
	
	0.08
	
	0.62
	
	

	None/School leaver 
	
	1.00
	
	1.00
	
	
	

	A-level or higher
	
	1.96
	
	1.30
	
	
	

	
	
	(0.93, 4.12)
	
	(0.47, 3.65)
	
	
	

	Duration of diabetes
	200
	
	0.17
	
	0.73
	
	

	<1 year 
	
	1.00
	
	1.00
	
	
	

	1–5 years 
	
	0.62
(0.30, 1.28)
	
	0.65
(0.15, 2.87)
	
	
	

	5–10 years 
	
	1.17
(0.50, 2.73)
	
	1.38
(0.25, 7.73)
	
	
	

	>10 years
	
	1.42
(0.63, 3.19)
	
	1.00
(0.15, 6.65)
	
	
	

	Management of diabetes 
	195
	
	0.31
	
	0.59
	
	

	Lifestyle only
	
	1.00
	
	1.00
	
	
	

	Lifestyle and tablets 
	
	1.03
(0.73, 5.50)
	
	1.11
(0.23, 5.45)
	
	
	

	Lifestyle, tablets, insulin
	
	2.00
(0.73, 5.50)
	
	0.53
(0.05, 5.04)
	
	
	

	Computer skills
	184
	
	0.0165
	
	0.08
	
	0.05

	Basic 
	
	1.00
	
	1.00
	
	1.00
	

	Intermediate/ Advanced
	
	2.07
(1.14, 3.74)
	
	2.40
(0.90, 6.39)
	
	1.87
(0.99, 3.55)
	

	Registration model 
	205
	
	<0.0001
	
	0.0020
	
	<0.0001

	Staff registered 
	
	1.00
	
	1.00
	
	1.00
	

	Self-signup
	
	5.54
(2.80,10.96)
	
	5.21
(1.83,14.82)
	
	5.91
(2.84,12.31)
	


Note: p-value calculated from a Wald test. Backwards stepwise regression begins with a full model and progressively removes terms with p-values>0.10.

It can be seen that there were no demographic predictors of use compared to non-use of HeLP-Diabetes. Those who had self-registered were more likely to use HeLP-Diabetes after registering, presumably reflecting the increased motivation they had demonstrated by signing themselves up.

[bookmark: _Toc355448211]Objective 2c: Describe the impact of implementation models on uptake by patients and the digital divide
Although overall there was little evidence of the digital divide in registered users, we were concerned that the self-registration model, introduced in response to practice concerns about workload, would favour patients more used to using computers. In light of this we undertook multivariable binary logistic regression to explore whether there were associations between mode of registration and characteristics of users. This analysis suggested that mode of registration did indeed impact on the digital divide, with users who had self-registered more likely to have higher levels of educational attainment. Educational attainment and computer experience were highly correlated. Age, gender and ethnicity were not associated with mode of registration (Table 40).

[bookmark: _Toc355447338]

Table 40: Univariable and multivariable logistic regression investigating the association between patient characteristics and the likelihood of self-signup
	Characteristics associated with some use of HeLP-Diabetes
	Univariable
	Multivariable n = 117
	Multivariable backwards stepwise regression n = 118

	
	n
	Odds ratio (95% CI)
	p-valuea
	Odds ratio (95% CI)
	p-valuea
	Odds ratio (95% CI)
	p-valuea

	Age (years)

	202
	1.01 
(0.98, 1.03)
	0.56
	1.00 
(0.97, 1.03)
	0.95
	
	

	Sex
	205
	 
	0.12
	 
	0.42
	
	

	Male
	
	1.00
	
	1.00
	
	
	

	Female
	
	0.62 
	
	1.43 
	
	
	

	
	
	(0.34, 1.14)
	
	(0.59, 3.46)
	
	
	

	Ethnicity
	205
	 
	0.57
	 
	0.27
	
	

	White British
	
	1.00
	
	1.00
	
	
	

	Non-White British
	
	0.84 
	
	0.62 
	
	
	

	
	
	(0.46, 1.52)
	
	(0.27, 1.44)
	
	
	

	Education
	122
	 
	0.0001
	 
	0.0030
	
	0.0045

	None/School leaver 
	
	1.00
	
	1.00
	
	1.00 
	

	A-level or higher
	
	4.52 
	
	3.90 
	
	3.26 
	

	
	
	(2.10, 9.75)
	
	(1.59, 9.57)
	
	(1.44, 7.38)
	

	Computer skills 
	184
	 
	0.10
	 
	0.10
	
	0.08

	Basic 
	
	1.00
	
	1.00
	
	1.00
	

	Intermediate/ Advanced
	
	1.70
(0.90, 3.21)
	
	2.07
(0.87, 4.94)
	
	2.08
(0.91, 4.75)
	


a p-value calculated from a Wald test.

[bookmark: _Toc355448212]Objective 2d: Understand and explain observed variation between sites in adoption, uptake and use by health care professionals and patients
HCP interview data 
Twenty-one members of practice and clinic staff took part in 17 interviews and one focus group (with four staff from the same GP practice). The majority of staff (18/21) worked in GP practices, with a further two based in hospital clinics and one at the CCG headquarters. Unfortunately, no members of staff from community clinics participated. Most interviewees worked in services where HeLP-Diabetes had been adopted and implemented to some extent (19/21). The number of patients registered to HeLP-Diabetes from these services ranged from 1 to 40. One participant worked in a practice where adoption of HeLP-Diabetes had been declined and another worked in a GP practice where HeLP-Diabetes had been adopted (adoption agreed), but not used (no patients registered) (see Table 41).

The themes that emerged from the data mapped easily onto NPT, with no themes that did not map onto any NPT construct. NPT provided a useful theoretical lens through which to interpret the qualitative data and explain the observed variation in adoption, uptake and use between sites. This variability was reflected in the variation in degree to which the constructs of NPT operated. Hence the data from the interviews are presented under the main NPT constructs. As in WP B, interviewees distinguished between what they thought of as the main intervention (the HeLP-Diabetes support programme) and the facilitation we asked practices to provide. Overall, HeLP-Diabetes appeared to have reasonably good levels of coherence, cognitive participation, and collective action, whereas offering facilitation had poor levels of coherence and cognitive participation and a negative impact on collective action. As a result, overall uptake and use by patients was lower than HCPs had anticipated, and this led to HCPs perceiving HeLP-Diabetes to be less beneficial than anticipated (reflexive monitoring). These findings are presented in more detail below.
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[bookmark: _Toc355447339]Table 41: Characteristics of health care professionals interviewed (n = 21)
	ID
	Age range
	Gender
	Professional Role
	Service setting
	Years in
 current role
	Ethnic background
	Internet experience
	Practice/clinic implementation status
	No. patients registered

	ST1
	35–44
	M
	GP partner
	GP practice
	11
	White British
	Experienced
	Adopted and implemented
	40

	ST2
	55–64
	F
	Diabetes specialist nurse
	Hospital
	12
	White British
	Experienced
	Adopted and implemented
	30

	ST3
	45–54
	M
	Commissioning officer
	N/A
	2
	White British
	Expert
	Adopted
	N/A

	ST4
	25–34
	F
	Practice nurse
	GP practice
	2
	White British
	Experienced
	Adopted and implemented
	28

	ST5
	45–54
	F
	Health care assistant
	GP practice
	10
	White British
	Experienced
	Adopted and implemented
	40

	ST6
	35–44
	M
	GP partner
	GP practice
	3
	Indian
	Experienced
	Adopted and implemented
	8

	ST7
	35–44
	F
	Receptionist/
admin
	GP practice
	9
	White British
	Experienced
	Adopted and implemented
	40

	ST8
	18–24
	M
	Receptionist/
admin
	GP practice
	1
	White and Black Caribbean
	Experienced
	Adopted and implemented
	11

	ST9
	55–64
	F
	Advanced nurse practitioner
	GP practice
	4
	White British
	Experienced
	Adopted and implemented
	3

	ST10
	35–44
	M
	Practice manager
	GP practice
	7
	White British
	Experienced
	Not adopted
	0

	ST11
	35–44
	F
	GP partner
	GP practice
	17
	White British
	Experienced
	Adopted and implemented
	15

	ST12*
	45–54
	F
	Practice nurse
	GP practice
	4
	White British
	Experienced
	Adopted and implemented
	11

	ST13*
	45–54
	F
	Practice nurse
	GP practice
	9
	White British
	Experienced
	Adopted and implemented
	11

	ST14*
	35–44
	F
	Health care assistant
	GP practice
	<1
	Sri Lankan
	Experienced
	Adopted and implemented
	11

	ST15*
	25–34
	F
	Practice nurse
	GP practice
	8
	White NZ/US
	Experienced
	Adopted and implemented
	11

	ST16
	55–64
	F
	Diabetes specialist nurse
	Hospital
	1
	White British
	Experienced
	Adopted and implemented
	30

	ST17
	45–54
	F
	Health care assistant
	GP practice
	7
	White British
	Expert
	Adopted and implemented
	40

	ST18
	25–34
	F
	Receptionist/
admin
	GP practice
	5
	White British
	Experienced
	Adopted and implemented
	1

	ST19
	45–54
	M
	Salaried GP
	GP practice
	1
	White Irish
	Experienced
	Adopted and implemented
	11

	ST20
	65–74
	F
	Practice nurse
	GP practice
	17
	White British
	Experienced
	Adopted but not implemented
	0

	ST21
	55–64
	F
	Practice nurse
	GP practice
	20
	White British
	Experienced
	Adopted and implemented
	3





Coherence 
HCPs in our study had a clear understanding of the potential benefits of self-management, both intrinsically or philosophically and as a response to lack of capacity in the health care system to meet all the needs of patients with LTCs in general, and diabetes in particular. Self-management had the potential to improve health outcomes and quality of life for people with T2DM, and to reduce health care costs. They were also aware that patients needed considerable support to self-manage and varied in their capacity and readiness to self-manage, and that there were problems with the current dominant model of support, namely group-based structured education shortly after diagnosis (as discussed in earlier chapters).

Professionals liked the concept of a web-based programme, were impressed by the holistic nature of HeLP-Diabetes, (addressing patient’s emotional and role issues as well as more obviously medical concerns) and the way it presented information in an accessible format including videos and its user-friendly nature. It fitted well with local and national priorities and policies, including promotion of self-management and use of technology. These factors all helped explain the wide-scale adoption of HeLP-Diabetes. 

ST1 (GP partner): What HeLP-Diabetes does is it gives people that information that they can access at any time, because it’s on the computer. 

ST4 (practice nurse): People can tailor it or get the information that they want out of it. In terms of timing they can access it whenever they want, rather than having to miss work, which is obviously quite a big issue for these patients.

In contrast, HCPs had more variable understanding of the need for supporting patients to use HeLP-Diabetes. While some felt that patients should simply be given the URL and left to it, others could see the value of registering patients and introducing them to the varied content.
Cognitive participation
Most HCPs felt that making HeLP-Diabetes available to their patients was a legitimate part of their role, and something that should be supported within the practice. However, for many practices, the structural constraints of workload and staff shortages made it impossible to take on any additional duties, such as registering patients or introducing them to the programme. This was an example of how implementation of even beneficial and legitimate interventions can be compromised by structural inequalities and shortages in resources.

ST12 (practice nurse): And I think perhaps the fact the partners invited you [researcher] in to come and present about HeLP-Diabetes gave great weight to it as a programme, and because we obviously respect their judgement and they felt this was a good service and something important to promote in the practice.

ST13 (practice nurse): It’s a brilliant website that patients can access really good quality information at home, and take their time over it. Because when they come in to the doctors, sometimes we give information really rapidly and we’re always under time pressure. So, they can actually take their time.
Collective action
Some practices were able to incorporate the work of implementing HeLP-Diabetes, including setting up systems for registering patients and introducing them to the programme. In these practices, HCPs reported that HeLP-Diabetes had the potential to improve the quality of consultations and save HCP time, by reducing the number of consultations and making them more efficient. These practices found that HCAs were the appropriate professional group to register patients and facilitate access, as this task fitted well with their skill set and professional role. HCAs were often younger, IT-literate, and keen to help patients, but aware of their lack of clinical knowledge. Hence they liked being able to answer patient questions by turning to HeLP-Diabetes and searching for the answer together with the patient. It was not a suitable task for practice nurses, many of whom were not comfortable with IT, and who felt their skills should be used on clinical tasks.

ST1 (GP partner): Actually, I would argue it shouldn’t be done by the nurse because, you know, it’s quite a low-key IT thing...I would rather our practice nurses spend their time, you know, doing the clinical work.

ST11 (GP partner): And the barrier was this notion that we’d got to get the receptionist trained to fill in a form and to go online. That all sounded like a bit of a nightmare.

ST8 (receptionist/admin): I would register patients as they, as they came… It would be 10 minutes out of my day here and there… It wouldn’t be a massive, massive burden, no.
Reflexive monitoring
In practices which managed to develop systems for registering patients on HeLP-Diabetes, staff found that the work was not onerous and was justified by the benefits. In practices which lacked the capacity to incorporate this additional work, relatively few patients were registered, which led to reduced enthusiasm for the programme and even less appetite to take on the work.

ST5 (health care assistant): I have asked some of them to get back in touch and let me know how they find it… because it would be interesting to know, and then I could say to other patients, well, actually patients have found this really helpful, you know.
Patient interview data
Interviews were undertaken with 15 patients between April 2014 and February 2015. Of these 15, 11 were male, nine were White British, five had no or only school-leaver qualifications, three had A-levels or similar and seven had been educated to degree level or higher. Four described their computer skills as basic and a further five as intermediate. The duration of time since their diagnosis of diabetes ranged from less than a year to 10–20 years. Treatment modalities included lifestyle only (n = 5) and lifestyle and tablets (n = 10). No interviewees were treated with insulin or other injectables (Table 42).

[bookmark: _Toc355447340]Table 42: Characteristics of patient interviewees
	Variable
	Response options
	Sample (n = 15)

	Age
	Range
	43–76

	
	Mean (SD)
	59.3 (8.6)

	Gender
	Male
	11

	
	Female
	4 

	Ethnic Group
	White (English/Welsh/Scottish/
Northern Irish/British)
	9

	
	White (other)
	2 

	
	Black or Black British (African)
	1 

	
	Black or Black British (Caribbean)
	1 

	
	Mixed (other)
	1 

	
	Other ethnic group
	1 

	Highest educational attainment
	None
	3 

	
	School leaver (e.g. CSE, GCSE, O-Level, NVQ1–2)
	2 

	
	A-level or vocational equivalent 
(e.g. NVQ 3)
	3 

	
	Degree or NVQ 4, HND or similar
	5 

	
	Post-graduate degree or NVQ 5
	2 

	Duration of diabetes
	Less than 1 year
	3 

	
	1–5 years
	6 

	
	5–10 years
	3 

	
	10–20 years
	3 

	How diabetes managed?
	Lifestyle only (diet and physical activity)
	5 

	
	Lifestyle and tablets
	10 

	Internet access
	Home
	13 

	
	Public
	1 

	
	No response
	1 

	Computer skills
	Basic
	4 

	
	Intermediate
	6 

	
	Advanced
	5 

	Implementation model
	Patient registered by staff
	11 

	
	Patient self-registered
	4 



The main themes that emerged from the patient interview data related to:

The experience of diabetes
Perceptions of diabetes
Self-management
Self-management education and support
Diabetes information
Engagement with HeLP-Diabetes
Use of HeLP-Diabetes.

The inter-relationship between these themes is presented in Figure 23. Perceptions and use of HeLP-Diabetes were contingent on users’ overall experience and perceptions of diabetes, their views on self-management and the available support, and their perceptions of their need for information about diabetes. These themes did not map easily onto NPT, and, in our view, use of NPT as a theoretical lens to interpret these data did not enhance either the robustness or the transferability of the findings. Hence only the results of the thematic analysis are presented.

The experience of diabetes
(Duration of diabetes, medications, symptoms, side effects, complications)

Perceptions of diabetes
(Acceptance, fear, control, seriousness)
Self-management
(Engagement, self-efficacy, ease, readiness, burden, priorities, responsibility)

Diabetes Information
(Wants, needs, provision, tailoring, sources)
Self-management education and support
(Health care professionals, group based education, expectations, access, adequacy, barriers)
Engagement with HeLP-Diabetes

Use of HeLP-Diabetes

[bookmark: _Toc355446897]Figure 23: Themes identified from the analysis and the connections between them
Patients’ experiences and perceptions of diabetes
This theme influenced all other themes in the data. Many people had difficulty accepting the diagnosis, particularly if they had no symptoms, or if their diabetes was managed with lifestyle modification. Similarly, treatment with lifestyle modification or oral medication, rather than insulin, was often taken to mean that their diabetes was not “serious”. 

PT9 (male, aged 66, basic computer skills): I do not feel that I’ve got diabetes. I don’t feel, you know… I mean, I don’t take no medication. I don’t take nothing at all. I don’t test myself, because I’m not on medication.

In contrast, some people experienced symptoms, including fatigue, erectile dysfunction, poor healing and frequent urination, or complications (neuropathy, peripheral vascular disease or retinopathy). These patients tended to perceive diabetes as a serious condition, and wanted to urge others to take it seriously from the very beginning.

Self-management
Acceptance of diabetes and perceptions of its seriousness influenced participants’ reported engagement with self-management, which is in turn important for implementation of HeLP-Diabetes. A fear of disease progression and a desire to prevent future complications and worsening of health was a main priority for many participants engaged in self-management, while for others the motivation was a desire to avoid medication, or a desire to have a sense of control over their condition and disease trajectory. 

PT5 (male, 76, intermediate computer skills): Well, I really don't want to be a diabetic and I certainly don't want to reach a level where I... have to take medication.

Participants varied greatly in their engagement with self-management and, if engaged, the degree to which they had made lifestyle modifications. Factors included their readiness to engage, relative prioritisation of self-management vis-à-vis the rest of their lives, perceived responsibility for self-management, and self-efficacy. Participants who were not ready to accept that they had diabetes or that it could have serious repercussions were unlikely to want to engage in self-management.

PT11 (male, 46, advanced computer skills): I don’t deal with that sort of thing otherwise I’ll be… I mean, I’m a worrier anyway and that would just be another thing just to… I’ve kind of put my head in the sand about the long term.

For many, the demands of their lives, including work and family or caring responsibilities, made self-management difficult. Although most participants perceived self-management as their responsibility, some suggested they would prefer more support from professionals. Some found the burden of changing their diets, activity levels or other lifestyle modifications too great, while others found them relatively straightforward.
Self-management education and support
For most participants, the main source of HCP input came through primary care services, specifically appointments with GPs and nurses in their surgeries. The GP practice also provided access to hospital services for specific diabetes-related tests and checks, appointments with dieticians and group-based DSME. 

There were strong opposing feelings about the care and support participants were getting from their GP surgeries. Some felt their care was excellent, whereas others were dissatisfied, wanting more input, better access, more continuity of care, and more practical support. 

Interviewer: How would you describe the care that you receive from the NHS?
PT6 (male, 58, intermediate computer skills): From my doctor it is absolutely top notch excellent.

Participants tended to distinguish between tasks that they perceived as the responsibility of HCPs and tasks they thought of as their own responsibility. In general, HCPs were perceived as responsible for providing information, prescribing, adjusting and monitoring medication, and performing medical tests and checks, while patients’ responsibilities included being informed, following advice, attending appointments and making changes to diet and exercise. 

Not all participants reported having been offered access to group-based structured education, particularly those who had been diagnosed for some years. Those offered access reported several barriers to attending, including the fact that they were held during working hours, making it difficult for those in work to attend. Others felt too busy to attend a course that lasted several hours.

PT13 (male, 52, intermediate computer skills): I couldn’t attend [group based education] because I had to go to work at the time there, so I couldn’t do it.

Among those that did attend, perceptions of the value of the course varied widely. Group-based education was particularly suited to those who reported feeling alone with their diabetes as it provided an opportunity to connect with others, helped alleviate feelings of isolation, and for some, provided motivation to engage with lifestyle modifications. However, some participants said the information provided was basic and insufficiently tailored, that the experience had not proved motivating, or that they had felt uncomfortable in the group environment. Reasons for discomfort with the group format included difficulties with hearing, difficulties with understanding rapid spoken English, and straightforward dislike of group interactions.
Information about diabetes
Many participants felt that providing information about diabetes and its treatment was a core responsibility of HCPs. For some, this implied that if their HCP did not tell them something, it could not be important, and therefore there was no need to attend a course. Others were concerned that some HCPs’ knowledge was not up to date, leading to conflicting advice and uncertainty. While some participants were keen to learn about their condition, others were reluctant, in case they learnt something that would cause them anxiety or distress. This led to a range of perceptions about the degree to which patients had unmet informational needs.

PT1 (male, 58, advanced computer skills): Well, I don’t feel that the GPs — and I’m not blaming… my doctor is a very good doctor, but he’s just not up on diabetes. … And I just feel that they’re not really in touch.

Interviewer: You say you haven’t really engaged with any information on diabetes because of the way you’re feeling about it?
PT12 (female, 52, basic computer skills): I would say the bottom line is that … there is a kind of fear of confronting it which is sort of holding me back a bit.

Engagement with HeLP-Diabetes
A range of factors influenced participants’ uptake and use of HeLP-Diabetes, including acceptance of their condition, views about self-management and the burden of illness, satisfaction with their current care and education, and a perception of unmet information needs. 

Many patients had cogent reasons for not wanting to engage: those not yet ready to engage with their diabetes felt it might make them more aware of their condition, possible future complications and the importance of self-management; others already felt well informed or believed they were managing as well as they could, and saw no need for the intervention. Some already felt over-burdened by the work of living with, and managing, diabetes, and found the texts, emails and newsletters from HeLP-Diabetes an additional burden.

PT11 (male, 46, advanced computer skills): I have signed up to it but I think that would mean everything becomes a bit more real. At the moment, stabbing myself every so often and doing my long-term count… I don’t want to look at something knowing that it’s going to be bad.

PT2 (male, 63, advanced computer skills): Well, the reason I don't use it, as I explained, I feel I'm sort of self-managing it, so I'm not looking at it because I don't need advice.

Some people with T2DM, however, said they welcomed HeLP-Diabetes, finding it a convenient, discreet (“private”) and trustworthy source of information. Many reported finding it a useful resource for supplementing, checking and corroborating advice from their HCP. 

PT7 (female, 68, intermediate computer skills): [Diabetes] is a very private thing and… because you can go on to the website in the privacy of your own space and look things up.

Trust arose from the programme’s affiliations to the NHS and UCL, bodies which participants said they trusted and respected and which gave HeLP-Diabetes credibility and authority. The fact that HeLP-Diabetes was offered by their GP practice or diabetes clinic further underlined its credibility and trustworthiness. In fact this endorsement by their HCP was of central importance in participants’ decisions to register and use HeLP-Diabetes. HCP input into the registration process, and any introduction to using the programme were warmly welcomed, and clearly made a difference to perceptions of its importance and value. 

PT14 (male, 56, advanced computer skills): That was the only reason I signed up, because it was recommended, plus they had a person there to show me what it was like.

Registration and initial introduction seemed particularly important in overcoming the digital divide; participants with only basic computer skills or with English as a second language said that being shown how to use the programme greatly helped build their interest and confidence. Those who had not had this facilitation spontaneously mentioned how such input could have helped them get more out of the programme.
Use of HeLP-Diabetes
Almost all participants reported finding the programme easy to use, with straightforward navigation and an attractive appearance. The use of video was much appreciated, and participants reported finding the information clearly presented and easy to understand, even for those with English as a second language or limited literacy. 

PT13 (male, 52, Italian, intermediate computer skills): The two videos I watched about diabetes, anyway, they were very informative and very simple to understand. They weren’t very complicated at all… I mean, it presents, I think for me it's a complicated thing, in a very simple way. You know, everybody can understand, anyway, in any case.

Many participants used HeLP-Diabetes only for information, either to learn generally about diabetes and its management, or to prepare for consultations with their HCP. Some made use of the interactive components, for example to set goals for behaviour change, to monitor progress or record clinical data. 

Participants reported a range of benefits from use of HeLP-Diabetes. These included improved understanding of the nature of diabetes, better awareness of the importance of diet and exercise, improved ability to achieve desirable changes in diet and levels of physical activity, a sense of taking control of their health, and a realisation that their experiences of diabetes were widely shared. Participants also reported using HeLP-Diabetes to inform their family and friends about their condition, and thus to enrol family and friends in supporting, rather than hindering, self-management.

Interviewer: And has [HeLP-Diabetes] helped you with any specific aspects of looking after diabetes?
PT4 (female, 43, basic computer skills): I think the main one was what I should and shouldn’t eat, yes. And sometimes they show in little videos, click on it, it’s exercises and you see, you know, how it can help, yes. 

Suggestions for improvement
Most respondents had few suggestions for improving HeLP-Diabetes, finding that it met their needs; however, they did have suggestions for improving implementation. Participants felt strongly that HeLP-Diabetes should be even more integrated into routine health care. They felt that services should put more effort into registering patients and introducing them to the programme, and that people with T2DM should be encouraged to use the programme in routine diabetes appointments. They felt nurses should be trained to routinely ask about use of the programme, and provide encouragement where needed.

PT2 (male, 63, advanced computer skills): It should be part of the initial diagnosis interview. That web address should be given out and the people should be invited to look at it and to ask the relevant questions. And try and encourage them to use it, and then subsequent visits to the diabetic nurse or whatever, perhaps the nurses could be trained to say what have you looked at recently on the website? Are you using it?

[bookmark: _Toc355448213]Discussion
This mixed methods case study of the implementation of HeLP-Diabetes in one CCG generated a considerable amount of data which can inform a future national roll-out of HeLP-Diabetes in particular, and use of digital health interventions in general. The main findings were that:
HeLP-Diabetes could be implemented in general practice and, when implemented well, is perceived as beneficial to patients and HCPs;
Use of NPT in the design phase of HeLP-Diabetes helped sensitise the team to implementation issues and in turn led to an intervention which had good potential for implementation. Our use of participatory design and the definition of both HCPs and patients as users also aided implementation;
Our hypothesis appears to have been correct that integrating HeLP-Diabetes into routine health care, including providing facilitated access, would promote uptake and use by patients and help overcome the digital divide; 
The data from WP B and predictions by NPT alerted us to the likely difficulties in implementing facilitated access. This enabled us to consider ways to reduce the burden on HCPs and to offer alternative models, including self-registration by people with T2DM;
The very real resource constraints in general practice at the time of the study prohibited all but the most resilient and well-resourced practices from offering facilitation. However, people with T2DM perceived HCP recommendations and facilitation as essential and, where offered, it was associated with improved uptake and use, and appeared to help overcome the digital divide;
Therefore, we consider HCP support for use of HeLP-Diabetes essential for promoting widespread uptake and use of the programme. From this, we infer that implementation planning must include adequate resources for this facilitation. 

Many of these findings fit with the existing literature on implementation of complex interventions in general, and digital health interventions in particular, and hence are likely to transfer to the implementation of other digital health interventions into routine health care.

The drivers for use of digital health interventions in routine health care are overwhelming, as all health care systems are struggling to provide more and better care with stable or shrinking levels of resource. Thinking about implementation from the very beginning of the development process for an intervention is likely to enhance future “implementability” and should be considered good practice.204 In common with other researchers who have used NPT to sensitise developers to implementation issues,(223-228) we found that NPT identified the major issues and allowed us to address them during development, and we recommend that other researchers consider adopting this approach. The emphasis on participatory design, including both HCPs and patients, helped ensure an intervention which was highly acceptable to users, and this should also be considered good practice in future developments. 

The findings that patient perceptions of the value of the intervention were heavily influenced by recommendations from their HCP, and that HCP facilitation promoted uptake and use, are also likely to apply to other digital health interventions.229 However, this has implications for costs. 

Finally, as recognised elsewhere,214, 230 the importance of context in implementation cannot be overstated. 

Methodologically, this study had many strengths. The use of a case study design with both quantitative and qualitative data collection allowed us not only to describe what happened, but also to consider why it happened. Our flexible, iterative approach enabled us to abandon strategies that were clearly ineffective or unworkable, and rapidly develop and deploy alternatives. This in turn allowed for a number of “natural experiments”, most obviously in terms of comparing the staff registration and patient self-registration models. 

Working closely with the CCG was beneficial overall, although it had the immediate effect of causing us to lose control of the implementation process. The use of NPT as a theoretical lens to present the HCP data meant that this data can be compared with other studies using the same lens, and helped test the utility of NPT as a theory to guide implementation. 

However, inevitably, there are a number of weaknesses to the study. Some were beyond our control, such as the impact of NHS reorganisation and the associated workload crisis in general practice. Others could have been pre-empted – for example, we should have budgeted more resources for this implementation study. In retrospect, employing two RAs – one to undertake the work of implementation, and one to undertake the research – would have helped considerably with the barrier of providing facilitated access to HeLP-Diabetes. 

Although a moderate number of people with T2DM registered to use HeLP-Diabetes, only a tiny number were prepared to participate in the evaluation. Hence, for most users, we had access only to anonymised data and were unable to access their EMR. This prevented us from being able to explore the effects of HeLP-Diabetes on individual users. 

[bookmark: _Toc355448214]Conclusions
HeLP-Diabetes can be successfully implemented in primary care, but successful implementation requires additional resources to enable facilitated access. Providing facilitated access improves uptake and use by patients, and appears to help overcome the digital divide. Undertaking an implementation study in parallel with an RCT provided additional data which is required for subsequent widespread implementation of this intervention, and is a research model which we commend to other researchers. 

[bookmark: _Toc355448215]Chapter 10: Discussion
This chapter summarises the overall findings of the programme of work, considers the strengths and limitations of the work done, lessons learnt, and the implications for practice, policy and research.

[bookmark: _Toc355448216]Main results
The overall aim of this programme grant was to develop, evaluate and implement a web-based self-management programme for people with T2DM. This aim was achieved. Within this aim, there were a number of specific objectives, which were also largely achieved.

People with T2DM and the HCPs who work with them clearly articulated features that they considered essential or desirable components of a self-management programme. Initially we combined user requirements with our theoretical framework and evidence from existing literature. From this we used participatory design to develop a programme that took a holistic approach to self-management, addressing patients’ needs in the areas of medical, emotional and role management. We called the programme Healthy Living for People with type 2 Diabetes, shortened to HeLP-Diabetes. Subsequently HeLP-Diabetes was iteratively user-tested for acceptability and functionality before being evaluated for effectiveness and cost-effectiveness.

The effectiveness and cost-effectiveness were determined in an individually randomised controlled trial in primary care. The trial had two co-primary outcomes: diabetes control, measured by the HbA1c; and diabetes-related distress, measured by the PAID. At 12 months the primary analysis showed a significant difference in change in HbA1c between the randomised groups, with participants in the HeLP-Diabetes group having a lower HbA1c than those in the control group (mean difference = –0.24%; 95% CIs –0.44 to –0.049, p = 0.014). This difference, though smaller than the 0.25% specified in the original sample size calculation, is clinically meaningful, particularly for a non-pharmacological intervention. Each 1 per cent reduction in HbA1c is associated with a risk reduction of 21 per cent for deaths related to diabetes and a 37 per cent risk reduction for microvascular complications.167 Given that this web-based intervention could be delivered at low-cost and at scale across the UK, the potential for population benefit is considerable. There was no difference in PAID scores between the groups at 12 months (mean difference –1.5; 95% CI –3.9, 0.9, p = 0.21), although pre-specified subgroup analysis suggested that the intervention may be effective in reducing distress in people who had been diagnosed more recently (p = 0.004). Both the primary and the complete case analysis showed HeLP-Diabetes to be dominant over the control, i.e. it was both more effective and less costly, following standard NICE procedures for measuring cost-effectiveness per QALY. 

The implementation study, conducted in parallel with the trial, identified factors that promoted or inhibited uptake of HeLP-Diabetes into routine care. Promoting factors included a widespread perception that HeLP-Diabetes met unmet an need (ongoing self-management support for people with T2DM), would be more convenient and acceptable for many patients than the standard model of group-based education, and appreciation of the holistic, theoretically-informed and evidence-based nature of the intervention. However, primary care was going through a period of unprecedented turmoil,76 and many practices simply did not have capacity to support a new service. Moreover, as predicted by our data from WP B (see Chapter 5) many HCPs did not see the value in facilitating access by patients to the intervention, and did not think it was an appropriate use of scarce resources in general practice. Facilitation involved a 5–10 minute appointment, with an HCA or receptionist registering patients on HeLP-Diabetes and providing a brief introduction to the programme. Some practices opted not to provide this facilitation and simply gave patients an individual code which enabled the patient to register themselves on HeLP-Diabetes. In sharp contrast, our data suggest that this facilitation was an important factor in overcoming the digital divide. Users who were registered by their HCP reflected the population of people with T2DM in the area, with over half describing themselves as having an ethnicity other than White British, a third having no formal education after minimum school-leaving age, and a third describing their computer skills as “basic”. Those who registered themselves were more highly educated and had more advanced computer skills. 

The long-term nature of the funding for this programme grant allowed us to undertake a number of studies additional to those detailed in the original application. These were often undertaken as part of our capacity-building activity, which included three PhDs, one Doctorate in Clinical Psychology, and several projects for academic GP trainees. These were outlined in Chapter 3 and are also outlined here:

1. Development and formative evaluation of a cardiovascular risk calculator for people with T2DM. This study demonstrated that users had complex reactions to personalised risk estimates that were unlikely to promote changes in behaviour that might lead to reduction in risk.231 
A small, single-arm, mixed-methods study examining the impact of HeLP-Diabetes on psychological wellbeing in people with T2DM. In this study, users demonstrated a significant reduction in diabetes-related distress, measured by the PAID, over 6 weeks’ use. (Mean (SD) scores at baseline were 26.32 (20.88) and at 6 weeks 20.94 (16.53); p = 0.04).168
A systematic review of technological prompts to improve engagement with digital health interventions, which demonstrated that such prompts (e.g. emails) could have a small beneficial effect.232
An update of a systematic review of reviews on implementation of eHealth interventions, which emphasised the importance of context for any given implementation.233, 234 
Development and formative evaluation of a structured education programme for newly diagnosed patients with T2DM: HeLP-Diabetes Starting Out. 
Initial work toward development of a digital T2DM prevention programme (HeLP Stop Diabetes). 

There were, however, some objectives that were not achieved. One of our research objectives for the implementation study (WP E) had been to “Determine the uptake, use and effects of the intervention in an unselected population in routine care”. Although we were able to determine the uptake and use of the intervention, we were not able to determine its effects in an unselected population in routine care. Our design for this study deliberately separated the offer of the intervention from the research evaluating its implementation, and too few patients consented to participate in the research. Thus we had access only to the routinely available data on uptake and use, and were unable to explore impact. 

We were also unable to integrate the EMR with the intervention. This was not an explicit research objective, but had been an element of our funding application and was considered possibly important in contributing to use and uptake as it would help integrate the intervention into the diabetes care provided by HCPs. These areas are discussed further under limitations. 

[bookmark: _Toc355448217]Strengths and limitations
Methodological strengths and limitations of each individual study have been discussed in previous chapters. Here we focus on the strengths and limitations of the overall programme of work.
[bookmark: _Toc355448218]Strengths
[bookmark: _Toc355448219]Theoretical underpinning
Strengths include the strong emphasis on theory. The Corbin and Strauss model provided an overall framework for the content of the intervention, and the applicability of this model to the work of living with T2DM was confirmed by our early qualitative work. NPT helped us consider issues to do with implementation from the very beginning of the programme of work, and in our opinion contributed considerably to the ultimate “implementability” of the intervention.

[bookmark: _Toc355448220]Patient and public involvement/participatory design
A key strength was our very strong PPI, which substantially impacted on the design, conduct and reporting of the whole programme of work. This involvement was reflected in having two named PPI co-investigators on the original application, ensuring PPI input into each study through individual WP steering groups and the very substantive PPI input into the development of the intervention. PPI input significantly changed the research design (e.g. ensuring two co-primary outcomes for the trial that reflected patient as well as HCP priorities), as well as the intervention design (e.g. the inclusion of exercise videos). It was PPI input that led us to attempt peer-led registration and training for patients in the implementation study (WP E). There was ongoing PPI input into the engagement emails and newsletters sent to users, as well as the various updates and revisions we made to HeLP-Diabetes. PPI has also influenced our programme of dissemination and implementation, encouraging the development of a CIC and supporting our work with individual CCGs. Their passionate conviction that what we were doing was worthwhile and would bring benefit to people with T2DM helped us stay motivated and on track throughout the programme of work. 


[bookmark: _Toc355448221]Pragmatic versus explanatory trial
The trial was designed to be pragmatic. The eligibility criteria were deliberately kept broad, to reflect the population of people with T2DM registered in general practice; the setting was the same as the anticipated setting for routine use (English general practice); the primary outcomes selected were of interest to the participants; and the analysis involved all randomised participants following the intention-to-treat principle. However, inevitably, some features verged toward the explanatory end of the continuum: recruitment involved personalised letters to eligible participants; general practices involved in research differ from those that are not; additional resource was made available both for intervention delivery and follow-up; and there was considerably less flexibility in the delivery of the intervention in the trial than in the implementation study.235 Moreover, despite the broad eligibility criteria, the population of patients who participated did not reflect the overall target population, with a preponderance of White British men of retirement age, with considerable experience of computers, a marked absence of diabetes-related distress and good glycaemic control. 

Hence despite the intended pragmatic design, the trial could in many ways be considered explanatory. When writing our original grant application, we considered undertaking a cluster randomised trial, as cluster randomisation can enable a more pragmatic design, but decided against this, as the risk of bias (due to GPs knowing which intervention their patients would get and selecting “suitable” patients) appeared greater than the risk of bias due to contamination in an individually randomised trial.

[bookmark: _Toc355448222]Undertaking an implementation study in parallel with the trial
The decision to undertake an implementation study in parallel with the trial was controversial. A more traditional approach would have been to undertake a process evaluation of the trial, but this would have addressed different questions, such as the reasons for the low participation rate (c. 5%), or patient and nurse experiences of the initial training session on HeLP-Diabetes where patients were introduced to the programme and shown how to use it. By running an implementation study in parallel, we were able to demonstrate that the low participation rates seen in the trial were at least partly a function of the research, rather than the intervention per se. Participation rates in the implementation study (if participation is defined as formally consenting to participate in research) were still only 17.5% (36 out of 205 patients registered), even though the respondent burden was minimal. Moreover, the implementation study demonstrated that even minimal HCP facilitation appeared to have a significant impact on the population of patients registering to use HeLP-Diabetes and helped overcome the digital divide. It would not have been possible to generate this finding from a process evaluation of the trial. Similarly, by exploring the reasons underlying the low overall uptake of HeLP-Diabetes in the implementation study, we were able to add to the overall literature explaining low uptake of structured education for T2DM (the 2014–15 National Diabetes Audit reports uptake rates of 5.6%).23 

Early assumptions that the delivery mode was the major barrier have not been borne out, and our qualitative data support findings by Winkley et al,172, 236 showing that patients do not engage for a variety of reasons, including not being ready to come to terms with the diagnosis of diabetes, being concerned that they will learn things they would rather not know (such as the risk of complications), having more urgent priorities in their lives, feeling that their HCP will tell them anything they need to know, and feeling that they already self-manage as well as they can.

Additional findings from the implementation study which could not have been determined by a process evaluation include the experience that the offer of a trained patient champion to assist practices with engaging patients in use of HeLP-Diabetes was not taken up by practices, and the overt hostility generated by the potential for linkage with the EMR (discussed in more detail below).

Finally, the implementation study was essential for informing our model for national roll-out of HeLP-Diabetes, including the business plan for the CIC, and the advice we offer to CCGs interested in commissioning HeLP-Diabetes for their population. 

For all these reasons, we remain convinced that running the trial and implementation study in parallel was a good decision. Given that a core goal of NIHR research funding is for the research to have an impact on patient care, we would recommend that the NIHR consider encouraging such parallel studies in future. 

[bookmark: _Toc355448223]Emphasis on implementation and sustainability
A key feature of this programme of research has been the emphasis on achieving long-term implementation and sustainability. This emphasis started during the preparation for writing the original grant application, and was reflected in our use of NPT to guide development of the intervention, as well as in conducting an implementation study in parallel with the trial. It was also reflected in our choice of collaborators (initially NHS Direct, then, after that closed, NHS Choices). Throughout the 5 years we were considering how HeLP-Diabetes could be disseminated and implemented across the NHS after the research ended. When it became clear that NHS Choices would not want to take over long-term hosting and maintenance of HeLP-Diabetes, we invested considerable time in meeting a large number of commercial companies to try to find a suitable partner to take on this role. When that search was unsuccessful, we established a not-for-profit CIC, HeLPDigital. A CIC is a form of social enterprise, whose aim is to benefit a specific community — in this case, the aim of HeLPDigital is to disseminate and implement digital health interventions like HeLP-Diabetes across the NHS. 

To date the CIC has signed contracts with four CCGs, and we are exploring the possibility of NHS England or Public Health England either commissioning HeLP-Diabetes nationally, or taking over responsibility for the programme. 

[bookmark: _Toc355448224]Limitations
[bookmark: _Toc355448225]Lack of linkage between HeLP-Diabetes and the GP electronic medical record
In our original application we argued that the total intervention would consist of the online self-management programme (HeLP-Diabetes) and interactions between patients and their HCP, which would include discussions around patient self-management plans and progress. We anticipated that linkage with the EMR would promote both patient and HCP engagement with the programme, as patients would find it a convenient way to access information about their medications and test results, and HCPs would find it a quick and efficient way to address progress and problems around the patient’s diabetes. Such discussions would create a virtuous cycle, which encouraged patients to use HeLP-Diabetes and thus become more engaged in self-management. 

Unfortunately, we were unable to integrate the GP EMR with HeLP-Diabetes, despite investing a great deal of time and effort into this. One of our co-investigators on the grant was Dr Brian Fisher, director of PAERS, which we had planned to use to achieve access. PAERS had a functioning link to the EMIS EMR and an agreement that this link would be updated as EMIS undertook updates to its systems and software. However, when updates to the EMR subsequently brought down the link, EMIS did not consider the necessary software design improvements to be a priority and the work did not happen. PAERS, which had updated its side of the link, held a number of meetings with EMIS and was led to believe that the work would be done. Therefore our software developers, SoftForge, worked with PAERS to ensure that HeLP-Diabetes was compatible with the PAERS system, and in a sandpit environment everything worked that could be tested. 

Once it became apparent that the delays with EMIS were likely to continue, we explored alternatives, including the Medical Interoperability Gateway (MIG), provided by Healthcare Gateway who had been charged by the Department of Health with arranging and allowing shared access to GP EMRs. However, the MIG business model was aimed at CCGs and similar large organisations, and its costing structure was based on whole CCGs. As we needed access to individual patient records across different CCGs this was neither appropriate nor affordable. (Costs quoted to us, including a discount for academic use, were of the order of £50,000 start-up fees followed by £100,000 per annum.) 

For these reasons the final version of HeLP-Diabetes used in the trial and implementation study did not include the potential to provide patient access to their GP EMR. 

Although these were technical issues, there were also a number of governance and cultural barriers to an EMR link. HCPs in our preliminary study (WP B) were very reluctant to endorse such access, despite government policy which clearly supported patient access to the EMR. The negotiated agreement, which we considered met patient demand while respecting HCP concerns, was to limit access to the summary list of problems, current medications and values (investigations, BP, weight) once signed off by the practice. Patients would not have been able to see individual consultation data, and would not have been able to upload self-monitoring data into the record. For the implementation study, we negotiated with the CCG that each practice would have the option of switching this access on (if it became available), and only for selected patients. Even this proved unacceptable to certain GPs who threatened to use the local medical committee to prevent the entire implementation of HeLP-Diabetes. In light of this hostility, and given that the technical barriers had yet to be overcome, we made no further efforts to achieve this linkage.

It is difficult to know whether and how this affected HCP and patient engagement with the intervention. As and when patient access to the EMR becomes more acceptable to GPs, and technically easier, it would be useful to revisit this question. 

[bookmark: _Toc355448226]Lack of data on impact of HeLP-Diabetes in routine care
Our second challenge was with obtaining data to assess the impact on patients of using HeLP-Diabetes in routine care. We considered that the population of patients who participate in trials often differs significantly from those who do not participate (as proved to be the case in our trial), and we also recognised that the resources available in trials to ensure fidelity of intervention are not always available in routine care. These two factors mean results from a trial might not generalise to routine use. 

However, we were unable to  gather data from patients in routine care as insufficient numbers agreed to participate in the implementation research (36 of the 205 registered; 17.5%). Thus we had access only to demographic and other routinely available data, and not to clinical characteristics or self-reported outcomes. A learning point for other implementation studies is to use routinely available data for outcomes (rather than research data requiring individual consent). Further work exploring the impact of HeLP-Diabetes in routine care is clearly needed. 

[bookmark: _Toc355448227]Lessons learnt
A great deal of learning emerged during this programme of work, much of which does not fit easily in the traditional academic modes of dissemination such as papers and conference presentations. This non-traditional learning is described here.

[bookmark: _Toc355448228]1. Developing an effective digital health intervention is a complex process which takes time, resources, and an appropriate multi-disciplinary team
This may seem an obvious statement, and indeed, when we wrote the grant, we thought we had allowed a considerable amount of time (2 years) and resources (1.75 FTE RAs, 0.6 project manager, 0.6 clinical research fellow and 0.3 chief investigator, with additional input from co-investigators and funds for commercial collaborators), and had put together an appropriately multi-disciplinary team (clinicians, patients, health psychologists, sociologists, health service managers and health service researchers). 

However, in retrospect, we would have done better to include an additional year for piloting and refining not only the digital self-management programme (HeLP-Diabetes), but also the surrounding delivery package (facilitated access). Had we done this, we would have been able to trial a sustainable intervention and delivery package that we had shown was feasible and acceptable in general practice. Other researchers in the field of digital health interventions have had similar insights, and this learning has been extensively shared, including in an international workshop on digital health interventions funded by the MRC from the UK, and the National Institute of Health and Robert Wood Johnson Foundation from the US. This workshop resulted in a panel of publications.(175, 237-240)

Although our team was very multi-disciplinary, with many investigators and collaborators with considerable experience of undertaking research into digital health interventions, it did not have a computer scientist or HCI specialist. This had been a deliberate decision, as at the time of writing the grant we considered the health service research component to be extremely innovative, but we wanted the technology to be tried and tested and so thought the project would not interest computer scientists who wanted to develop new knowledge in their field. This was the foundation for our decision to tender for commercial software and web-design companies; we also considered that commercial discipline would contribute to delivering on time and in budget. In retrospect, a computer scientist and an HCI specialist on the team would have helped in managing the technical side of the project and the interface with the academic work. 

Problems that this might have alleviated included difficulties in communicating with software designers, and understanding when we were requesting something straightforward and something that required a great deal of programming or a new approach. It took us a long time to learn the relevant language, and to express our health-related ideas in a form that made sense to the software engineers, despite them being familiar with working with academics and attempting to meet us halfway. Their commitment to the programme and their enjoyment of a challenge meant that, early on, they did not always explain the workload implications of particular request; alternatively, it would not be clear even to them whether some requested functionality would require one or 10 days to programme. 

In the end, one member of our team with a natural bent toward IT took on the role of “translating” and became the sole communicator with the software team, and we learned to guillotine the amount of time the engineers could spend on any one request, to keep to required timelines.

We had also thought that by using open source software we would minimise the risk of becoming entirely reliant on one company. In reality, HeLP-Diabetes was such a large and complex programme that only those involved in its development could easily maintain it. 

In light of our experience, we would suggest that similar research programmes include computer science and/or HCI expertise on the team, and specifically allow time for piloting the digital health intervention in routine practice to ensure that the surrounding delivery package is feasible and acceptable.

[bookmark: _Toc355448229]2. Working with the commercial sector requires careful planning
Before starting this programme of research we had considerable experience of working with the commercial sector, and had developed in-house guidelines for tendering for software and web design work. This experience was vital in managing the complex process of tendering. We would advise those planning similar work to:

Ensure the research team includes an excellent project manager;
Work closely with host university support services (contracts, procurement, business advisors), to ensure the tender is compliant with UK and EU legislation; 
Think through the specifications in the tender in great detail;
Allow for contingency; 
Ensure clear communication channels.


[bookmark: _Toc355448230]3. Digital health interventions require ongoing maintenance
Our original grant application was carefully costed, and did indeed cover the costs of the development process. What we had not considered sufficiently were the costs of ongoing maintenance, in terms of revising content, improving navigation and design, and the need for regular software updates to keep up with the broader technological environment, such as browser updates or new releases of the programmes used in our intervention. We advise future researchers to budget for these maintenance costs for the duration of the research, not just for the development period.

[bookmark: _Toc355448231]4. Implementation of digital health interventions needs careful planning
Our emphasis on long-term implementation and dissemination has been successful to the extent that we have set up a CIC, which is currently contracted with four CCGs to provide HeLP-Diabetes to their populations. However, the work of marketing and contracting with individual CCGs across England is considerable, and in a commercial (albeit not-for-profit) model this work has to be paid for through sales of the product. This puts up the cost of HeLP-Diabetes, and it is doubtful whether it is a good use of resources in the current financial climate. Central commissioning by either NHS England or Public Health England would be more appropriate for effective digital health interventions, where the cost per additional user tends to zero with increasing numbers. 

[bookmark: _Toc355448232]5. Undertaking implementation research in parallel with effectiveness studies
Undertaking implementation research in parallel with effectiveness evaluations has advantages in reducing the overall time taken to generate the data needed to inform policy. Moreover the use of different research designs in parallel allows for added value in terms of total data generated. 

[bookmark: _Toc355448233]Implications for research and policy
[bookmark: _Toc355448234]Implications for future research
In our view, our findings highlight a number of areas which need further research:

1. Further exploration of the reasons why people with T2DM choose not to engage with self-management support; and how they can be encouraged to perceive its value.
In parallel, more work on how to support HCPs in promoting patient engagement with HeLP-Diabetes or similar programmes. This could include further clarification of underlying reasons for HCPs not valuing this work and not seeing it as part of their role, as well as identifying factors that would help them see its value and incorporate it into routine practice. 
As part of this, further work on linking HeLP-Diabetes with the GP EMR would be useful, exploring how to make this acceptable to GPs, useful to patients, and whether such linkage does improve uptake of and engagement with the intervention.
Given the importance of overcoming the digital divide, further work on how this can be aided by HCP input would be useful. 
Although the trial demonstrated the intervention’s efficacy, we lack data confirming its effectiveness in routine use; this is clearly an area where further research is needed. 

[bookmark: _Toc355448235]Implications for practice and policy
1. Our findings suggest that widespread deployment of HeLP-Diabetes across the NHS could benefit patients, with a very high probability of being cost-effective at standard willingness-to-pay thresholds.
1. Widespread implementation would be best undertaken centrally, as this would improve the overall cost-effectiveness. The alternative model of implementation by individual CCGs increases costs particularly in marketing and the costs of agreeing and maintaining contracts.
1. Digital health interventions may have a role in enabling the NHS to deliver more and better care for less resource, but only if there is significant investment in developing acceptable, effective and implementable interventions. 
1. Along with this investment in developing and evaluating digital health interventions, there is a need to consider how best to commission, implement and maintain such interventions in a cost-effective manner.

[bookmark: _Toc355448236]
Conclusion
This programme of research has successfully developed, evaluated and implemented a web-based self-management programme for people with T2DM, called HeLP-Diabetes. The evidence from the trial suggests that HeLP-Diabetes enables patients to improve their diabetes control (as measured by the HbA1c) and reduce their use of health services, leading to an intervention which improves outcomes while reducing costs. Results of a parallel implementation study demonstrate that HeLP-Diabetes can be implemented into routine care and that, if HCPs support the implementation and actively recommend the programme to their patients, it can be used by patients from a wide demographic, effectively crossing the digital divide. 

These findings suggest that HeLP-Diabetes could form a useful addition to the current menu of education provision for people with diabetes, which is largely focused on group-based education. 

Low uptake of HeLP-Diabetes appears to be related to many people with T2DM not perceiving a need for self-management support. The reasons for this are multi-factorial, with some patients not being ready, or being frightened, to engage with their illness, others feeling they already self-manage as well as they can, and still others thinking that their HCP would tell them anything they really needed to know. This and the role of HCPs in overcoming the digital divide demonstrated in the study suggest that future dissemination and implementation strategies will need to emphasise the importance of HCP involvement, and help HCPs appreciate their impact. 
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Appendix 1: Description of HeLP-Diabetes. 
Content
The overall content was broken down into 8 sections developed to improve medical, emotional and role management. The key features in each section are described and shown below. 
1. Understanding diabetes
This section focused on improving people’s medical management by increasing their knowledge about diabetes, targeting beliefs about diabetes and encouraging behaviour change. Information was provided to answer a number of common questions about diabetes (e.g. the nature and causes of diabetes, see Figure 24). 
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Figure 24: Understanding diabetes - An example of the information provided on what causes type 2 diabetes

Information was provided on how diabetes affects the body including: emotional problems; eyes; feet; heart and blood vessels; hyperglycaemia; hypoglycaemia; infections; kidneys, nervous system; and sexual problems. For each area this included an overview, advice on actions that could be taken to prevent complications occurring, checks and tests to expect, associated complications and treatments, and links to external organisations (e.g. Society of Chiropodists and Podiatrists; NHS SmokeFree). An example for eyes is show in Figure 25 below.      
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Figure 25: Understanding diabetes - An example of the information provided on how diabetes can affect the eyes including an overview, prevention, checks and tests, complications, treatment and links. 

There were also a number of structured quick guides that were developed to summarise the most important content across the sections in the intervention on a number of topics. These included: About type 2 diabetes; Understanding medicines; Eating with type 2 diabetes; African and Caribbean diets; Quitting smoking; and Alcohol. Each quick guide included the same quiz at the beginning and end to assess any changes in people’s knowledge and to provide feedback. In-between, individuals worked through a number of steps that presented them with written information about the topic and strategies to make behavioural changes (e.g. making plans, setting goals) as well as information in video format.  Each guide was designed to take approximately 15 minutes to complete. An example for About type 2 diabetes is shown in Figure 26. 
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Figure 26: Understanding diabetes - An example of a quick guide for people to learn 'About type 2 diabetes’. The steps to work through include a quiz to assess knowledge and to give feedback, information about diabetes in written and video format including changes people could make to take care of their diabetes. 

2. Staying healthy
This section contained motivational information about how to maintain optimal physical and emotional health and the importance of lifestyle factors and self-management (see Figures 27 & 28). 
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Figure 27: Staying healthy – An example of information provided on why lifestyle factors are important to self-management 
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Figure 28: Staying healthy - An example of information provided on ideas of changes that could improve users diabetes control. 

The main focus was on helping people improve their medical management by providing them with behaviour change techniques or previously validated behaviour change interventions that had been shown to be effective. The behaviours targeted were eating and drinking, levels of physical activity, alcohol consumption, smoking and taking medicines as well as weight management. Each behaviour change module consisted of the following headings: Understand; Decide; Plan; Staying Motivated.  The section titled “Understand” provided people with information on the physical and emotional benefits of changing behaviour and ideas on how a change might be made (see Figure 29). Written instructions of how to perform each behaviour or videos showing people performing the behaviour were also provided (see Figure 30). In the “Decide” section people could complete self-assessment quizzes (see Figure 31) and receive feedback on whether their current behaviour could be improved in any way. The feedback directed users via links to relevant information in the intervention (see Figure 32). 
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Figure 29: Staying healthy: Understanding behaviour - An example of the information provided about the physical and emotional benefits of performing a behaviour (e.g. taking medicines). 
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Figure 30: Staying healthy: Understanding behaviour - An example of the videos providing instructions and demonstrations of how to perform a behaviour (e.g. physical activity exercises for beginners)
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Figure 31: Staying healthy: Making a decision – An example of a self-assessment quiz for taking medicines. 
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Figure 32: Staying healthy: Making a decision – An example of feedback for a user who is finding it difficult to take their medicines (at the top) and for someone who is on the whole taking them as prescribed (bottom). 


The “Plan” section encouraged users to commit to set a behavioural goal if the feedback from the self-assessment quiz suggested a change might be beneficial in managing their diabetes. They could either choose from a list of popular goals or add their own. To keep users motivated to change they were asked to think about their reasons for changing and to reflect on whether the goal was really important to them (Figure 33). After choosing a goal users were asked to make an action plan on how they were going to achieve the goal. Users could choose prepopulated plans or they were given information on how to create their own. They were asked to commit to a date to start the plan (Figure 34). Finally users were asked to review their goal and plan and to think about possible barriers to achieving them and potential solutions to these barriers (Figure 35). 

[image: ]  
Figure 33: Staying healthy: Plan a change – An example of setting a behavioural goal and reasons for change for taking medicines.
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Figure 34: Staying healthy: Plan a change – An example of making an action plan and start date for taking medicines.
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Figure 35: Staying healthy: Plan a change – An example of reviewing goals and plans and problem solving for taking medicines. 


In the “Staying Motivated” section to help people keep to the goals and plans that had been set users were encouraged to reward themselves when successful, to remember the reasons they decided to make a change in the first place, to tell someone about their goal in order to receive support, to monitor their progress using the health tracker feature of the intervention and to aim to make one change at a time (Figure 36). Users were also encouraged to review their goals and plans rating how successful they were at achieving them (Figure 37). The intervention provided motivating messages based on the rating chosen (Figure 38). 
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Figure 36: Staying healthy: Keeping on track – An example of the techniques provided to keep motivated with the goals and plans set for taking medicines.  
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Figure 37: Staying healthy: Keeping on track – An example of the tool provided for users to review their process with the goals and plans set. 
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Figure 38: Staying healthy: Keeping on track – An example of the motivational feedback given to users based on their progress ratings for their goals and plans. 

This section also provided users with information about how to work with their diabetes team (Figure 39). 
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Figure 39: Staying healthy – Information on how to interact with people involved in diabetes care.



Treating diabetes
This section provided users with information about how diabetes and its related complications are treated. This included detailed information about a wide range of   medicines (including why and how to take it, possible side effects and iteractions with alcohol and information about indications) for blood pressure, cholestetol, glucose control, neuropathy, sexual problems and weight loss. An example for Metformin is shown in Figure 40. 
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Figure 40: Treating diabetes – An example of the information provided for diabetes related medines using the example of Metformin. 


Information was provided about the importance of managing cardiovascular risk factors as well as glycaemic levels and the types of monitoring and tests to expect (blood glucose, HbA1c, blood pressure, cholesterol, kidney fuction, weight) and what the results mean (Figure 41). Information was also provided on potential surgical procedures (e.g. bariatric & vascular), complementary medicine and vaccinations and immunisations. In addition information about the types and roles of different health care professionals involved in caring for people with diabetes and what to expect from the yearly check was provided (Figure 42). 
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Figure 41: Treating diabetes – An example of the information provided on the type of test to expect and what the values of the results mean 
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Figure 42: Treating diabetes – An example of the information provided on health care professionals and what to expect from the early checkup

Living and working with diabetes 
The aim of this section was to focus on helping people with their role management including: managing social situations such eating in special circumstances (see Figure 43), travelling and holidays and driving; managaing work situations, such as shift work (see Figure 44); and managing relationships, including sexual relationships (see Figure 45) and and the possible impact on emotions and feelings of self-worth.
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Figure 43: Living and working with diabetes – Information provision on how to manage eating at celebrations 
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Figure 44: Living and working with diabetes – Information provision on how to manage changes at work. 
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Figure 45: Living and working with diabetes – Information provision on how to manage changes in sexual relationships

Managing my feelings 
The aim of this section was to support people to manage the emotions associated with having diabetes. Information was provided on how to cope with sadness and depression, fear and anxiety, anger and resentment, denial and guilt. There was also information on actions to take to increase feelings of confidence and happiness. In addition there were mood tools that included self-assessment quizzes for identifying low mood (see Figure 46), 8 cognitive behavioural therapy audio modules with e-books, worksheets, and planner and review sheets (see Figure 47) and mindfulness-based approaches. 
[image: ]
Figure 46: Managing my feelings – a self-assessment quiz to provide feedback about a users current mood. 



[image: ][image: ]
Figure 47: Managing my feelings – examples of the cognitive behavioural therapy audio courses and associated materials


My health record 
In this section users had the opportunity to record and keep track of important appointments with health care professionals (see Figure 48) and the results of tests used to monitor diabetes (e.g. HbA1c, blood pressure, cholesterol, kidney and liver function) with opportunity for graphical displays and feedback (see Figure 49).  
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Figure 48: My health record – An example of the tools available to record appointments with health care professionals. 
[image: ]
Figure 49: My health record – An example of how users could add their diabetes test results. These could be displayed graphically with feedback about what the tests meant. 

Users could track the results of their own self-monitoring for weight, waist circumference, calorie intake, alcohol consumption and physical activity and blood glucose levels (Figure 50) and keep a list of all their current medicines (Figure 51). Text or email reminders could be added to prompt people about their appointments, to take their medicines or to remind them about any goals or plans set in the Staying healthy section (Figure 52). All of this information could also be found or added in one place called my diabetes care plan (see Figure 53). 
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Figure 50: My health record – User could add data that might be monitored at home for example levels of physical activity 
[image: ]
Figure 51: My health record – Users could record their current medicine list with an action plan of how to take each one. 
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Figure 52: My health record – Email or text reminders could be set to prompt users about appointments or to take their medicines etc. 
[image: ]
Figure 53: My health record – Any information about appointments, test results, medicines and goals and plans set were recorded in a diabetes care plan. 



News and Research 
In this section there was information about diabetes related news articles that had appeared in the media (Figure 54), updates about the latest diabetes research (Figure 55) and information about concerns with specific medicines (Figure 56). In depth information was also provides on articles about seminal research papers.
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Figure 54: News and Research – An example of the information provided about diabetes related news articles 
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Figure 55: News and Research – Information provided about diabetes related research.
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Figure 56: News and Research – Information provided about concerns with diabetes related medicines.
Forum and Help 
The content in this section aimed at improving people’s emotional and role management. There was a moderated forum which included an ‘ask the expert’ section (see Figure 57), videos of personal stories about diabetes (used with license from health talk online – see Figure 58), useful resources, with local resources tailored according to CCG (Figure 59), and a list of frequently asked questions (Figure 60). 
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Figure 57: Forum & help – Users could interact with other users and ask health professionals question through a moderated forum. 
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Figure 58: Forum & help – Videos, audios and transcripts of people with type 2 diabetes discussing their experiences on a range of topics including the discovery of the diagnosis, controlling diabetes, possible complications and living and working with diabetes. 
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Figure 59: Forum & help – Useful resources (e.g. local groups and facilities such as free internet access) available in each CCG. 

[image: ]
Figure 60: Forum & help – Users were given the answers to some frequently asked questions about diabetes and using the intervention. 
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Appendix 3: Example of monthly newsletter sent to HeLP-Diabetes users (to be imported as PDF). 

Appendix 4: Example of fortnightly emails sent to HeLP-Diabetes users (to be imported as PDF)

Appendix 5: Patient information leaflet for HeLP-Diabetes (to be imported as PDF). 

Appendix 6: Topic guides for patient and health care professional interviews and focus groups.  (to be imported as PDF). 
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dabetes s icked up oary.

Making your medicine more effective. fyou mantan &
ety estye, you il e ess medicationto conrl your
bl glusase ané biod prassur.

Slowing down the progrossion of diabstes. Diet aciy and
weight oss can reduco your chance o developing compicatons

[ RELATED TOPICS

@ Understanding food.

@ Whathappens if1
don't control my
disbetas?

® Whatis sair-
mansgement?

@ Howmy body cante
affacted

@ Howls type 2 diabetes.
reated?

® Glucose control

of dabetas, ke srokas or et atack.
Roguiar physical actvity can help with deprassion. Reguiar
ity can mprove your mood a5 wel as keeping your hoart
heaity.

Thers i some resesren trst suggests eatng & heathy diet and coing mors physica actity oty o
Welght gives you many o te sam heaitn bensfts, even Ifyou don'tsctuslly lose any weigh.

Watch a video [T RTRTR R A TR——

=

This 3-minute video i helpyou understand the most important sspacts ofloking sfe your isbetes.
To pay this video you wil need audio and you may need the 7 Flash slugin. To watch  fullscreen,
move your ursor 1 tha bottom rght cormer of th video and cick the expand button F

So what are the main areas of

diabetes self-management?
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>
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Searn.. Looking after yourself
E— Disbetes can afect many difrent pats of
STAVING HEALTHY yourbody, but there ' 8ot you can do to
improve your symptoms and stay heathy.
@ Why s ostyle
important?

® Looking atter yourself

@ Physical actvity
@ Taking medicines.
@ Eating & drinking
@ Atconol

@ Smoking

@ Worlking with my.
disbates team

————————— Lifestyle
[§ RELATED TOPICS

@ Understanding food.

@ Whathappens if1
don't control my
diabetes?

® Whatis sair-
‘management?

@ Howmy body cante

affected

@ Howls type 2 diabetes.

trasted?
® Glucose control

What can | do to look after myself?

 Estagood o
7 s rgular sxrses in you daly rutne
7 8 anoamoter

7 Sty witn recommenced s for acone
 Mainaina good weignt

7 Cortrl your o gucose evels

7 Gonto your oot ressue

7 Take medcstons carecty

7 Koo upwit et crecks and tsts

Ahealtny sty with heaithy food and reguiar exercise wil help to
protect your Kelneys, hoartand blood vessal, lower your cholestaral
levels and bood pressars,racce the ik of fectons and can nelp mprave amatona pratiers.

Stopping smoking and notcrining toa much slcono e s important, s s the conrol o bcod glucose and
bioos pressure, and maintining & o weight.

Doing thess things il have many posilve afects on your body and well bing. I you ara abie (o fully
incorporate them o your e, you wil b loking afer yoursel very wl.

Helpful routines

Regular checks mas up  erge part of prevention 120, ané you can do some of these yoursel, sueh a8
chacking your feot dally t avod compications such a5 ulcars. s o very imporant 0 koop roguar
‘Sopeintmentsfor chack ups an tests with your disbetes toar,

16 you are prescroad mediines i can sometimes b Giffcut o keep ack of them il an fake them i e
waye you & supposed 0. Bt Qeting to the habtofKing your medicines regularly s s  strong factor

Body & mind

Tofind out how iabstes can aad fo probiems in pats ofyour body, ake @ ook at How my body can bo
ciod. For oach topi thre ara nolos on praventon, the checks and (ess nvaved, compicatons, and
restments. For example you can find out what o o ook atr your hear, o f you e expariancing g™

Many peopie contius t fes! veryflfled Iing with abetas, but wo al have good days and bad days. I is
ot uncommon fo peope o foe that naving dabeles affct ieir mood and saf estoom. Having 3 chvonic
onditon changas your fe in many ways, nc 1 nol ey essy to adust. o werk tough same of the
foalngs you may be having day o day,whather good or bad, you may fnd it et 1 use the Managing my
faeings secton of i wabste. 1t may lsa make 1 sasier fo you o spesk f athers sbaut how you are
fesling.
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_ How taking medicines can help

TAKING MEDICINES
@ How aking
medcines eanhelp

@ Shouid 1 improve now
1aks my medicines?

@ My medicin routne

@ Kesping on wack with
my mediine

@ Medicine tools

Teking your madines s an mporiant

par o ood el managament It can

e o lover your sk of caveiopng » -
long-arm compicatonsof Sabetes. =

Stcking o any routnscan be & cnstenge, sndyour o
medicne ouine s 7 excepton. Ramemberg o ake 5
Jourmedinesat ha g e, day i 3 Gay o, s

ot aasy s, You vt ona 3 ind nare. ]

Resaarch shows that:
8 40 5 f poopl wi o 2 iabots sogie o

B RELATED ToPIcS

o Madicines
o Specialoccasions

o Traveling witn
medestions

ke har medicasons 2 ey aro prscros
1 one o peopls o ot ake i aies ety nrolatn 0 oo
8 mostpoope ar o awar f e possblsida fects of e medicatns.

Roasons to have a good medicine routine

Thre ars many bonfi f o manage o et nio good habis wih kg mecicins.Here ra e
mostpoular eascns peoiahavefor geting 03 965 e

¢ ¥ concerned sbaut future hesith problems

Vour masicinas v yu an ncrassa ki o fesing vl and canrecucs cholestar, oo
presiure n bocd gusces v, They can s oy Srason. lover ot 1ok o iy
finessesand proact your vl crgans suc as e ran, ear nd ey, Takingyour medenes
il nlp Y 1o o 5 ne g o ok,

¢ 1have eait proslams now

Taking medicine otan alieres e symptoms assccaed i ype 2 dabetes.Many of your gonral
eain proclems can imrove e you st lking yur medines. You mightsar 1 fe! b, reve
moreenergy and 10 haing .t up it gt . 0 e et

¢ Vhave had savic rom s doctor

ocors know htaking your mesiines requary s ane of e best ingsyou o3 d foryour s,
Ty dso kncw na i yo nave ab6ie,you 10 much more Ikl o have G503 cose Lon and
areles hely 1 havecamplcatons, Y0 ke yourmadines ey

¢ My family o riends have said someting.

i i ersona, ut hae 1o some exampesof eascns given afar commants fom iy o ends:
myoved oo a wored bout my eai, Ty pariner ks o ks my Gabeiesunder
conrl ek my macicins’ my chiren want 3 o 5 3l o nlp ot wih ookingafer
et

Efects of medicines B

o play i ido you il need uco and you may need th [7 Flas plugin. T viw fl sreen
Mo Your st 0 o g comer o v e ik e xpand bt B

s i it expors o efc of macings on pcsle with ype 2 distes.

What effect wil the drugs

have on my condition?
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Home  Stayinghealthy  Physicslaciity  Exarcies videos = PrintPage

E

=3 Beginners and reduced mobility

@ How moderate activiy
helps.

@ Should e more
active?

@ My activiy routine

@ Kooping on track with
actiity levels

@ Physical ativity too
@ Exerciso vidos

© Boginners and
reduced mabilty

ntermac

© Advanced exarciss.

© Viewmy creuits
(layists)

i Aways remember to warm up before physical actvty and to cool down afterwards toreduce the rsk
ofnurie.

Weicome to the exarcises page fo begianers and peole wit mobiiy problams.
It 5 great laceto start o4 haven' been activ fo 2 il o have proslems waking.

1fyou fesl conficant doing these, you can combine them withany of e atner ntarmedise o scvanced
exercisos that you ool comforable dcing.

‘Thera are thres important staps when exarcising:
1. Warm us,

2. Do salecied excroises.

3. Cool doun.

Tos

Gemonstation of an axeeise, ik on tre Wetch video fink anthe [t below and then press pay.

[ RELATED TOPICS

® Glucos

@ Howls type 2 disbetes

trasted?

k

oo Vateh Akt
Bofore staring o exercise i raally important o warm the body

up ard gat t rosdy. Horo s @ warm up outine.
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Search B Quiz: Taking my medicines
My medicine quiz
TAKING MEDICINES 0D

@ Should | improve
how | take my

es?
icine routine

@ Keeping on track

medicines

Quiz results: Taking
my medicines.

My medicine list
My medicine planner

Set medicines
reminders.

View medicine
reminders.

My medicine goals
My medicine goals -
summary

Reasons tostick to
my medicine routine

Do you sometimes forget to take your medicines?

Yes No

A Edit this article.
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Search... ea Quiz results: Taking my medicines

My medicine quiz
TAKING MEDICINES

Summary Date
® How taking medicines Thank you for taking the my medicines quiz. Your score indicates that you often find it
can help difficult to take your medicines. Taking your medicines is one of the most important things
@ Should | improve how You can do to control your diabetes. This part of the website aims to help you with your
Itake my medicines? medicines routine.
@ My medicine routine ll;r:‘:nar.our answers in the taking my medicines quiz you may find the following links usefulto o
© Keeping on trackwith | oygeing your mecines oets
my medicines Suffering from side effects
@ Medicine tools Coping with changes in your routine
i2: Taki g my medicines is a hassle
© Quiz: Taking my Taking my medicines is a hassle
o Deciding to stop taking your medicines
medicines
Quiz results: Taking Thank you for taking the my medicines quiz. Your score suggests that you are quite good at
my medicines taking your medications. This s great as taking your medicines is one of the most important
o things you can do to control your diabetes. However there are times where you find it difficult
My medicine list to take your medications.
My medicine planner From your answers in the taking my medicines quiz you may find the following links useful to
Set medicines look at: 112
reminders Forgetting your medicines
© View medicine Suffering from side effects
reminders Coping with changes in your routine

Taking my medicines is a hassle

© My medicine goals Deciding to stop taking your medicines
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‘Search e My medicine goals

Uss this tool to set your own medicine goals and make plans to reach them.

TAKING MEDICINES S eat e
@ How taking
medicines can help Now that you have chosen to improve how you take your medicines you can use tis 100l to help you
@ Should | improve achieve it.
how I take my Please make sure you choose & goal that is important to you.
medicines?
@ My medicine routine What goal do | want to achieve? Ways to set your goals
@ Keeping on track
with my medicines 1 wil remember to take my medicines everyday (more info)
@ Medicine tools 1 will I how my medicines should be taken (more info

1 wil simpiy my medicine routine (more info)
‘Add your own goal

© Quiz results: Taking

Quzrese T What are your reasons to achieve this goal? Deciding your reasons
© My medicine list ~ Keap eatny ~ ool veter ~ improve my HoATG
© My medicine planner 1 Improve my blood glucose 1 Reduce blood pressure 1 Have more energy
o levels
o Setmedcines  Cover myclsiorllovel 1 Havo fower aches and pains - Liva o g
1 Prevent complications

© View medicine
reminders.

© My medicine goals

© My medicine goals -
summary @0 1 3 4 5

© Reasons to stickto
my medicine routine

© Add your own reason

How important is this goal to you?

ey Importa

s 0
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@ How taking
medicines can help

@ Should | improve

routine
@ Keeping on track

‘with my medicines
® Medicine tools

© Quiz resuls: Taking
my medicines.

© My medicine st

© My medicine planner

© Set medicines.
reminders.

© View medicine
reminders

© My medicine goals

© My medicine goals -
summary

© Reasons to stickto
my medicine routine
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Home Staying healthy Taking medicines  Medicine tools # Print Page

My medicine goals

Uss this tool to set your own medicine goals and make plans to reach them.

Making your plans

Below you can see your goal to improve how you take your medicines. You can choose one of the
pians suggested or use the boxes underneath to make a pian for each goal. When doing So, tis
important to break your goal down into small achievabie steps.

‘Setting a SMART goal will help you succeed:

‘Specifc: | know exactly what | am going to do.
Measurable: | will know when | have done it
Achievable: | know | can do this with a bit of effort
Relevant: This is important for me.

“Time: | have set myself a clear deadiine

Goal: 1 will learn how my medicines should be taken

What exactly am | going to do? "How to make plans

11 will complte the websites my medicine pianner
1 Atmy next appointment | will ask my doctor exactly when and how my medicines should be taken.

11 will make my own medicine pianner that tells me exactly when I shouid teke each of my medicines
‘each day (e.g. What each medicine looks like (blue round tablet); How many tablets should be taken
‘and how often (two tablets twice  day); When should tablets be taken (In the morning before breakfast
andin the evening before dinner)

© Add your own plan

When would be a good date to tart your plan? When to seta date
ooy 8

Previous [ hoxt 2
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‘Search e My medicine goals

Uss this tool to set your own medicine goals and make plans to reach them.
TAKING MEDICINES

Review your plan
@ How taking

medicines can help Before confirming your medicine goals and plans, read through the again and think about the
@ Should | improve following things:

how | take my )

medicines? ‘Check that ey are SMART goals and plans:

SMART: § - specific /M - measurable /A - achievablel R - realistic / T - time

@ My medicine routine
> Goal: I willlearn how my medicines should be taken

@ Keeping on track

with my m 2 Plan: At my next appointment | will ask my doctor exactly when and how my medicines.
i Should be taken.
® Medicine tools

© Quiz: Taking my How confident are you that you can follow this plan? Why this is important

medicinos o AT 0
© Quiz results: Taking N

my medicines What might stop you following this plan? Common Problems
© My medicine list e
© My medicine planner .
o Set medicines

reminders Now think of possible solutions to the problems above Things that might help
© View medicine

reminders. j
© My medicine goals -
© My medicine goals - When would be a good date to review your progress? When to review things

summary oommvy/E
o Reasons tostick to

my medicine routine

Previous Save
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‘Search Staying motivated
Itis important to keep motivated and try again when you run into problems.
TAKING MEDICINES Inspiration often comes from others. You could use the forum to talk to people about their medicine goals and
motivtions, and thre are videos of peosle teling stores about theirexperiences of taing medicines. It can
@ How taking also help to track your progress over time, perhaps try using my health tracker to keep a diary.

medicines can help

o Sosatipros e yoreors. [ TTENTETAETCE
row ke = =
medicines?

@ My medicine routine
@ Keeping on track

‘One of the ways that you can buid your motivation and stay motivated is by remembering allthe
feasons why i i 50 important to YOU to improve how you take your medicines.

with my medicines Here are your reasons:
© Staying motivated
ving > Reasons R Delete
© Review my medicine
goals ‘Goal: I will remember to take my medicines everyday (more info) Start date: 2810872015
© My review feedback Date added: 24/08/2015 Review date: 2810812015
@ Medicine tools Eat
W Keep heaitny B Edit
Delete
‘Goal: | will take my pills with water Start date: 271012012
5 RELATED ToPicS Date added: 251012012 Review date: 311012012
@ Medicines W Keep healtny B Edt
 Live for longer Delete

@ Special occasions

“Try o keep your reasons for improving your medicine routine present with you on a day-to-day basis.
‘One easy way of doing tis s 1o printoff the summary page of gols, feasons and acton plans that you
have made and put them in a central place in your home. A good piace for a lot of people is on the
fridge.
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‘Search Review my medicine goals

There is a human tendency to think n black and white terms—remembering only the fallures or exaggerating
the successes.
TAKING MEDICINES
@ How taking Progress toward your goals
medicines can help
Below are the goals and plans that you set for yoursalf i the medicine goals tool.
@ Should | improve
how I take my Haven't set any goals yet? Get some tips on making a change to your medicine routine or set some goals and
medicines? plans now using the medicine goals tool.
@ My medicine routine | g5 eaisic and nonest with yours, take a few moments o rateyour pogress towards those goals hat
@ Keeping on track You set for improving how you take your medicines. How well do you think you have achleved them so
with my m s far? (1= notat al, 5= very well
o Staying motivated
Plan Ratng || (%
¥ Goal: 1 will remember to take my medicines everyday (more ino) Star date: 280812015
© My review feedback Date added: 24/0812015 Review date: 28/08/2015
® Medicine tools B 1t et r ol reminder o s 0 b delveedachaied % % 999 T
before | am due o take each of my medicines, 2 1%
Goal: will take my pils with water Start date: 271102012
Date added: 251102012 Review date: 31/10/2012
[ RELATED TOPICS
eeeeo|_
B Have a water bottie where | keep my pils I 7]%
Delete | [ Add

Next steps.
> Get some feedback on your progress
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Search My review feedback
P ——
Feedback T e
TAKING MEDICINES
@ How taking Goal: 1 will rememberto take my medicines everyday (more no) Star date: 2810812015
Todicingecan holp Date added: 2410812015 Review date: 280872015
@ Should I improve.
how | take my A normal process
medicines? -
@ My medicine routine Keep tying. Every tiny sep i the right irecton puts you i a btter positon than you were
before.
@ Keeping on track fore
with my medicines
Goal: 1 will take my pills wth water Star date: 2711012012
© Staying motivated Date added: 2611072012 Review date: 311072012
© Review my medicine
goals
Doing well
© My review feedback L0 S (2=
@ Vedicine tools Congrauiations! You are doing really well and aking contolofyour iabetes.
|
Detete | [[Add
[ RELATED ToPICS
o Modicines 1t usefu 1oty toleam fom your experience when you review your goal. You can ask yourself:
® Special occasions > Does this o stil st me?
@ Travelling with > Have | been realisic? Overly ambitous? Too cautous?
modications 3 Have things changed and my goals nolonger sut me?
“Tis might be a good e to take stock and think again about what is est for you - ight now i your

particular circumstances.

‘You may find it helpful to talk about your goals and plans with your nurse. Also, letting someone else
know what goals you are working towards can really help you to stick to them.
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‘Search ‘Working with my diabetes team
You are the most important person inyour diabetes team.
STAYING HEALTHY ou
o You decide what you eat, how much you exercise, whether
® Why s Iifestyle or not you take 2 medicaton, and whether you atend your
important? diabetic checks.
@ Looking after
yourself “This puts you in @ powerful positon to invest n your healtn
el act and your future. Along your joumey, you will meet many.
ty different heaith professionals.
@ Taking medicines
@ Esting & drinking Here we discuss the oles of ifierent healh professionals,

o Alcohol a5 well as a fow things you can do 1o help them.
icohol

v

Who can help at my GP practice?

v

What can | expect from my pharmacist?
What is a podiatrist and why might | see them?
Who wil | see If | have a diabetes hospital appointment?

v

v

> Who looks after my eyes?

v

Who can help me with my diet?

v

Who can | see If | am feeling down?
> What can | do to feel more supported by health professionals?

v

What can | do to help my diabetes team?
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Metformin

Trade names: Glucamet, Glucophage, Bolamyn
Family: Biguanides

Metformin is a medicine that has  hugely positive impact on diabetes care. It i very affecive at helping people achieve
better glucose control without causing welght gain.

It can be prescribed in different strengths: mainly as 500mg and 850mg tablets. It is available as a standard and modiied
elease proparation.

Motformin does not cause kidney damage. The body gets rd of meformin through the Kidneys so f you have signifcant
Kidney problems, you may be adised 1o stop metforin.

“There s interest in metformin as a way of postporing the onset of diabstes in high risk people. This is an area of ongoing
rescarch,

> Why should I take it?
> What s the evidence?

> How do I take it7

> Driving and alcohol

> Dol need special tests?

> What are the possible side effects?

> How does it work?
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Searen.

Blood tests for kidney function

TESTS TO MONITOR
DIABETES

@ Blood glucose
readings

@ HbA1G blood test

@ Blood pressure

@ Cholesterol

® Blood tests for
kidney function

@ Urine tests for kidney
function

@ Weight and body
mass index

@ Waist circumference
@ Glucose meters

() The main blood tests that look at kidney function
are the creatinine level and the estimated
Glomerular Fillration Rate (€GFR).

These tests look at how well your kidneys are fitering the
blood. This is important because without good firation,
‘waste products stay in the blood and can cause tredness,
confusion and a buid p of lud as well a high blood
pressure.

Creatinine
Creatinine is a waste product from the breakdown of muscle. Healthy kidneys actively remove toxins out of the

blood and into the urine. If the idneys are not fiering effectively, more creatinine stays in the biood and the
levels rise.

eGFR

The eGFR is a measure of kidney flration levels.

[T what if it 1s abnormal? | How Is it measured?

Normal creatinine levels are:
below 120 micromoliL in men
‘below 110 micromoliL. in women

Normal eGFR levels are
‘more than 90mi/mini1.73m (usually reported as >90)

For Affcan-Caribbean people, the eGFR reported by the lab shouid be multiplied by 1.21.

‘See also above: What ft s abnormal? | How i it measured?
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‘Search e ‘What can | expect at my yearly check?
(©) You shouid have a thorough review of your diabetes every year with your GP or nurse. This should
HOW THE NHS CAN Include a review of your treatment, mood and speciic areas Including your feet.
HELP

‘The annual review is a time to take stock and look broadly at your progress in relation to your diabetes. Many

® What can | expectat | tngs ke your bood pressure and weigh il have been measre equiary ver he course of the year, but

my yearly check? often in quite short appointments.
@ Which basic services.
should I recaive? The annual review is generally a sighty longer appointment than usual and aims to ensure nothing has been
@ Can'l go on any missed over the course of the year.
courses? ‘You will normally have a blood and urine test a week before your appointment.
@ Will I have to pay for
my medicines? What will we talk about?
@ What if 'm not
getting the expected I How well your diabetes is managed and what your blood glucose leves are like.
level of care? Your progress with your Ifestyle: diet, aiconol, smoking, exercise and weight.

I Your mood, which can be low f you are struggiing with the impact of diabetes on your ife.

® What happens when || L o0 e you may be hving wih sex, a5 your doctr o nurse may be abe o nelp you wih .

find out | have

diabetes?

N What will the doctor or nurse examine?

@ Where will my

diabetes be B Your bood pressure and weight.

managed? ® The skin and amount of feeling in your feet.
@ What will happen at B The puises in your fest.

appointments? B Your injecton sies i you take insuiin.

In some cases, f your diabetes is managed in hospital, this annual review may happen at the hospital rather
S tanatyourGPsumery.
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Eating at celebrations

Celebrations such as weddings, religious festivals and periods of
fasting are 1o be enjoyed. If such an occasion is rare - ike your
birthday - a celebratory high fat or high sugar meal or snack is
OK.

However, extra care has o be taken when it comes to
celebrations that happen more often and those that last for a

longer period.

“This is because most typical festive foods are loaded with extra
calories, sugar and saturated fat, which are not helpful for your
diabetes control, weight and general health.

Fasting may also affect how you need to take any medicines - speak to your diabetes team before the fast.

At weddings and parties

iglous fostivals

> Plan anead; ask your host what kind of f00d they plan to serve and make your food choice ahead of
time.

> Consider your optons carefully and resist over-induiging.

3 Itis not a good idea 1o atend such events when you'e hungry. Eat something beforehand. Starving
Yourself in order to over-indulge at such events is never a good idea. Ifyou show up hungry, you are
more likely to overeat.

> Be careful with buflets. Decide on what you are having and resist the temptaton fo second
helings.

> Watch your portons; try sharing desserts with others around you.

3 Take healthy foods, snacks or desserts with you i this is practical, and share with others.

> Limitthe amountof acohol you drink; t ads o your calories and can lower your self-control.

> Be careful with nuts and other cocktal party foods that ae high n fat andior sugar.

3 Be focused and find a nice way of Saying 'n0' o extras when offered.

‘See also above: Fasting & religious festivals.
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Shift work

Shift work can be difficult for people with diabetes. However, if you feel able
to cope with the changes of shift work, then you shouldn't let diabetes stand
in your way.

‘Shift work can lead to difficulties in controlling diabetes as it may involve
changes to routines and different demands on your body. You might:

M have to make changes to the timing of meals and go for long periods of
time without eating

have to change the timings of your medication

‘experience variations in the level of activity at night

‘experience variations in your stress levels

find it hard to catch up on your sleep, which can also interfere with your meals and taking your medications.

Man clocking

Discussing shift work with your GP

Shift work is particularly disruptive if you manage your diabetes with insulin injections as you may find it difficult to
find appropriate times to inject your insulin.

Itis a good idea to discuss shift work with your GP, who can advise you and help you make a plan of how best to
manage your diabetes during shift work.

Frequent self-monitoring and recording of blood glucose is really important to see how shift work affects your
blood glucose levels. It wil also help you to plan ahead.
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RELATIONSHIPS

@ The emational impact
of dabetes

® Sox & intimacy

@ Prognancy

@ Resources for family,
relaives and frends

Sex and ntimacy ara important aspacts of adut elstionships and are dferent i averyrelatonsrip. ARhough
‘Soxual problems aro moro comman n pacplo with iabetes, having dabetes doasn' mean that you wl
ovelop a sexual problom. Tho isk of developing sexual problems s raduced f iabetos is well managas.

1t you sre xperancing sexual roblems, it s mportant that you talk sbout it with your parinar, This may be.
il at rst, outtalking about s th frst step o gating hep.

s sl important o el your GP about any sexal problems, as thera ar0 many things i can ba dona to
Relo- Your GP will o abl t ofer advico and astmont.

Tofind out more about the causes of sexual problems and how o provent these take a lock at our sex
proslems page.

[ RELATED TOPICS.

@ Sexual problems

@ Howsating affects
yourmood

Organisations offering specialised information & advice
‘The Sexual Advics Association

The Sexual Advics Assocaton s a charable rgarisaton that aims t help mrove he sexval heath and
well eing ofmen and women and o rase awaraness of the oxlent o which sexual conditons affctthe
‘general poputtion.

Postal addoss: Suts 301, Emblom House, London Bridge Hospial, 27 Tocly Stres, London SE1 2PR.
7 winsexuslachicoassociaton co vk

Telaphone: 020 7486 7262

Email nfo@sexusiachiseassosation co vk

The College of Sexual and Relationship Therapists.

“The Colege of Sexual and Relationshp Therapist, reviously known s the Bish Associaton for Sexual
‘anc Relatonship Therapy, s te natonalspecialst charty for sexual and elatonship therapy.

Postal address: PO Box 13686, London SW20 024
7 wwsosrton uc

Telephone: 020 8543 2707

nfooosrtonuk

fonl foderated chary supporting reatonsrips.

Postal addross: Contral Offca, Pramir House, Carolina Cour, Lakesids, Doscaster DNA 5RA
7 snrelsle org
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@ My diabetes care plan

-

Important dates

My goals and plans The care plan is a summary of the things that are important to you, your recent

results and a personal healthcare plan to help you manage your diabetes.

Preparing for my
review

My recent results Your care plan has the following information:

My mood
Screening checks

Important dates (appointments and tests)

My goals and plans

Preparing for my review (checklist to help you prepare for your regular diabetes review)
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