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Abstract 

Background: Type 2 Diabetes Mellitus (T2DM) represents a major public health concern. 

Over one million annual deaths worldwide are attributed to the disease, making it the ninth 

leading cause of mortality. In Ireland, the number of adults over 40 years of age with or at 

high risk of developing T2DM is estimated at 408,000 (17.4%) and could reach 717,000 by 

the year 2036. To reverse the escalating trend of T2DM, several countries have implemented 

a diabetes prevention programme (DPP) which empowers people at risk of T2DM to 

maintain a healthy weight and blood glucose levels through regular physical activity and 

heathy eating. Digital DPPs have also been developed to facilitate online participation via 

computer or smartphone. A national DPP is currently under consideration in Ireland; and, 

given the recent digital health boom, a digital programme could have significant impact. 

However, it is unknown which technology-driven T2DM prevention interventions are 

effective in producing clinically significant improvements in T2DM-related outcomes, and 

which intervention components have the greatest impact. Furthermore, the factors affecting 

the acceptability of a digital DPP among its target users remain unknown. Identifying these 

components and factors is essential for the development and implementation of an engaging 

and effective programme. 

Aim: This research aimed to assess the effectiveness of, and active ingredients in, digital 

T2DM prevention interventions. It also aimed to identify and explore factors that influence 

the acceptability of a digital DPP among adults living in Ireland, particularly those at risk of 

T2DM. The findings of this research will form an evidence base for the development and 

implementation of an Irish digital DPP. 

Methods: A mixed methods approach was adopted, informed by the UK Medical Research 

Council framework for developing and evaluating complex evaluations. The research 

comprises three studies. In study one, a systematic review was conducted to assess the 

effectiveness of technology-driven T2DM prevention interventions, and to identify the 

behaviour change techniques (BCTs) and digital features frequently used in effective 

interventions. In study two, a digital health acceptability model was developed and tested via 

cross-sectional questionnaire and structural equation modelling to identify the factors that 

influence the intention of adults living in Ireland to use a digital DPP. Study three used semi-

structured interviews and qualitative content analysis to further refine the model developed in 

study two and to explore the views and experiences of adults at risk of T2DM regarding 
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factors that affect the acceptability of a digital DPP, such as health status, social influence, 

health technology use, health behaviours, and perceptions of a smartphone based digital DPP. 

Findings: According to the systematic review, in the short term (≤6 months), 63% of 

technology-driven T2DM prevention interventions achieved a clinically significant weight 

loss of at least 3%. However, only 33% of interventions achieved the 5% weight loss 

benchmark at ≥12 months. Of the interventions that reported glycaemic status, 77% and 38% 

reported a significant improvement in HbA1c and fasting glucose respectively. Interventions 

containing a larger number of BCTs and digital features were more effective. The BCTs: 

social support (unspecified), goal setting (outcome/behaviour), feedback on behaviour, and 

self-monitoring of outcome(s) of behaviour were most effective. Interventions containing 

digital features that facilitated health and lifestyle education, behaviour/outcome tracking, 

and/or online health coaching were most effective. 

In study two, 316 eligible participants (Mage = 36) completed the questionnaire, of which 42% 

had a slightly elevated or higher risk of T2DM. The acceptability model developed in this 

study explained 65% of the variance in the intention to use a digital DPP. Twelve direct 

factor relationships were statistically significant. Subjective norm had a moderate-to-large 

impact on T2DM risk perceptions. Health status, perceived susceptibility to T2DM, eHealth 

readiness, communicative eHealth literacy and image had significant impacts on use 

intentions through mediators of perceived ease of use and perceived usefulness. 

In study three, 17 adults (Mage = 50 years) at risk of T2DM participated in a semi-structured 

interview. Descriptive themes relating to personal health, social influence, eHealth literacy, 

healthy eating, physical activity, and perceived usefulness plus ease of use of a digital DPP 

were identified. Health technologies, programme features, and interactions with friends and 

health professionals regarding their health behaviours were viewed by participants as both 

favourable and unfavourable, potentially affecting digital DPP acceptability. However, the 

desire for a programme to be tailored at both the individual (e.g., personalised goals) and 

group (e.g., homogenous peer groups) levels was a common thread. 

Conclusion: The findings of this research have advanced the evidence base regarding T2DM 

in Ireland, laying the foundation for the development and implementation of a national digital 

DPP. This research has also advanced the international knowledge base on what works in 

digital T2DM prevention interventions in three ways. First, it has extended the current 

understanding of health beliefs and eHealth literacy. Second, it identified the need for 
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policies that improve access to healthy foods and food skills training. Third, it recommends 

several further research and practice avenues, including the improved measurement and 

reporting of key programme outcomes, and consultation with healthcare professionals to 

facilitate programme buy-in. These avenues are vital in understanding a digital DPP’s 

mechanisms of action, enhancing programme engagement and effectiveness, and ensuring 

significant and sustained impact on T2DM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvii 
 

List of Tables 

Table 2.1. Categorisation Matrices Representing the Research Topics 

Table 3.1. Study Characteristics 

Table 3.2. Intervention Characteristics 

Table 3.3. Summary of Behaviour Change Technique Use in Effective and Non-Effective   

                  Interventions 

Table 3.4. Summary of Digital Feature Use in Effective and Non-Effective Interventions 

Table 4.1. The Factors Included in the Hypothesised Model, Theories/Models of Origin, and  

                  Factor Definitions 

Table 4.2. List of Hypotheses 

Table 4.3. Summary of Sample Characteristics (N = 316) 

Table 4.4. Skewness, Kurtosis and Factor Loadings of All Items of the Final Measurement  

                 Model 

Table 4.5. Cronbach’s Alpha, Composite Reliability, AVE, and the Fornell-Larcker Test of  

      All Factors in the CFA 

Table 4.6. Descriptive Statistics of the Total Factor Scores 

Table 4.7. Pearson’s Correlation Matrix of All Factors of the Revised Structural Model 

Table 4.8. Hypothesis Tests of the Direct Effects of the Revised Structural Model 

Table 5.1. Factors of the Extended Framework for Digital DPP Acceptability 

Table 5.2. Participant Characteristics 

 

 

 

 

 



xviii 
 

List of Figures 

Figure 2.1. Research Design Overview 

Figure 2.2. Proposed Model of the Factors Influencing the Acceptability of a Digital DPP 

Figure 2.3. Extended Framework for Digital DPP Acceptability 

Figure 2.4. Snapshot of the Coding Process Conducted in NVivo 

Figure 2.5. Overview of the Qualitative Content Analysis Process 

Figure 3.1. PRISMA Flow Diagram 

Figure 4.1. Hypothesised Model of the Factors Influencing the Acceptability of a 

                   Digital DPP 

Figure 4.2. Revised Structural Model of the Factors Influencing the Acceptability of a 

       Digital DPP 

Figure 4.3. The Revised Structural Model of the Relationships of the Factors Influencing the  

                   Acceptability of a Digital DPP 

Figure 5.1. Extended Framework for Digital DPP Acceptability 

Figure 5.2. Overview of the Categories and Themes Identified via Qualitative Content  

                   Analysis 

 

 

 

 

 

 

 

 

 

 



xix 
 

List of Appendices 

Appendix A: Article-Based PhDs: Guidelines for the College of Arts, Social Sciences, and  

           Celtic Studies 

Appendix B: PRISMA Checklist (Study One) 

Appendix C: Systematic Review Search Strategy (Study One) 

Appendix D: Pre-Pilot Questionnaire (Study Two) 

Appendix E: Final Questionnaire (Study Two) 

Appendix F: Research Ethics Committee Approval Notice (Studies Two and Three) 

Appendix G: Recruitment Press Releases (Study Two) 

Appendix H: Recruitment Flyer (Study Two) 

Appendix I: Participant Information Sheet (Study Two) 

Appendix J: Participant Consent Form (Study Two) 

Appendix K: Digital DPP Colour Brochure (Studies Two and Three) 

Appendix L: COREQ Checklist (Study Three) 

Appendix M: Recruitment Flyer (Study Three) 

Appendix N: Participant Information Sheet (Study Three) 

Appendix O: Participant Consent Form (Study Three) 

Appendix P: Recruitment Flowchart (Study Three) 

Appendix Q: Digital DPP Video Screenshots (Study Three) 

Appendix R: Interview Topic Guide (Study Three) 

Appendix S: Participant T2DM Risk Notification Email (Study Two) 

Appendix T: Reference List for all Articles Included in the Systematic Review 

                       (Study One) 

Appendix U: Quality Assessment Summaries for All Studies (Study One) 

 



xx 
 

Appendix V: The Proportion of Baseline Weight Lost at Each Follow-Up for 

                       Interventions Included in the Primary Effectiveness Analysis (Study One) 

Appendix W: Mean Changes in Body Weight and Glycaemia from Baseline to 

            Most Recent Follow-up (Study One) 

Appendix X: Behaviour Change Techniques Identified in All Interventions (Study One) 

Appendix Y: All Coded Digital and Non-Digital Components (Study One) 

Appendix Z: Digital Features Identified in All Interventions (Study One) 

Appendix AA: Digital Feature Descriptions (Study One) 

Appendix AB: Summary of Behaviour Change Technique Use in Effective and 

      Non-Effective Interventions – Excludes Imputed BCTs (Study One) 

Appendix AC: Summary of Digital Feature Use in Effective and Non-Effective  

  Interventions – Excludes Imputed Features (Study One) 

Appendix AD: BCTs: Most Frequently Identified and Most Effective by Imputation vs No  

  Imputation (Study One) 

Appendix AE: Digital Features: Most Frequently Identified and Most Effective by  

  Imputation vs No Imputation (Study One) 

Appendix AF: Average Number of BCTs and Digital Features Used Per Intervention, 

  both Including and Excluding Imputations (Study One) 

Appendix AG: Factors and Assessment Items of the Hypothesised Research Model 

       (Study Two) 

Appendix AH: All Individual Indirect Paths of the Revised Structural Model (Study Two) 

Appendix AI: All Direct, Indirect, and Total Effects of the Revised Structural Model 

   (Study Two) 

Appendix AJ: Deductive Content Analysis Summary (Study Three) 

Appendix AK: Additional Supporting Quotes by Theme (Study Three) 

Appendix AL: Desired Features for the Digital DPP (Study Three) 

 



xxi 
 

List of Abbreviations 

A1c   Glycated haemoglobin 

AHEI   Alternative Healthy Eating Index 

ANOVA  Analysis of Variance 

ATT   Attitude towards the digital diabetes prevention programme 

AVE   Average Variance Extracted 

BCTs   Behaviour Change Techniques 

BCTTv1  Behaviour Change Technique Taxonomy version 1 

BMI   Body Mass Index 

CDC   Centers for Disease Control and Prevention 

CeL   Communicative eHealth Literacy 

CFA   Confirmatory Factor Analysis 

CFI   Comparative Fit Index 

CLF   Common Latent Factor 

CMV   Common Method Variance 

COREQ  Consolidated Criteria for Reporting Qualitative Research 

COVID-19  Coronavirus Disease 2019 

CT   Christie Tetreault 

CVD   Cardiovascular Disease 

DASH   Dietary Approaches to Stop Hypertension 

DPI   Diabetes Prevention Intervention 

DPS   Diabetes Prevention Study 

eHEALS  eHealth Literacy Scale (Norman & Skinner) 

eHLF   eHealth Literacy Framework 



xxii 
 

eHR   eHealth Readiness  

eHRS   eHealth Readiness Scale 

EM   Eimear Morrissey 

FBG   Fasting Blood Glucose 

FINDRISC  Finnish Diabetes Risk Score 

FPG   Fasting Plasma Glucose 

GDM   Gestational Diabetes Mellitus 

GeL   General eHealth Literacy 

GI   Glycaemic Index 

GL   Glycaemic Load 

GLB   Group Lifestyle Balance 

GP   General Practitioner 

HbA1c    Glycated haemoglobin 

HBM   Health Belief Model 

HCP   Healthcare Professional  

HEI   Healthy Eating Index 

HITAM  Health Information Technology Acceptance Model 

HS   Health Status 

HSE   Health Service Executive 

IDPP   Indian Diabetes Prevention Programme 

IFG   Impaired Fasting Glucose 

IGT   Impaired Glucose Tolerance 

IM   Image 

IMAGE  Implementation of a European Guideline and Training Standards for  

                        Diabetes Prevention 



xxiii 
 

INT   Intention to use the digital diabetes prevention programme 

JDPP   Japan Diabetes Prevention Programme 

JMc   Jenny McSharry 

JMu   Jane Murphy 

LV   Luke Van Rhoon 

MB   Molly Byrne 

MDPP   Medicare Diabetes Prevention Program 

MET   Metabolic Equivalent of Task 

ML-SEM  Maximum Likelihood Structural Equation Modelling 

MRC   Medical Research Council 

NCPD   National Clinical Programme for Diabetes 

NDPP   National Diabetes Prevention Program 

NHS   National Health Service 

NHS-DPP  National Health Service Diabetes Prevention Programme 

NICE   National Institute for Health and Care Excellence 

PDM   Prediabetes Mellitus 

PERQ   Patient eHealth Readiness Questionnaire 

PEU   Perceived Ease of Use 

PLS-PM  Partial Least Squares Path Modelling 

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

PROSPERO  International Prospective Register of Systematic Reviews 

PSe   Perceived Seriousness 

PSu   Perceived Susceptibility 

PU   Perceived Usefulness 



xxiv 
 

QALY   Quality Adjusted Life Year 

QCA   Qualitative Content Analysis 

RCT   Randomised Controlled Trial 

RMSEA  Root Mean Square Error of Approximation 

RRSA   Research Readiness Self-Assessment 

SEM   Structural Equation Modelling 

SMART  Sequential Multiple Assignment Randomised Trial 

SMS   Short Message Service 

SN   Subjective Norm 

SNAP   Supplemental Nutrition Assistance Program 

SPSS   Statistical Package for the Social Sciences 

SRMR   Square Root Mean Residual 

T1DM (or T1D) Type 1 Diabetes Mellitus 

T2DM (or T2D) Type 2 Diabetes Mellitus 

TAM   Technology Acceptance Model 

TAM2   Technology Acceptance Model 2 

TAM3   Technology Acceptance Model 3 

TLI   Tucker-Lewis Index 

TMeHL  Transactional Model of eHealth Literacy 

TPB   Theory of Planned Behaviour 

TRA   Theory of Reasoned Action 

UK   United Kingdom 

US   United States 

US-DPP  United States Diabetes Prevention Program 



xxv 
 

UTAUT  Unified Theory of Acceptance and Use of Technology 

UTAUT2  Unified Theory of Acceptance and Use of Technology 2 

VIF   Variance Inflation Factor 

WHO   Word Health Organization  

 

 

 

 

 

 

 



1 
 

1. Introduction 

1.1. Chapter Overview 

 The opening chapter of this thesis will provide a background to this research. In the 

first half of the chapter, type 2 diabetes mellitus (T2DM) will be discussed. This will include 

summaries of the condition’s characteristics, aetiology, and associations with other medical 

conditions. Additionally, several evidence-based strategies for the prevention of T2DM will 

be presented, including health screening, pharmacological therapy, nutritional support, 

physical activity interventions, and population-wide public health initiatives. Following this, 

several landmark diabetes prevention trials will be summarised, and a discussion of 

translational diabetes prevention programmes (DPPs) will outline the present state of 

pragmatic or ‘real world’ lifestyle intervention strategies. The second half of the chapter will 

introduce digital technologies, where discussion on digital health technologies (DHTs) will 

highlight the present application of technological innovations in healthcare, including their 

role in DPP delivery. This will be followed by a presentation of several technology 

acceptance theories and eHealth literacy frameworks, each relevant to the assessment and use 

of digital health interventions. The chapter will conclude with a summary of the rationale for 

this research, and its overall aim and objectives. 

1.2. Type 2 Diabetes Mellitus 

 Type 2 diabetes mellitus is a complex chronic disease characterised by  

dysregulation of carbohydrate, lipid and protein metabolism, and is a result of impaired 

insulin secretion caused by pancreatic beta-cell dysfunction, insulin resistance or a 

combination of both (Chatterjee et al., 2017; DeFronzo et al., 2015). Insulin release and 

activity are essential processes for maintaining blood glucose balance, and the mechanisms 

involved in the synthesis and release of insulin are tightly regulated (Galicia-Garcia et al., 

2020). Defects in any of the mechanisms involved in the synthesis, release, and detection of 

insulin can lead to a metabolic imbalance that results in elevated blood glucose levels or 

‘hyperglycaemia’. Over time, a consistent state of hyperglycaemia can damage the heart 

vasculature, eyes, kidneys, and nerves (Galicia-Garcia et al., 2020). Type 2 is one of two 

principal forms of diabetes mellitus. The other is type 1 diabetes mellitus (T1DM), a 

condition generally accepted to be precipitated by an immune-associated, if not directly 

immune-mediated, destruction of pancreatic beta cells (Atkinson et al., 2014). However, 

gestational diabetes mellitus (GDM), characterised by hyperglycaemia that develops during 

pregnancy and resolves following delivery, is another form of diabetes that has gained 
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attention in recent years due to its rising prevalence, and implications for the health of current 

and future generations through genetic and environmental mechanisms (Johns et al., 2018; 

Lende & Rijhsinghani, 2020; McIntyre et al., 2019). While all forms of diabetes have serious 

health implications if not managed or treated appropriately, T2DM makes up 90-95% of all 

adult diabetes cases (Henning, 2018). 

Several overt symptoms are typically experienced by people with T2DM. These 

include frequent urination, extreme thirst, hunger and/or fatigue, blurred vision, slow healing 

wounds, pain, and tingling and/or numbness in the feet (American Diabetes Association, 

2020b). However, in some cases, symptoms can be so mild that they develop and persist 

unnoticed, and it has been estimated that almost 50% of people worldwide with T2DM are 

unaware of their condition, and may therefore remain undiagnosed (Beagley et al., 2014). 

Four diagnostic blood tests for T2DM are currently recognised by the World Health 

Organization (WHO). People with fasting plasma glucose (FPG) values of ≥7.0 mmol/L (126 

mg/dl), 2-hour post-load plasma glucose of ≥11.1 mmol/L (200 mg/dl), glycated 

haemoglobin (HbA1c) of  ≥6.5% (48 mmol/L), or random blood glucose values of ≥11.1 

mmol/L (200 mg/dl) in the presence of signs or symptoms are considered to have T2DM 

(WHO, 2019a).  

1.2.1. Prediabetes, Impaired Glucose Tolerance, and Impaired Fasting Glucose 

Type 2 diabetes mellitus is preceded by a pre-clinical state that can be present for up 

to 9 to 12 years (Harris et al., 1992). This ‘pre-diabetic’ state has been described using 

various terms, including prediabetes mellitus (PDM), impaired glucose regulation, borderline 

diabetes, high risk of diabetes, or non-diabetic hyperglycaemia (Chatterjee et al., 2017). Both 

PDM and T2DM have the same risk factors, and are detected via the same blood tests, albeit 

with different diagnostic boundaries. The WHO (2006) recognises two distinct conditions 

under the umbrella term of ‘intermediate hyperglycaemia’, the WHO’s label for the pre-

diabetic state. The first condition is impaired glucose tolerance (IGT), as indicated by FPG 

values of <7.0 mmol/L (<126 mg/dl), and 2-hour post-load plasma glucose of ≥7.8 and <11.1 

mmol/L (≥140 and <200 mg/dl). The second is impaired fasting glucose (IFG), as indicated 

by FPG values of 6.1-6.9 mmol/L (110-125 mg/dl), and (if measured) 2-hour post-load 

plasma glucose of <7.8 mmol/L (<140 mg/dl). The WHO does not support the use of HbA1c 

to diagnose intermediate hyperglycaemia as quality-assured HbA1c measures are not globally 

available (WHO, 2011). While both IGT and IFG reflect insulin-resistant states, they differ in 

their site of insulin resistance. Individuals with isolated IGT have normal to slightly reduced 
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hepatic (of the liver) insulin sensitivity and moderate to severe muscle insulin resistance, 

whereas people with isolated IFG predominantly have hepatic insulin resistance and normal 

muscle insulin sensitivity (Nathan et al., 2007). Despite its subclinical status, PDM (or 

intermediate hyperglycaemia) is still a high-risk condition which, if not averted, can lead to 

the development of T2DM (DeFronzo et al., 2015; WHO, 2006). It has been estimated that 

25% of people with PDM will develop T2DM within a three-to-five year period, and as many 

as 70% of people with PDM will develop T2DM in their lifetime (Hostalek, 2019; Tabák et 

al., 2012). 

There has been much debate regarding the use of the term ‘prediabetes’ as it can 

potentially disguise the differences between the two subcategories of the pre-diabetic state 

(Yudkin, 2016). However, there is currently no international consensus regarding appropriate 

diagnostic criteria for PDM, IGT, and IFG. Moreover, the term ‘prediabetes’ is currently 

recognised and actively used by Diabetes Ireland (2020c), Diabetes UK (2021b), and the 

American Diabetes Association (2021a). Given the ubiquitous use of the term ‘prediabetes’, 

the general subclinical or pre-diabetic state will be referred to hereafter as PDM. However, 

the terms IGT and IFG will be used where each condition is explicitly stated, or such 

distinction is warranted. 

1.2.2. The Impact of Type 2 Diabetes 

Due to its significant impact on the health and wellbeing of individuals, families and 

societies worldwide, T2DM has been labelled a major global public health concern; and, due 

to rapid economic development, urbanisation, and the ageing population, its incidence is 

rising steadily (Khan et al., 2020; Saeedi et al., 2019). In 2017, approximately 462 million 

individuals worldwide (or 6.28% of the global population) were affected by T2DM, and the 

current global prevalence rate is projected to increase from 6,059 cases per 100,000 people, 

to 7,079 cases per 100,000 by the year 2030 (Khan et al., 2020). Over one million deaths per 

year worldwide can be attributed to T2DM alone, making it the ninth leading cause of 

mortality, and it ranks seventh among the leading causes of disability and years of life lost 

(Khan et al., 2020). Serious complications of T2DM can include diabetic retinopathy, a 

microvascular disease and leading cause of visual loss in adults worldwide (Wang & Lo, 

2018); diabetic kidney disease, a clinical syndrome that is experienced by 20 to 40% of adults 

with diabetes (Persson & Rossing, 2018); and diabetic foot disease, a condition experienced 

by 6% of people with diabetes, which manifests as infection, ulceration, or destruction of 

tissues within the foot (Mishra et al., 2017). In approximately 1 in 100 cases of diabetic foot 
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disease, the severity of tissue damage warrants amputation (Lazzarini et al., 2015). A major 

comorbidity of T2DM is cardiovascular disease (CVD), which affects 32% of all people with 

diabetes (Einarson et al., 2018). In large prospective trials, T2DM was identified as a 

significant risk factor for CVD, including stroke, angina, heart failure, myocardial infarction, 

and atherosclerosis (Emerging Risk Factors Collaboration, 2010; Peters et al., 2014; Shah et 

al., 2015). Furthermore, meta-analytic studies have found that T2DM is associated with an 

increased risk of cognitive impairment and dementia (Pal et al., 2018; Xue et al., 2019), 

hepatocellular carcinoma (Xu et al., 2017), pancreatic cancer (Liao et al., 2015), periodontal 

disease (Chávarry et al., 2009), and tendinopathy (Ranger et al., 2016).  

Recent research has assessed the relationship between T2DM and COVID-19, also 

known as novel coronavirus disease 2019, or by its viral label: severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2). Findings indicate that diabetes was associated with 

increased mortality, symptom severity, and acute respiratory distress syndrome in people who 

had contracted COVID-19 (Huang et al., 2020). In a meta-analysis of 87 studies–which 

included 35,486 patients, and 5,867 deaths–diabetes was found to be the strongest predictor 

of COVID-19 related mortality (Corona et al., 2021). The disproportionate severity of 

COVID-19 symptoms in those with T2DM is likely due to the pulmonary dysfunction 

observed in people with diabetes, and their increased susceptibility to infection due to 

lymphopenia, and exaggerated inflammatory response (Fuso et al., 2019). 

The global economic burden of T2DM is substantial, growing rapidly in recent years 

(Seuring et al., 2015). The international average annual cost of treating patients with T2DM 

is estimated at US$3,418 (€3,120) per person. However, this figure rises to US$9,705 

(€8,850) in patients with both T2DM and CVD (Einarson et al., 2018). It was also estimated 

that approximately 12% of overall global healthcare expenditures are on diabetes treatments 

alone, equating to approximately US$850 billion (Basu et al., 2019), though these figures 

encompass all forms of diabetes. In the context of Ireland, there is limited national data on the 

epidemiology of T2DM, particularly among middle-aged and younger adults (Buckley et al., 

2013; Pierse et al., 2020; Tracey et al., 2015). However, recent estimates suggest that 

approximately 216,000 adults over the age of 40 have T2DM, and this figure is projected to 

reach 414,000 by the year 2036 (Pierse et al., 2021). Additionally, the current prevalence of 

T2DM and PDM among those over age 40 is estimated at approximately 9.2% and 8.2% 

respectively (Pierse et al., 2021). The economic burden of T2DM in Ireland is also cause for 

concern. According to an Irish study of healthcare utilisation among adults aged 50 years and 
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over, diabetes was associated with an 87% increase in outpatient visits, a 52% increase in 

hospital admissions, and a 33% increase in accident and emergency department attendances, 

when compared against data from adults without diabetes (O'Neill et al., 2018). The 

incremental cost of this additional service use was estimated to be €89 million annually, with 

hospital admissions accounting for 67% of these costs. 

1.2.3. Early-Onset Type 2 Diabetes 

Type 2 Diabetes Mellitus is often framed as a disease that mostly affects middle-aged 

and older adults. However, the prevalence of T2DM is rising in younger adults aged 18 to 39 

years (Lascar et al., 2018). It is estimated that individuals with ‘early-onset’ T2DM (most 

often defined as a diagnosis of T2DM in those under the age of 40), make up 15 to 20% of all 

adult T2DM cases worldwide (Centers for Disease Control and Prevention, 2020; Lascar et 

al., 2018; Yeung et al., 2014). Although the prevalence of T2DM among those under 40 years 

of age is lower than in those over 40, young adults with early-onset T2DM have a much 

higher risk of CVD when compared with age-matched individuals (Hillier & Pedula, 2003). 

This is mostly attributable to a longer duration of T2DM experienced by those who develop it 

earlier (Huo et al., 2016). Younger adults with early-onset T2DM experience more severe 

micro- and macrovascular complications (Chan et al., 2014; Lascar et al., 2018; Sattar et al., 

2019; Song & Gray, 2011), and have a higher mortality rate (Gregg et al., 2018) than those 

who developed T2DM at an older age. Despite the disproportionate severity of the condition 

in younger adults, guidelines for early-onset T2DM are extrapolated predominantly from 

evidence in older individuals, and adults age 18 to 39 remain highly underrepresented in 

T2DM clinical research trials (Sargeant et al., 2020).  

1.2.4. Risk Factors for Type 2 Diabetes 

Genetic factors that predispose individuals to T2DM are considered essential to the 

disease’s development. However, activation of these genetic predispositions requires the 

presence of several environmental and behavioural factors (Alberti et al., 2007). Risk factors 

for T2DM are usually characterised as either non-modifiable or modifiable. 

 1.2.4.1. Non-Modifiable Risk Factors. Commonly cited non-modifiable factors that 

increase one’s risk of developing T2DM include: family history, such as having a first-degree 

relative with T2DM (Ali, 2013; Ekoe et al., 2018); life stage, where risk markedly increases 

as one advances in age (Cho et al., 2018; Ekoe et al., 2018); sex or gender, where the 

prevalence of early-onset T2DM tends to be higher among females, while mid-to-late life 
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onset is most often higher among males (Huebschmann et al., 2019); race or ethnicity, where 

South Asian, Hispanic, Indigenous, and black African or Caribbean populations have a 

significantly higher probability of developing T2DM compared with white populations, due 

to both genetic factors and socio-economic disparities (Ekoe et al., 2018; Paul et al., 2017); 

and, previous diagnosis of GDM, as women with a history of the condition have an almost 

10-fold higher risk of developing T2DM than those who experienced a normo-glycaemic 

pregnancy (Vounzoulaki et al., 2020). 

1.2.4.2. Modifiable Risk Factors. The modifiable risk factors for T2DM are 

commonly known as ‘lifestyle factors’, as they represent behaviours that can be changed, or 

outcomes that can be prevented (Alberti et al., 2007). However, the term ‘lifestyle factor’ can 

imply that people engage in deleterious health behaviours solely by choice. In reality, a range 

of environmental factors such as global urbanisation and socio-economic disparities can limit 

the opportunities for certain individuals and groups to engage in behaviours that can reduce 

their risk of developing T2DM (Hill et al., 2013). Psychological stress for example, can 

increase the risk of T2DM by mobilising biological responses implicated in the disease, 

including the release of glucose and lipids into circulation, inflammatory cytokine expression, 

and increased blood pressure (Hackett & Steptoe, 2017). While one could take steps to reduce 

or modify their stress levels, this may be challenging if the stress derives from a factor that an 

individual cannot easily control, such as socio-economic status.  

Notwithstanding the environmental antecedents, the most commonly cited modifiable 

risk factors for T2DM are excess body weight, physical inactivity, ‘unhealthy’ diet (e.g., a 

diet that is high in sugar and saturated fat, and low in fruit and vegetable intake), and 

smoking (Diabetes Ireland, 2020b; Diabetes UK, 2020a; Ekoe et al., 2018; Lindström et al., 

2010; WHO, 2021). Obesity, characterised by a Body Mass Index (BMI) of ≥30 kg/m2, is 

often associated with T2DM (Davies et al., 2018; International Diabetes Federation, 2019; 

Malone & Hansen, 2019), and is possibly the strongest modifiable risk factor for the 

development of the insulin resistance that ultimately leads to the development of the disease 

(Bastien et al., 2014). This is likely due to the accumulation of excess fat within adipose 

tissue, skeletal muscle and liver, and ectopic fat within and around major organs, including 

the heart, liver, pancreas, and kidneys, all commonly observed in people with high BMI 

levels (Carbone et al., 2019). While some have argued that visceral (or intra-abdominal) fat 

has the strongest causal relationship with insulin resistance (Lebovitz & Banerji, 2005), 

others suggest that subcutaneous (or peripheral) fat is the major causal factor (Miles & 
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Jensen, 2005). However, according to a recent meta-analysis, both are likely contributors. 

Lee et al. (2017) compared data on BMI, waist circumference, waist-hip ratio, and waist-

height ratio against T2DM incidence. Each measure had a positive association with the 

incidence of the disease. A one standard deviation increase in each of the measures was 

associated with a 64 to 80% higher risk of developing T2DM. Regardless of its complex 

aetiology, obesity remains the outcome of an interplay between the non-modifiable and 

modifiable risk factors for T2DM. Furthermore, extensive international evidence suggests 

that an individual’s dietary and physical activity practices represent the strongest behavioural 

predictors of both obesity and T2DM (American Diabetes Association, 2021b; National 

Institute for Health and Care Excellence, 2019; UK National Screening Committee, 2019). 

1.3. Avenues for the Prevention of Type 2 Diabetes 

 A recent international consensus statement outlined the current global status of T2DM 

prevention and discussed several key forms of intervention that should be implemented to 

halt the disease’s escalating trend (Ibrahim et al., 2018). First, people at risk of developing 

T2DM should be identified using validated non-invasive risk scores that are ethnically and 

culturally tailored. Second, lifestyle interventions should be prescribed with the aim of weight 

reduction and/or weight management to be achieved via nutritional education and the 

encouragement of regular physical activity. Third, diabetes medications can be considered for 

use in the highest risk individuals when lifestyle interventions are not successful. Finally, it 

was recognised that social and environmental factors have significant impact on the 

development of both obesity and T2DM. Disparities exist within global populations where 

individuals, despite having the desire to prevent T2DM, may have limited opportunity to do 

so. Therefore, population-wide policy measures should also be considered. 

While the primary aim of the present research is to inform the development of a 

lifestyle programme, it is important to acknowledge other T2DM prevention strategies that 

could work alongside a digital DPP in Ireland, as implementation of these strategies are not 

necessarily mutually exclusive. Lifestyle interventions for the prevention of T2DM have 

attracted some criticism (e.g., Barry et al., 2015; Barry et al., 2017; Hawkes, 2018; Victor & 

Montori, 2016), seemingly fuelled by the belief that advocates for such interventions actively 

ignore the need to implement population-wide T2DM prevention policies, and thus fail to 

account for socio-economic disparities within and between countries and communities. 

However, preventing T2DM on both a national and global scale will likely require multiple 

avenues of intervention to be operating simultaneously at both the individual (or 
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downstream), and population (upstream) levels. In view of this, the following sections will 

present several T2DM preventive strategies so that lifestyle intervention can be placed within 

a wider public health context.  

1.3.1. Type 2 Diabetes Risk Screening 

To determine one’s overall risk of developing T2DM, several self-screening tools are 

available for people to complete online or in person through a health centre or clinic. These 

commonly take the form of brief questionnaires that, based on the responses given (e.g., age, 

race/ethnicity, BMI, waist circumference, family history, diet, and physical activity habits) 

generate a risk score that indicates one’s level of T2DM risk. Such tools include the Finnish 

Diabetes Risk Score (FINDRISC; Lindström & Tuomilehto, 2003) and the Diabetes UK 

‘Know Your Risk Tool’ (Diabetes UK, 2020b). The FINDRISC is one of the most widely 

applied and accepted risk assessment tools as it is non-invasive, inexpensive, and easy to 

perform with a good sensitivity and specificity (Gabriel et al., 2021). Moreover, it has been 

translated into several languages, and culturally adapted to suit various global populations. 

However, this and other questionnaire-based risk assessments are used to indicate potential 

risk only. They are not diagnostic tools, and therefore cannot confirm nor rule out the 

presence of either T2DM or PDM. However, they may be useful for encouraging people to 

attend a blood test screening for T2DM, or to make immediate lifestyle changes with the aim 

of preventing the disease’s development. 

1.3.2. Pharmacological Measures 

In many cases, adults with T2DM take multiple medications for hyperglycaemia, 

diabetes-associated conditions, and other comorbidities (Kirkman et al., 2015). However, 

medications have also been prescribed for people at risk of T2DM, such as individuals with 

PDM (Yudkin & Montori, 2014). The American Association of Clinical Endocrinologists 

recommend that PDM should be managed through lifestyle change, with medication 

considered only for people with multiple pre-diabetic criteria such as IGT, IFG, and/or 

metabolic syndrome (Garber et al., 2017). In the United Kingdom (UK), the National 

Institute for Health and Care Excellence (NICE) have issued similar recommendations, 

suggesting that lifestyle changes should be encouraged before pharmaceutical options are 

prescribed (Chatterjee et al., 2018). Despite these guidelines, there remains a lack of 

international agreement regarding the specific eligibility criteria for the prescription of 

pharmacological therapy for T2DM prevention (Cefalu et al., 2016; Moin et al., 2018). 

Furthermore, among those who are eligible to receive such therapies, prescription rates are 
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very low, presumably due to the perceived and/or observed side effects of the drugs, and 

reluctance of patients and providers to ‘medicalise’ sub-clinical T2DM (Moin et al., 2015). 

Currently in the UK, both Metformin (a plasma glucose-lowering drug) and Orlistat (an ‘anti-

obesity’ drug that prevents fat absorption in the gastrointestinal tract) are recommended for 

the prevention of T2DM, but only in cases where patients are at particularly high risk, and if 

intensive lifestyle change is not possible, or was ineffective at reducing this risk (NICE, 

2017). In the United States (US), the American Association of Clinical Endocrinologists also 

recommend Metformin, or additionally, Acarbose (another drug that assists in the control of 

blood glucose). However, if blood glucose levels do not normalise, Thiazolidinediones 

(which improve insulin sensitivity) or Glucagon-Like Peptide-1 Receptor Agonists (which 

increase the secretion of insulin from functioning beta cells, and decrease the release of 

glucagon, a peptide hormone that facilitates the release of glucose into the bloodstream) may 

be used with caution (Garber et al., 2017; Jiang & Zhang, 2003). A further range of 

pharmacological strategies have been used for the prevention of T2DM (Smith-Marsh, 2013), 

and while extended discussion of the strategies presented here is beyond the aims and scope 

of this thesis, a brief summary of the oral drug Metformin is warranted due to its popularity 

and consistent evaluation against lifestyle programmes, most of which will be discussed in 

forthcoming sections of this chapter.  

Metformin has been established as the first-line pharmacological option for the 

management and treatment of T2DM for over 50 years, and is the most prescribed glucose-

lowering agent in most countries (Foretz et al., 2019; Pernicova & Korbonits, 2014; Sanchez-

Rangel & Inzucchi, 2017; Wang & Weinshilboum, 2014). It has also been linked with 

improved health outcomes such as BMI reduction and improved cholesterol profile (Bansal, 

2015). In a recent review, Metformin was associated with reduced relative risk of incident 

T2DM, particularly in those at highest risk (e.g., age >60 years, BMI ≥35, and women with a 

history of GDM), and was deemed cost effective in 11 economic analyses (Moin et al., 2018). 

Despite having a good safety profile, commonly reported side effects include mild 

gastrointestinal effects (e.g., diarrhoea, nausea, abdominal pain) and vitamin B12 deficiency 

(Aroda et al., 2016; Foretz et al., 2019). However, these symptoms are generally transient, 

resolve spontaneously, and can be mitigated by gradually increasing the dosage (Diabetes 

Prevention Program Research Group, 2012). The drug has also been linked with lactic 

acidosis, a condition that can be fatal if left untreated (Lalau, 2010). However, a 2010 

Cochrane review concluded that there is no evidence that Metformin is associated with an 
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increased risk of lactic acidosis when compared to other anti‐hyperglycaemic treatments 

(Salpeter et al., 2010).  

1.3.3. Dietary Measures 

 Over the last decade, a range of systematic reviews and meta-analyses have assessed 

the effect of nutritional supplementation and dietary practices on: (a) the risk of T2DM and 

its incidence, and (b) T2DM indicators such as blood glucose levels. The focus of these 

studies can be grouped into separate categories, ranging from the smallest dietary elements 

such as micronutrients (e.g., vitamins and minerals) and macronutrients (e.g., fats, 

carbohydrates, and proteins), up to whole foods and beverages (e.g., potatoes, fruit juice, 

alcohol), food groups (e.g., dairy products), and complete diets (e.g., Mediterranean diet, 

vegetarian eating plans). As myriad reviews and meta-analyses exist in the literature, only 

those which found significant associations between the diets or dietary component(s) under 

study, and reductions in the risk and incidence of T2DM or related biomarkers will be 

presented here. Most studies assessed the dietary components on a dose-response relationship 

with T2DM or compared high versus low intakes of the components and adjusted for 

potential mediators or moderators such as age, sex, smoking, BMI, and physical activity. For 

the sake of brevity, extended details regarding each finding (dosage, frequency, form, 

mechanisms of action etc.) will in most instances, not be discussed. 

 1.3.3.1. Micro and Macronutrient Effects. Meta-analyses found that 

supplementation with the minerals magnesium (Fang et al., 2016) and calcium (Dong & Qin, 

2012) may each independently reduce the incidence of T2DM; as can vitamin C (Hamer & 

Chida, 2007), vitamin E (Hamer & Chida, 2007), catechin, a natural plant phenol and 

antioxidant (Rienks et al., 2018), and common polyphenols in general (Rienks et al., 2018). 

Despite inconclusive results in previous studies, a recent meta-analysis by Zhang et al. (2020) 

found that vitamin D supplementation could reduce the risk of T2DM in people with PDM. 

Additionally, a recent meta-analysis on carnosine (a protein building-block) found that its 

supplementation may improve cardiometabolic risk factors pertinent to T2DM (De Courten et 

al., 2019). Other compounds with reported effects on reducing T2DM incidence are vegetable 

fats (Alhazmi et al., 2012), ruminant trans-palmitoleic acid (de Souza et al., 2015), cereal 

fibre and insoluble fibre (The InterAct Consortium, 2015), and sucrose, when compared 

against other sugars such as fructose (Tsilas et al., 2017).  
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1.3.3.2. Whole Food and Beverage Effects. Meta-analyses on beverage consumption 

found that light-to-moderate alcohol consumption (Li et al., 2016), moderate beer or wine 

consumption (Huang et al., 2017), total coffee (Carlström & Larsson, 2018), caffeinated 

coffee (Ding et al., 2014), decaffeinated coffee (Ding et al., 2014), and tea (Yang et al., 2014) 

were each independently associated with reduced incidence of T2DM. While the findings 

regarding alcohol consumption may seem unexpected given the links between its 

consumption (when in excess) and cirrhosis of the liver–which significantly increases the risk 

of T2DM (Garcia-Compean et al., 2009)–the link between light-to-moderate alcohol 

consumption and reduced T2DM incidence supports previous evidence indicating the 

presence of a U-shaped association between alcohol consumption and the incidence or risk of 

chronic disease (Higashiyama et al., 2013). 

With regards to whole foods and food groups, meta-analyses found that the 

consumption of olive oil (Schwingshackl et al., 2017), oily fish (Zhang et al., 2013), yellow 

vegetables (Wang et al., 2016), whole grains (Schwingshackl et al., 2017), whole grain 

cereals (Aune et al., 2013), whole grain bread (Aune et al., 2013), wheat bran (Aune et al., 

2013), brown rice (Aune et al., 2013), yoghurt (Gijsbers et al., 2016), and chocolate (Yuan et 

al., 2017) each independently reduced the risk or incidence of T2DM. Chocolate, which is 

often labelled an ‘unhealthy snack’ (Smith & Rogers, 2014), had a peak protective dose of 

two 30-gram servings per week. However, the benefit in risk reduction is lost when more 

than six weekly servings are consumed (Yuan et al., 2017). This suggests that chocolate is not 

inherently unhealthy, but like alcoholic beverages, may be detrimental to one’s health when 

consumed in larger amounts. Further to the above findings, a meta-analysis by Nowrouzi-

Sohrabi et al. (2020) found that pistachio nut consumption may significantly reduce fasting 

blood glucose (FBG) in people at risk of T2DM. However, this effect was not present for 

HbA1c. 

1.3.3.3. Complete Diet Strategies. One disadvantage of studying the effects of 

nutrients and foods in isolation is that such research may not capture the effects of one’s 

overall diet (Cespedes & Hu, 2015). In practice, the bioactivity of specific nutrients or foods 

can be nullified by other dietary compounds, while nutrients that have no health benefits in 

isolation could have synergistic effects when combined with other compounds (Jacobs & 

Tapsell, 2007). Acknowledging this, several meta-analyses have assessed a range of diets that 

in most cases were designed to prevent chronic disease. The Mediterranean diet–

characterised by a high consumption of vegetables, olive oil, fruits, cereals and legumes, a 
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low consumption of red or processed meat, and a low-to-moderate consumption of red wine 

during meals (Sofi, 2009)–was found by Koloverou et al. (2014) to reduce the risk and 

incidence of T2DM. Similar effects were found by Schwingshackl and Hoffmann (2015) 

regarding adherence to other diets and eating guides such as the DASH, or Dietary 

Approaches to Stop Hypertension eating guide (e.g., Chiuve et al., 2012; Sacks et al., 2001); 

the HEI, or Healthy Eating Index (Guenther et al., 2013; Kennedy et al., 1995); and the 

AHEI, or Alternate Healthy Eating Index (Chiuve et al., 2012; McCullough et al., 2002). 

Each guide recommends a high intake of fruits, vegetables, nuts and legumes, low-fat dairy 

products, and whole grains, in addition to low intakes of sodium, sugar-sweetened beverages, 

plus red and processed meats. A meta-analysis by Bhupathiraju et al. (2014) found that 

people who consumed a diet that was high on the glycaemic index (GI) or high in glycaemic 

load (GL), and low in cereal fibre had an approximately 50% higher risk of developing 

T2DM than people who consumed a low GI or GL diet. The GI is a ranking of carbohydrates 

according to their effect on postprandial (or post-meal) glycaemia, where a higher ranking 

indicates a stronger effect (Jenkins et al., 1981). The GL represents the amount of 

carbohydrate consumed (e.g., in grams) multiplied by its glycaemic index (Willett et al., 

2002). In their meta-analysis, Lee and Park (2017) found an inverse relationship between 

adherence to a vegetarian diet and the risk of T2DM. This was supported by Qian et al. 

(2019) who found commensurate effects in their meta-analysis on plant-based diets. As no 

meat products are consumed in plant-based diets, these diets share commonalities with the 

Mediterranean, HEI, AHEI and DASH diets in that red or processed meats are eliminated. 

1.3.3.4. Dietary Factors That Increase Type 2 Diabetes Risk. While the preceding 

sections outlined the nutrients, foods, and diets that may reduce the risk and incidence of 

T2DM, several meta-analyses found certain dietary components to increase one’s risk, 

suggesting that reducing the consumption of these components may protect against T2DM. 

These include total cholesterol (Tajima et al., 2014), sugar-sweetened beverages (Imamura et 

al., 2016), artificially-sweetened beverages (Imamura et al., 2016), sugar-sweetened fruit 

juice (Xi et al., 2014), potatoes (Schwingshackl et al., 2019), processed red meat (Pan et al., 

2011), white rice (Aune et al., 2013), and bacon (Micha et al., 2010). Furthermore, routine 

breakfast skipping (Bi et al., 2015) and consuming a diet that is high in acidic load (Jayedi & 

Shab-Bidar, 2018) may also increase the risk of T2DM relative to those who do not skip 

breakfast, and have diets low in acidic load respectively. 
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1.3.4. Physical Activity 

Physical activity is one of the most important factors for improving population health. 

However, it takes many forms, and there is little empirical agreement as to how it is best 

performed and measured, making it challenging to identify what works best (Bauman et al., 

2009). However, several recent meta-analyses aimed to identify the links between physical 

activity (or lack thereof, commonly referred to as sedentary behaviour) and the risk of T2DM. 

In their meta-analysis of leisure time physical activity, Huai et al. (2016) found that high-

level (e.g., >21 metabolic equivalent of task [MET] hours per week, or >1500 kilocalories per 

week) and moderate-level (e.g., 6-21 MET h/week, or 1000-1500 kcal/week) leisure time 

physical activity reduced the incidence of T2DM by 22-39% and 11-30% respectively. Aune 

et al. (2015) assessed various forms of physical activity in their meta-analysis and found that–

when compared with low total physical activity–leisure-time activity; low, moderate and 

vigorous intensity activity; resistance exercise; occupational activity; walking; and 

cardiorespiratory fitness, were each associated with significant reductions in T2DM risk of 

between 15% (when linked with walking) and 55% (when linked with cardiorespiratory 

fitness). However, these risk reductions may be partly mediated by reductions in adiposity. 

The effectiveness of resistance training was assessed by Qadir et al. (2021) who found that, 

when performed two-to-four times per week, such training significantly improved HbA1c, 

FPG, and blood lipid levels (e.g., total cholesterol, high and low density lipoproteins, and 

triglycerides) when compared against a control condition. These results were independent of 

dietary intervention. Jadhav et al. (2017) recruited individuals with PDM, and found that 

participation in structured physical activity programmes, when compared against an active 

control group (e.g., general health advice, monitored walking), had significant effect on oral 

glucose tolerance and FBG, each indicating a reduction in the risk of progression to T2DM. 

A meta-analysis of cardiorespiratory fitness and muscular strength conducted by Tarp et al. 

(2019) found that, after controlling for adiposity and body size, each single unit MET 

increase in cardiorespiratory fitness was associated with an 8% lower relative risk of T2DM. 

Moreover, each single standard deviation increase in muscular strength was associated with a 

13% lower relative risk of T2DM. Finally, sedentary behaviour, when operationalised as 

higher levels of total sitting as well as television viewing time, was found by Patterson et al. 

(2018) to increase the risk for all-cause and CVD mortality, and incidence of T2DM, 

independent of physical activity. This evidence collectively suggests that various forms of 

physical activity can be effective at reducing the risk of T2DM independent of dietary 

behaviours and reductions in body weight. 
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1.3.5. Population Measures 

 Research has demonstrated that T2DM disproportionately affects racial/ethnic 

minority and low-income adult populations, as evidenced by their elevated risk status, and 

higher rate of diabetes-related complications and mortality (Hill-Briggs et al., 2021). This has 

been attributed to uncertain or limited access to adequate safe foods, or a lack of living 

environments conducive to walking or other forms of physical activity (Essien et al., 2016; 

Haire-Joshu & Hill-Briggs, 2019). Given these disparities, national T2DM prevention 

policies may produce significant reductions in disease prevalence by affecting populations 

across the wider socio-economic spectrum, and by reducing the healthy eating and physical 

activity barriers experienced by individuals participating in lifestyle interventions such as a 

DPP (Gregg et al., 2013; Pierse et al., 2021). Population-based prevention strategies are those 

that focus on the whole population regardless of the level of risk, creating public health 

impact through policy implementation, campaigns, and other environmental strategies (Zhou 

et al., 2020). Such strategies were recommended by the WHO in its global status report 

where, it was suggested that to successfully prevent noncommunicable diseases such as 

T2DM, action from multiple sectors is required, such as those related to the production, 

distribution, and marketing of food, and those responsible for shaping an environment that 

facilitates and promotes physical activity (WHO, 2014). 

 Several international studies have assessed the cost-effectiveness of current or 

proposed population-wide strategies to prevent non-communicable diseases such as T2DM. 

These strategies include: (a) the implementation of a sugar-sweetened beverage tax as enacted 

in the US (Basu et al., 2013; Mekonnen et al., 2013), the UK (Breeze et al., 2017), and 

Australia (Cobiac et al., 2017; Veerman et al., 2016); (b) the provision of fruit and vegetable 

subsidies, as also implemented in the US (Basu et al., 2013; Choi et al., 2017) and Australia 

(Cobiac et al., 2017). For example, in the US, people of low-income households on the 

Supplemental Nutrition Assistance Program (SNAP) receive an extra 30-cent benefit for 

every $1 of SNAP benefits spent on fruit and vegetables (Choi et al., 2017); (c) delivering 

public health education and promotion where, in the US for example, community-wide 

interventions were developed to promote walking among sedentary individuals aged 50 to 65 

years using paid media (e.g., television, radio, newspapers, websites, billboards), public 

relations, and public health activities at worksites, churches, and local organisations (Roux et 

al., 2008). In the UK, people residing in the most disadvantaged communities were offered 

diet education and cooking classes (Breeze et al., 2017). Additionally, in Australia, the 
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Travelsmart active transport program targeted households with tailored information (e.g., 

maps of local walking paths) and merchandise (e.g., water bottles, key rings) as incentives for 

reducing the use of cars for transport (Cobiac et al., 2009); and (d) changing the built 

environment, which involves the implementation of initiatives to facilitate an active lifestyle. 

In the US, this included: building bike paths, extending fitness facility hours, opening new 

fitness centres, and establishing cycling clubs, running courses, and organised athletic events 

(Roux et al., 2008). In the UK, this involved improving the food environment by opening 

new supermarkets in disadvantaged urban areas, and increasing healthy food options in 

workplace cafeterias (Breeze et al., 2017). 

A recent systematic review of the cost-effectiveness of these population-wide 

measures in the context of T2DM prevention found that sugar-sweetened beverage taxes were 

cost-saving from both the health care system and governmental perspectives (Zhou et al., 

2020). However, according to this same review, evaluations of these other population-based 

interventions showed inconsistent results. This supports a previous meta-analysis of 

population-wide diabetes and obesity prevention programs which found that–despite 

achieving small reductions in BMI–the implementation of sugar-sweetened beverage taxes, 

menu labelling, grocery store interventions, and multicomponent interventions had very little 

impact on the prevalence of overweight, obesity, or T2DM (Roberts et al., 2019). However, 

the authors concluded that the presence of ‘some’ effect still warrants the implementation of 

these measures in cases where they are both acceptable and affordable. 

1.3.6. Lifestyle Interventions that Combine Diet and Physical Activity  

 Current international guidelines on the prevention of T2DM have been informed, in 

part, by research findings such as those regarding T2DM risk factors and risk screening, 

dietary practices, and physical activity. Examples of these guidelines include: the European 

evidence-based guidelines for the prevention of T2DM, or IMAGE toolkit for the prevention 

of T2DM in Europe (Lindström et al., 2010; Paulweber et al., 2010); Diabetes UK evidence-

based guidelines for the prevention and management of T2DM (Dyson et al., 2018); the 

American Diabetes Association prevention or delay of T2DM standards of medical care 

(American Diabetes Association, 2020a); and the NICE guidelines for the prevention of 

T2DM in people who are at high risk (NICE, 2017). The common thread in these guidelines 

is the call for the implementation of evidence-based lifestyle interventions that focus on 

health behaviour change in the areas of both diet and physical activity, with the aim of 

facilitating weight loss, and where appropriate, smoking cessation. European guidelines 
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further state that these interventions should contain a range of established behaviour change 

techniques (BCTs) such as goal setting, problem solving, social support, and action planning–

each representing an observable, replicable, and irreducible intervention component that can 

be applied to assist people in changing their health behaviours (Michie et al., 2013; 

Paulweber et al., 2010). Such interventions have been deemed ‘best practice’ for individual-

level preventive approaches, a distinction primarily based on findings from a series of 

international landmark diabetes prevention trials and seminal studies (Allende-Vigo, 2015; 

Gillett et al., 2012). These trials, which will be described in detail here, were of great 

significance, paving the way for current DPPs. 

1.4. Landmark Diabetes Prevention Trials 

 Almost three decades ago, the burgeoning global incidence rate of T2DM and 

diabetes-related CVD prompted urgent preventive action in many countries, taking the form 

of large-scale clinical trials of lifestyle interventions and programmes. The aim of these 

programmes was to assist people at high risk of T2DM in achieving and maintaining a 

healthy body weight through improvements in dietary quality and physical activity levels 

(Alberti et al., 2007). 

1.4.1. The Malmö Feasibility Study 

 In one of the first lifestyle intervention studies for T2DM prevention, men aged 47 to 

49 in Malmö, Sweden (41 with early-stage T2DM, and 181 with IGT), identified through a 

screening programme conducted in the years 1975-79, were randomly assigned to either 

receive usual care or complete a lifestyle intervention (Eriksson & Lindgärde, 1990, 1991). 

Approximately 40% of individuals participating in the lifestyle intervention completed six 

months of supervised physical training, and six months of dietary treatment in a randomised 

cross-over design. Those who participated in the lifestyle intervention had a lower incidence 

of T2DM and a greater reversal of glucose intolerance compared with those who received 

usual care. Furthermore, mean body weight among intervention participants was reduced by 

2.3 to 3.7%, whereas those who received usual care increased their body weight by 0.5 to 

1.7%. At 12-year follow-up, the mortality rate among intervention participants with IGT was 

almost half that of those who received usual care, suggesting that a long-term programme 

which includes dietary counselling and physical exercise can reduce mortality among 

individuals at increased risk of developing T2DM (Eriksson & Lindgärde, 1998). 
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1.4.2. Da Qing Study 

 The Da Qing study in China which commenced in 1986, randomly assigned 577 men 

and women with IGT (mean age = 45 years) to a control group or one of three active 

treatment groups (diet only, exercise only, or diet and exercise combined) for a total 

intervention period of six years (Pan et al., 1997). Participants in the diet only group were 

encouraged to consume more vegetables and reduce their simple sugar and overall calorie 

intake, while those in the exercise only group were instructed to increase their leisure-time 

physical activity by one or two units of activity per day. Adjusting for differences in baseline 

BMI and fasting glucose, the diet, exercise, and diet-plus-exercise interventions were 

associated with T2DM risk reductions of 31%, 46%, and 42% respectively. At follow-up of 

23 years, when comparing participants who received any of the interventions versus those in 

the control group respectively, the cumulative incidence of CVD mortality (11.9% versus 

19.6%), all-cause mortality (28.1% versus 38.4%), and T2DM incidence (72.6% versus 

89.9%) was each lower among intervention participants (Li et al., 2014). At 30-year follow-

up, when compared with the control group, the combined intervention group had a median 

delay in T2DM onset of 3.96 years, fewer CVD events, lower incidence of microvascular 

complications, fewer CVD and all-cause deaths, and an increase in life expectancy of 1.44 

years (Gong et al., 2019). All between-group differences were statistically significant, 

suggesting that a combined diet and exercise intervention can lead to sustained T2DM and 

CVD risk reductions.  

1.4.3. Japan Diabetes Prevention Program 

 Commencing in 1990, the Japan Diabetes Prevention Programme (JDPP) randomly 

assigned 356 and 102 middle-aged males with IGT to a lifestyle intervention and active 

control group respectively (Kosaka et al., 2005). Participants in the intervention group were 

provided dietary education, and advised to increase their vegetable intake, decrease their meal 

portion sizes, limit their fat and alcohol intake, and were given individualised advice 

regarding snacks and fruit intake. Additionally, participants were advised to complete 30 to 

40 minutes of moderate exercise each day through walking and bike riding, both for leisure, 

and/or as a part of their daily commute. At four-year follow-up, the cumulative incidence of 

T2DM in the intervention and control groups was 3.0% and 9.3% respectively, and body 

weight reductions were 2.18 kg and 0.39 kg respectively. Additionally, the risk reduction in 

the intervention group was a significant 67.4%. The intervention group’s relatively steep 
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reduction in T2DM despite achieving only modest weight loss suggests that the success of the 

lifestyle intervention cannot be attributed to weight loss alone.  

1.4.4. The Finnish Diabetes Prevention Study 

The Finnish Diabetes Prevention Study (DPS), which commenced its recruitment in 

1993, was the first randomised controlled trial (RCT) to specifically examine the effect of a 

structured lifestyle intervention on the prevention of T2DM (Eriksson et al., 1999; Lindstrom 

et al., 2003; Lindström et al., 2005; Tuomilehto et al., 2001). In this study, 522 adults aged 40 

to 64 years were randomly assigned to a lifestyle intervention group or control group and 

followed for approximately three years. The lifestyle intervention provided participants with 

personalised counselling which focused on increasing physical activity and improving dietary 

behaviours (e.g., increasing fibre intake whilst reducing saturated fat intake) with the aim of 

maintaining a healthy body weight. At two-year follow-up, T2DM incidence in the 

intervention group was less than half of that observed in the control group, and at three years, 

weight reductions in the intervention and control groups were 3.5 kg and 0.9 kg respectively. 

Weight reduction was also associated with T2DM prevention in a linear fashion, with a 5% 

weight reduction from baseline resulting in a 66% risk reduction in T2DM incidence. 

Furthermore, this incidence was inversely proportional to the number and magnitude of 

lifestyle changes made. The DPS research group has since reported that the impact of 

lifestyle changes on body weight, fasting and 2-hour plasma glucose, and diet quality were 

sustained for 13 years after the original intervention had concluded (Lindström et al., 2013). 

1.4.5. The United States Diabetes Prevention Program 

 The Diabetes Prevention Program implemented in the United States (US-DPP) was, at 

the time of commencement in 1996, one of the largest RCTs ever conducted. Furthermore, 

the trial included a large proportion of women (68%) and ethnic minorities (45%), making it 

the most demographically diverse diabetes prevention study to date (Diabetes Prevention 

Program Research Group, 1999, 2000, 2002). In this trial, 3,234 people with elevated fasting 

and post-load plasma glucose concentrations (mean age = 51 years) were randomly assigned 

to receive a placebo, a drug intervention (Metformin), or a lifestyle-modification intervention, 

each with the goals of at least 150 minutes of physical activity per week, and a 7% weight 

loss by programme’s end (Knowler et al., 2002). Participants who received the lifestyle 

intervention lost an average of between 5% and 7% of their baseline body weight after one 

year; and, after an average follow-up of 2.8 years, the incidence of diabetes was 11.0, 7.8, 

and 4.8 cases per 100 person-years in the placebo, Metformin, and lifestyle groups, 
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respectively. The lifestyle intervention and Metformin reduced the incidence of T2DM by 

58% and 31% respectively when compared with the placebo. Furthermore, the lifestyle 

intervention was significantly more effective than Metformin at preventing T2DM. At 15-

year follow-up, T2DM incidence was reduced by 27% and 18% in the lifestyle and 

Metformin groups respectively, compared with the placebo group, suggesting that the effects 

of lifestyle intervention on T2DM can be sustained over an extended period (Diabetes 

Prevention Program Research Group, 2015). Overall, these results suggest that a diet plus 

physical activity lifestyle intervention can be more effective at reducing the long-term risk of 

developing T2DM than Metformin, the most prescribed drug for the management or 

prevention of the disease. 

1.4.6. The Indian Diabetes Prevention Programme 

 The Indian Diabetes Prevention Programme (IDPP) was a prospective community-

based study established in 2001 that tested whether the progression to T2DM could be 

reduced in a population of Asian Indians with IGT who were younger, leaner, and more 

insulin resistant than populations of the Da Qing, Finnish DPS and US-DPP trials 

(Ramachandran et al., 2006). In this study, 531 adults with IGT and a mean age of 45 years 

were randomised to four groups: control, lifestyle modification, Metformin, and lifestyle 

modification plus Metformin. The results showed that progression of IGT to T2DM was high 

in Asian Indians. At three years, both lifestyle modification and Metformin each significantly 

reduced T2DM incidence, but there was no added benefit from combining them. The relative 

risk reduction was 28.5% with lifestyle modification, 26.4% with Metformin and 28.2% with 

lifestyle modification plus metformin. However, unlike what was found in the Finnish DPS 

and US-DPP, body weight change was not significant between groups, suggesting that in 

some populations, T2DM risk can be reduced independent of weight loss, as was observed in 

the JDPP. 

1.5. Type 2 Diabetes Prevention in the Real World 

 These landmark diabetes prevention trials demonstrated the efficacy of intensive 

lifestyle intervention across countries. However, the trials were resource-intensive in terms of 

staffing requirements and financial outlay. For example, the first-year cost alone of delivering 

the US-DPP was US$1,399 per participant (Diabetes Prevention Program Research Group, 

2003a, 2003b). Additionally, the landmark trials contained selective samples that may have 

been highly motivated or had greater opportunity to commit to an intervention of this length 

and adhere to programme guidelines, when compared with the average individual at risk of 
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developing T2DM, particularly those in disadvantaged settings (Cefalu et al., 2016; Johnson 

et al., 2013). Lifestyle and cultural patterns vary substantially across and within communities, 

necessitating the tailoring of interventions to align with regional and ethnic differences if they 

are to achieve effectiveness, acceptability, and sustainability (Brownson et al., 2009). For 

healthcare systems to effectively reduce the public health and economic burden of T2DM, 

these trials needed to be translated into practical, affordable interventions that are deliverable 

in diverse settings, yet still retain a reasonable degree of effectiveness (Schwarz et al., 2012). 

In view of this, national T2DM prevention efforts have since shifted from large-scale 

assessments of efficacy and effectiveness, to the implementation and transferability of DPPs 

into real-world settings (Aziz et al., 2015). 

Implementation researchers seek to understand the factors, processes, and results that 

affect an intervention’s practical application outside of controlled, clinical conditions to 

establish how and why these interventions may work in the real world (Peters et al., 2013). 

This concept of ‘transferability’ refers to the process of applying research results from one 

setting to other similar settings (Jensen, 2006). Healthcare networks in several countries have 

applied the evidence from landmark diabetes prevention trials to develop, implement, and 

assess their own real-world diabetes prevention interventions, targeting those at risk of 

T2DM based on BMI, blood glucose measures, and/or standardised risk assessment scores. 

These interventions provide education and support on healthy eating, physical activity, or a 

combination of both, and in many cases, were delivered to ethnic minority groups, and people 

in disadvantaged communities. Countries that have implemented a translational T2DM 

prevention intervention include Australia (Janus et al., 2012; Laatikainen et al., 2007; Payne 

et al., 2008; Reddy et al., 2011), Canada (Rowan et al., 2016), China (Yin et al., 2018), 

Finland (Absetz et al., 2009; Saaristo et al., 2010), France (Böhme et al., 2020), Germany 

(Kulzer et al., 2009; Zyriax et al., 2014), Greece (Makrilakis et al., 2010), India (Thankappan 

et al., 2018), Iran (Harati et al., 2010), Israel (Endevelt et al., 2015), Japan (Sakane et al., 

2011), Malaysia (Ibrahim et al., 2016), the Netherlands (Mensink et al., 2003; Vermunt et al., 

2012), New Zealand (Simmons et al., 2008), Norway (Nilsen et al., 2011), Poland (Gilis-

Januszewska et al., 2011), Spain (Costa et al., 2012), Thailand (Oba et al., 2011), the UK 

(Bhopal et al., 2014; Penn et al., 2013; Penn et al., 2009; Yates et al., 2009), and the US 

(Ackermann et al., 2008; Boltri et al., 2008; Davis-Smith et al., 2007; Faridi et al., 2010; 

Kanaya et al., 2012; Katula et al., 2011; Kramer et al., 2009; Ockene et al., 2012; Parikh et 

al., 2010).  
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 Several systematic reviews and meta-analyses have shown that these translational 

T2DM prevention interventions, when delivered in real-world settings, are effective for 

promoting weight loss and reductions in T2DM risk, performing significantly better than 

control conditions (Ali et al., 2012; Ashra et al., 2015; Cardona-Morrell et al., 2010; Dunkley 

et al., 2014; Galaviz et al., 2018; Mudaliar et al., 2016; Pronk, 2016; Shirinzadeh et al., 2019; 

Whittemore, 2011). Settings in which the interventions were delivered include outpatient 

clinical settings, workplaces, churches, and community centres, and results were most often 

similar whether the programme was delivered by a healthcare professional (HCP) or by non-

medical (or lay) personnel, the latter resulting in comparable results at a reduced cost of 

delivery. Despite improvements in weight and T2DM risk, the effects on blood glucose 

outcomes were mixed, as some analyses found significant improvements in blood glucose 

measures, while others reported negligible change. Reviews that assessed the effect of T2DM 

prevention interventions on cardiometabolic risk factor markers (e.g., systolic and diastolic 

blood pressure, total cholesterol, low and high density lipoprotein cholesterol, and 

triglyceride levels) reported significant improvements in these factors, resulting in a reduced 

risk of CVD (Mudaliar et al., 2016; Pronk, 2016). However, according to a systematic review 

by Selph et al. (2015), the effect of these interventions on all-cause and cardiovascular 

mortality risk remains unclear. The reason for a lack of evidence regarding mortality risk 

after lifestyle intervention in real-world settings could be due to the lack of longitudinal data. 

According to Uusitupa (2019), findings of follow-up studies from the landmark diabetes 

prevention trials such as the Da Qing Study suggest that it can take up to 15 years before any 

beneficial intervention effects on morbidity or mortality can be found. 

1.5.1. Translational National Diabetes Prevention Programmes 

Most translational T2DM prevention interventions described in the literature were 

modelled after the US-DPP or Finnish DPS. However, many of the interventions 

implemented internationally are not part of a wide-reaching national DPP. In the years 

following the release of each landmark trial’s initial results, national real-world DPPs were 

developed and implemented in both the US and the UK. These programmes are: (1) the US 

National Diabetes Prevention Program (US NDPP; Centers for Disease Control and 

Prevention [CDC], 2021a); and (2) the NHS Diabetes Prevention Programme (NHS-DPP) in 

the UK (NHS England, 2019a). These programmes will be discussed in the following 

sections. However, as Ireland shares more similarities with the UK than the US regarding 

healthcare structure, geographical location and size, demographic profile, and population 
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size, the NHS-DPP will be discussed in greater detail as it may be the more appropriate 

programme on which to model a national Irish DPP. 

1.5.1.1. The US National Diabetes Prevention Program. The US NDPP (CDC, 

2021a) was developed in 2010 to address the increasing burden of T2DM and PDM. This 

national programme, which was modelled after the US-DPP, created partnerships between 

public and private organisations to offer a CDC-recognised diabetes prevention lifestyle 

change programme which focused on healthy eating and physical activity. For an 

organisation to receive accreditation as a certified programme provider endorsed by the CDC, 

at least five participants must have completed the programme with an average weight loss of 

at least 5% of baseline (CDC, 2018). The programme runs for one year, where for the first six 

months (referred to as the ‘core program’), participants meet in a group once per week, and in 

the second six months (the ‘maintenance program’), they meet once or twice per month. The 

maintenance period is optional but highly recommended. To be eligible for the US NDPP, 

individuals must be aged 18 years or older with a BMI of ≥25; and have been either: (a) 

diagnosed with PDM via blood test, (b) previously diagnosed with GDM, or (c) classified as 

‘high risk’ according to a recognised T2DM risk screening tool. To enrol, individuals either 

pay a proportion of the cost or may participate at no cost through their health insurance 

provider or employer. Adults aged 65 years or older who are registered with Medicare, can 

participate in the Medicare Diabetes Prevention Program (MDPP), a two-year version of the 

NDPP designed specifically for older adults (CDC, 2021c). 

According to the CDC (2021e), key components of the NDPP and MDPP include: (a) 

a CDC-approved curriculum with lessons (delivered in a classroom format), handouts, and 

other resources to help participants make healthy changes (see CDC, 2021f); (b) support from 

a lifestyle coach (e.g., qualified dietitian, exercise physiologist, behavioural psychologist, 

health educator) to encourage participants to learn new skills, set and meet goals, and stay 

motivated. The coach also facilitates discussions to make the programme fun and engaging; 

and (c) a support group of people with similar goals and challenges. This is to share ideas, 

celebrate successes, and work to overcome obstacles. The primary goal of both programmes 

is a weight loss of 5% of baseline. 

Several systematic reviews and meta-analyses have assessed the efficacy and cost-

effectiveness of the US NDPP. The programme has achieved an average weight loss of 4%, 

where each additional lifestyle session attended was associated with a 0.26% point increase in 
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the amount of weight lost (Ali et al., 2012). When compared against usual care, the 

programme achieved an additionally significant 2.2% weight loss, and a significant reduction 

in T2DM incidence at a risk ratio of 0.59 (Pronk, 2016). Furthermore, the goals of 5% weight 

loss and 150 minutes of physical activity per week were met by 35.5% and 41.8% of 

participants respectively (Ely et al., 2017). A more recent meta-analysis by Mudaliar et al., 

(2016) found, based on evidence from 44 studies, that the programme achieved clinically 

meaningful weight and cardiometabolic health improvements. This included an average 

weight loss of 3.77 kg and 5.43 kg by those who completed the core program and core-plus-

maintenance programs respectively, and significant reductions in HbA1c and FBG. A cost-

effectiveness analysis of the US NDPP when delivered to 847 low-income individuals 

reported the programme cost to be US$915 per participant (Gilmer et al., 2018). Additionally, 

the incremental cost-effectiveness ratio was estimated at US$14,011 per quality-adjusted life 

year (QALY). This collective evidence suggests that, although the US NDPP has not 

achieved the same level of weight loss as the US-DPP, with just over one third achieving the 

5% weight loss goal, the results are still clinically meaningful. Furthermore, at a per-person 

running cost of approximately half that of the US-DPP (US$915 versus US$1,866), the US 

NDPP is comparable to its predecessor with regards to cost-effectiveness (Gilmer et al., 

2018). 

Despite its achievements, the US NDPP has experienced challenges with regards to 

participant engagement. According to the review by Mudaliar et al. (2016), 25.5% of eligible 

participants did not enrol, and of those who did, 23.8% dropped out of the programme prior 

to completion. A recent qualitative study by Ritchie et al. (2021) reported four main themes 

regarding barriers to participation as perceived by the programme’s participants. These were: 

(1) challenges with scheduling and planning (e.g., work, school, and caregiving 

responsibilities; and unspecified competing priorities), (2) challenges travelling to and from 

class (e.g., bad weather, lack of transport), (3) challenges with changing health behaviour 

(e.g., low motivation and/or self-efficacy, lack of support from family or friends, lack of 

knowledge and/or resources for health behaviour change), and (4) other miscellaneous health 

concerns. 

1.5.1.2. The NHS Diabetes Prevention Programme. The UK’s NHS-DPP was 

originally announced in 2014 and remains the largest DPP in the world to achieve universal 

national coverage. The following sections will present a brief history of the programme, its 
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service specifications, and a summary of findings from several studies that assessed the 

programme’s performance to date. 

 1.5.1.2.1. Programme History. One of the first real-world DPPs to operate within the 

UK was assessed in a cluster RCT that commenced in 2009 (Gray et al., 2012). This 

programme would pave the way for the NHS-DPP. Labelled the ‘Let’s Prevent Diabetes’ 

structured education programme (Davies et al., 2016), it was developed to meet the need for 

an evidence-based DPP, implemented within the NHS, which adheres to NICE 

recommendations. Let’s Prevent Diabetes was based on ‘DESMOND’ (Diabetes Education 

and Self-Management for Ongoing and Newly Diagnosed), a programme for people with 

newly diagnosed T2DM (Davies et al., 2008). The Let’s Prevent programme was a simple 

six-hour structured group education session, with three-hour refresher sessions at 12 and 24 

months later. Additionally, participants received telephone calls every three months from 

nursing staff trained to offer ongoing support in behaviour change and encourage participants 

in achieving empowerment with regards to meeting their individual goals. In its cluster RCT 

of 44 general practices and 888 adult participants, Let’s Prevent Diabetes achieved a 26% 

reduced risk of developing T2DM in the intervention arm compared to standard care at three-

year follow-up (Davies et al., 2016). However, this result was not statistically significant. 

Despite this modest effect, the intervention was relatively inexpensive to run at a cost of just 

£168 per participant over three years (Leal et al., 2017). Further analysis found that the 

results of the trial were directly influenced by participant engagement, as 29% did not attend 

the initial session. Moreover, participants who attended one refresher session versus all 

refresher sessions were respectively 62% and 88% less likely to develop T2DM than those 

who received standard care (Gray et al., 2016), suggesting that engagement was a 

contributing factor to the intervention’s effectiveness. 

In a bid to increase and extend T2DM prevention efforts throughout the UK, the 

NHS-DPP, also known as the ‘Healthier You: NHS Diabetes Prevention Programme’, was 

jointly conceived by NHS England (2021b) and Diabetes UK (2021a). The programme 

identifies people at risk of developing T2DM and refers them onto a nine-month, evidence-

based lifestyle change programme where they receive face-to-face personalised support to 

manage their weight, eat more healthily and be more physically active, all with the aim of 

reducing their risk status (Haste et al., 2016; NHS England, 2021b). The development, 

implementation, and evaluation of this programme was guided by the UK’s Medical 

Research Council (MRC) framework for developing and evaluating complex interventions 
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(Craig et al., 2008; Penn et al., 2018), and informed by a systematic review and meta-analysis 

commissioned by Public Health England, which assessed the effectiveness of T2DM 

prevention interventions in routine practice (Ashra et al., 2015). This meta-analysis, which 

was an update of a 2012 meta-analysis conducted by Dunkley et al. (2014), included 36 

studies of real-world T2DM prevention interventions from 11 different countries. The 

analysis found that the interventions reduced the progression of T2DM among those at risk 

by a significant 26% when compared with usual care. Furthermore, interventions modelled on 

either the US-DPP or Finnish DPS were more effective than those that used a different 

evidence-base. The authors also found a positive association between the number of NICE 

and IMAGE guidelines the interventions adhered to, and improvements in body weight and 

blood glucose measures (Ashra et al., 2015), suggesting that T2DM prevention interventions 

may be more effective when they adhere to international evidence-based guidelines. 

1.5.1.2.2. Programme Design and Service Specifications. Health service providers 

selected to deliver the NHS-DPP are required to adhere to a set of programme design and 

service specifications (NHS England, 2019b). According to the specifications, the NHS-DPP 

is available for individuals aged 18 and over who have ‘non-diabetic hyperglycaemia’ (an 

alternative label for PDM) as confirmed via HbA1c or FPG test. Over nine months, 13 group-

based sessions of between one and two hours in duration must be delivered by qualified 

health professionals (e.g., dietitian, health psychologist, or physical activity instructor) for an 

average total contact time of 16 hours. Consistent weight loss should be encouraged with a 

goal of at least 5% to be achieved by programme’s end. This will be supported through 

dietary education informed by the national Eatwell Guide (see NHS England, 2021a), and 

physical activity support in adherence with the national ‘Start Active, Stay Active’ guidelines 

(see Department of Health, 2011). Brief intervention on the benefits of smoking cessation 

should also be offered where appropriate. As a minimum, the provider should deliver all of 

the BCTs listed in the NICE public health recommendations (NICE, 2017). 

1.5.1.2.3. Implementation Findings. Despite its relatively recent implementation, 

researchers involved in assessing the NHS-DPP have disseminated preliminary results which, 

from an efficacy perspective, are encouraging. In a recent cohort study of people who had 

enrolled in the programme between 2016 and 2019, participants lost an average of 3.2 kg 

(3.8% of baseline body weight) and 3.6 kg (4.2%) at six months and programme completion 

respectively (Marsden et al., 2022), and of those with non-diabetic hyperglycaemia at initial 

assessment, 60% and 68% had measures in the normal range at six months and completion 
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respectively. With regards to the programme recommendation of 5% weight loss, a further 

study found that 37% of participants achieved this goal (Valabhji et al., 2020). 

Despite these encouraging results, additional findings uncovered aspects of the 

programme that need improvement which, if addressed, could boost the programme’s 

effectiveness. Engaging with individuals eligible to participate has been challenging, with 

less than half of those referred to the programme attending initial assessment, and even less 

signing on to participate (Barron et al., 2018; Frempong et al., 2021; Stokes et al., 2019). 

According to Marsden et al. (2022), of the 99,131 people who attended the initial assessment, 

only 36,614 (36.9%) remained in the programme for the first six months, and 22,697 

remained in the programme until completion (or 22.9% of those initially assessed, and 62% 

of those who completed the first six months). Participants who remained in the programme 

for six months and to completion were, on average, slightly older and less socio-

economically disadvantaged, more likely to be white, and more likely to be retired. This low 

rate of retention and completion was also found in an earlier NHS-DPP outcomes study by 

Valabhji et al. (2020) who reported that, of all people referred to the programme, 53% 

attended the initial assessment and 19% completed the programme, when completion was 

defined by a session attendance rate of >60%. A qualitative study by Begum et al. (2022) 

explored the reasons for this lack of engagement with the programme. Several participants 

reported accessibility issues, such as difficulties booking initial assessments, and lack of 

contact, organisation, and support from service providers. Participants also found it difficult 

to attend sessions due to scheduling conflicts, work/life commitments, and the distance 

required to travel. These findings supported those presented by Hawkes et al. (2020) who 

found that poor scheduling and lack of resources led to negative participant experiences. In 

this same study, interactive and visual activities delivered in small groups of 10-15 people 

with good rapport, were facilitators of positive participant experiences. 

A further challenge to the successful implementation of the NHS-DPP was the lack of 

fidelity in the programme’s delivery against the programme design and service specifications. 

Fidelity refers to the extent to which an intervention is delivered as intended, and is an 

important consideration when assessing an intervention’s efficacy, as an absence of 

significant effects could be due to substandard delivery, rather than poor intervention quality 

(Carroll et al., 2007; Schinckus et al., 2021). French et al. (2021) found that only 37% of the 

mandatory 19 BCTs were being delivered, mostly due to poor translation between the 

specification document and programme manuals. Furthermore, BCTs designed to improve 
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self-regulation of behaviour such as techniques involving problem solving and self-

monitoring of behaviour, were substantially under-delivered, as was goal setting, a BCT 

which is considered vital for the prevention of T2DM (Begum et al., 2020; French et al., 

2021; Hawkes et al., 2022). This represents a missed opportunity to facilitate participant 

engagement and retention, as a systematic review of 33 international T2DM prevention 

interventions conducted by Begum et al. (2020) found that problem solving was a key BCT 

used by programmes that reported high retention rates. This suggests that programme fidelity 

could be positively associated with engagement. It must be noted however, that despite only 

committing to the delivery of 74% of the specified BCTs, several NHS-DPP providers still 

delivered a large number of BCTs, in some cases exceeding the amount outlined in the 

specifications (Hawkes et al., 2020). This could be a result of individual providers lacking the 

training and/or knowledge to deliver certain BCTs, efforts made by providers to tailor the 

programme’s delivery to suit their cohort, or the outcome of perceived pressure to meet other 

key performance indicators such as enrolment numbers, which can alter the group dynamic 

and affect service delivery (Hawkes et al., 2020). 

Considering the challenges and limitations of face-to-face service delivery, alternative 

modes of delivery for DPPs such as those utilising digital technologies have been proposed, 

specifically to overcome the barriers to participant attendance in both the US NDPP and 

NHS-DPP. Globalisation and the rapid growth in digital technologies over the last two 

decades has revolutionised the way that organisations perform and interact internationally, 

and these technologies can address some of the challenges faced by health systems in terms 

of the availability, quality, and financing of health care (Sharmin et al., 2017). The following 

sections will outline the current state of digital technologies in Ireland and internationally, 

both in general and in relation to health care and T2DM prevention.  

1.6. Digital Technologies 

 According to a global overview report released in January 2022 (Kemp, 2022b), 5.31 

billion people or 67.1% of the global population currently use a mobile device (e.g., 

smartphone, electronic tablet), and 4.9 billion (62.5%) use the internet, with 92.1% of all 

users accessing the internet via their mobile device. Smartphones, laptop computers, and 

tablets are the most adopted digital devices worldwide, used by 90%, 83%, and 64% of 

respondents respectively, according to a recent global survey (Deloitte, 2020). Furthermore, 

smartphone penetration was highest among those aged 25 to 54 at an adoption rate of 93%, 

while the highest rate of growth over 12 months was among the 55 to 64-year age group, 



28 
 

moving from 87% usership, up to 91%. Usership among the oldest surveyed age group (64 to 

75 years) was also relatively high at 84% (Deloitte, 2020). 

Recent Irish data indicates that 97.8% of the country’s population currently use a 

mobile device, and 99% use the internet (Kemp, 2022a), with smartphones, computers 

(includes desktop and laptop), and tablets used by 95.4%, 77.4%, and 50.1% of the 

population respectively (Kemp, 2022c). People in Ireland spend, on average, six and a half 

hours per day using the internet across all devices, half of which is accessed via smartphone 

(Kemp, 2022c). While digital technology use is relatively high in Ireland, some disparities 

remain between demographic groups separated by age, area of residence, and socio-economic 

status. In a 2019 survey (ComReg, 2019), 85% to 86% of all phones owned by people 

residing in urban areas were smartphones, compared to 69% to 78% among rural residents. 

Among those aged 18 to 49 who own phones, approximately 94% were smartphones. 

Adoption figures were lower among those aged 50 to 64 (78% smartphone adoption) and 65 

and over (47% adoption). However, adoption rates among these age groups are expected to 

rise rapidly, in line with global figures. With regards to socio-economic class, 92% of people 

in Ireland’s class ABC1 (considered the upper-middle class) owed a smartphone, compared 

with those in class C2DE (considered the working class) at 79%. Finally, 34.5% of urban 

residents have experienced service issues (no signal, poor signal, or insufficient coverage) 

compared to 49.5% of rural residents. To improve service coverage across the country, the 

Irish government enacted the National Broadband Plan in 2020, which aims to grant 95% of 

Irish premises access to high-speed broadband by the year 2025 (Department of the 

Environment Climate and Communications, 2020). This plan, which will facilitate 

improvements to the digital infrastructure over the coming years, could greatly benefit the 

health technology sector in Ireland.  

1.7. Digital Health Technologies 

 Digital health (also known as eHealth, electronic health or connected health) has been 

defined by Kostkova (2015) as ‘the use of information and communications technologies to 

improve human health, healthcare services, and wellness for individuals and across 

populations’ (p. 1). The digital health environment contains a range of digital health 

technology (DHT) categories such as mHealth (or mobile health), telehealth, telemedicine, 

internet-of-medical things, health information technology, and personalised medicine 

(Lupton, 2013, 2014; Omboni, 2019; US Food and Drug Administration, 2020). According to 

international surveys (Grand View Research, 2021) the global digital health market size was 



29 
 

valued at US$96.5 billion in 2020 and is expected to grow at a compound rate of 15.1% every 

year, with a steeper upward swing from previous years due to the rapid rise in digital health 

development and application as a result of the COVID-19 pandemic. Mobile health has the 

largest market share of all digital health categories at 47%, maintaining this share through 

rapid widespread adoption of mobile and/or wireless devices (such as smartphones and smart 

watches), global positioning systems (GPS) and Bluetooth technologies, which are all used to 

facilitate the improvement of global health outcomes (Cameron et al., 2017; Grand View 

Research, 2021). 

In Ireland, 41.1% of people use the internet to research health issues and products 

(Kemp, 2022c). For wearable technologies, 29% of Irish residents own a fitness band, and 

16% own a smart watch (Deloitte, 2020). While there is a paucity of Irish data on the use of 

mobile health smartphone applications or ‘apps’, US studies found that almost 60% of 

smartphone users have downloaded a health app, most often with the aim of improving 

physical activity and fitness, increasing fruit and vegetable consumption, and facilitating 

weight loss (Carroll et al., 2017; Krebs & Duncan, 2015). 

 Digital health innovations are being used to support the needs of healthcare systems 

worldwide. Such innovations include interventions for the general public, patients, health 

care workers, health system managers, and data services, all of which involve interactions 

within the healthcare system, as well as the extended social, legal, political, and economic 

environments (Van Velthoven & Cordon, 2019; WHO, 2018). Although digital health 

services may be less accessible for certain populations, such as people with low incomes, 

education, and literacy; ethnic minorities; and residents of rural areas (Latulippe et al., 2017), 

digital health offers numerous benefits that may have farther reach as countries implement 

national policies to reduce disparities in digital health access. 

1.7.1. Benefits of Digital Health Technologies 

Digital health can help to identify health risks, and assist with the diagnosis, 

treatment, and monitoring of health and disease conditions. It can also provide novel ways to 

capture continuous data on individuals and populations that complement the episodic data 

obtained through traditional healthcare approaches (Coravos et al., 2019; Perakslis & 

Ginsburg, 2021). This continuous data recording is potentially lifesaving. For example, 

wearable sensors can monitor the cardiac activity of a person with T2DM in real time, 

alerting them, their physician, or a family member to a potentially significant arrhythmia 
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(Evangelista et al., 2019). Another benefit of digital health delivery is that it can save time 

and effort, offering cost-effective alternatives to traditional face-to-face interventions 

(Jandoo, 2020). Additionally, digital health technologies can facilitate on-the-spot testing for 

various diseases, eliminating the need to send samples to a laboratory and wait for the results 

(WHO, 2019b). Giving patients access to DHTs facilitates empowerment, providing them the 

opportunity to self-manage their condition and make personal choices regarding their care 

plan (Imison et al., 2016). This benefits the healthcare system as it encourages self-service, 

freeing up resources to prioritise individuals who require more urgent care, and/or those who 

are unable to access DHTs. 

Another strength of DHTs is their potential to deliver health interventions at a high 

level of fidelity whilst allowing patients the flexibility to engage with the intervention on 

their own terms (Gan et al., 2021; Moller et al., 2017). Maintaining a high level of fidelity is 

important, as this fidelity has been identified as essential for intervention effectiveness 

(Hankonen, 2021). Despite the call for high fidelity interventions, allowing people flexibility 

in how they receive messages and interact with an intervention is highly valuable, as 

personalised or ‘tailored’ health care is often more engaging and effective than less flexible 

interventions (Lustria et al., 2013; Ryan et al., 2019). Digital health interventions have an 

advantage, as variability can be purposefully programmed into the intervention, allowing a 

single intervention to be delivered differently to each patient without compromising its 

fidelity. 

1.7.2. Challenges for Digital Health Interventions 

 Despite the benefits of digital health, there are several key challenges to the successful 

implementation of digital health interventions. First, many widely-disseminated digital health 

interventions are not theory-based, and lack clear use of evidence-based BCTs and clinical 

guidelines, which may therefore limit their effectiveness (Nikolaou & Lean, 2017; Rivera et 

al., 2016). Second, interventions assessed via RCT often examine full intervention packages 

but do not test individual components, making it difficult to ascertain which components 

work best and in what context (Arigo et al., 2019). Third, the speed at which technologies 

evolve often exceeds the speed of evaluation, so by the time research evidence is 

disseminated, the technologies may be obsolete and no longer useful (Murray et al., 2016). 

Finally, while they may be viewed as more practical and convenient than face-to-face 

interventions, digital health interventions are still prone to engagement and retention issues 

(Arigo et al., 2019). For example, a recent meta-analysis of smartphone app-based 
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interventions for chronic conditions reported a pooled dropout rate of 43% (Meyerowitz-Katz 

et al., 2020). Poor engagement can limit an intervention’s effectiveness, as consistent 

usership is a prerequisite for the intervention to achieve positive health outcomes (Alkhaldi et 

al., 2017). 

 It has been stated that approximately 80% of digital health projects fail due to 

uncertainty, abandonment, and lack of willingness to adopt at both the individual and 

organisational level (Greenhalgh, 2018; Greenhalgh et al., 2017). Non-adoption and 

abandonment are particularly common at the service provider and end user levels. According 

to HCPs, barriers to DHT adoption include poor integration of the technologies within 

existing clinical workflows (Hanley et al., 2013), lack of available resources to support both 

digital and traditional health care services (Grant et al., 2012), scepticism regarding data 

accuracy and the efficacy of DHTs (DeAlleaume et al., 2015; Fagerlund et al., 2019), 

technical issues and steep learning curves required to use DHTs (Jung et al., 2021; Vedanthan 

et al., 2015), and lack of health care system support (Lennon et al., 2017). At the patient 

level, adoption barriers include: lack of perceived usefulness of the technologies (Slevin et 

al., 2019); low perceived usability of the technologies (Whitelaw et al., 2021); a preference 

for traditional health care and face-to-face consultations (Wilson et al., 2021); physical 

challenges, such as limited eyesight and hearing, or reductions in fine motor control (e.g., 

hand trembling), particularly among older adults (Mishuris et al., 2015; Nymberg et al., 

2019); and information privacy concerns (Tieu et al., 2015). 

 In light of these and other challenges, the WHO (2019b) released a series of 

recommendations regarding the use of digital interventions within global health systems. 

Additionally, individual countries have developed their own national digital health action 

frameworks that outline plans and strategies to improve national health care through the use 

of DHTs (e.g., Australian Digital Health Agency, 2021; NHS England, 2018). In February 

2022, the Government of Ireland released the ‘Digital Ireland Framework’, outlining 

strategies to assist Ireland in becoming a European and global leader in digital developments 

(Government of Ireland, 2022). This follows the ‘eHealth strategy for Ireland’ (Department 

of Health, 2013), and ‘eHealth knowledge and information strategy’ (Health Service 

Executive, 2015) published in 2013 and 2015 respectively. More recently, the Irish 

Department of Health published the Sláintecare implementation strategy, which included an 

action plan and progress reports outlining the step-by-step implementation of the national 

eHealth programme over a three year period, due to end in 2023 (Department of Health, 
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2021a, 2021b). Given the Irish government’s support of a digital health ecosystem, and the 

country’s partnership with enterprise–where, for example, 14 of the world’s top 15 medical 

technology companies have operations in Ireland (Ardill, 2019)–the implementation of a 

national digital DPP in Ireland is eminently feasible. Furthermore, developers of this 

programme will have the benefit of hindsight, as other countries have already implemented 

their own independent technology-driven T2DM prevention interventions or national digital 

DPPs. 

1.8. Digital Health Interventions for the Prevention of Type 2 Diabetes 

 Building on the success of the landmark diabetes prevention trials and encouraging 

results from the translational T2DM prevention interventions, digital versions of these 

interventions were developed as scalable and sustainable solutions for T2DM risk reduction. 

The remote, digital delivery of diabetes education and support sought to overcome the uptake 

and attendance barriers frequently reported in face-to-face programmes, while simultaneously 

minimising the cost of delivery (Grock et al., 2017). Digital T2DM prevention interventions 

can utilise a range of technologies such as smartphone apps, smartwatches, websites, 

videoconferencing, automated telephone calls, short message service (SMS) text messaging, 

and DVDs; and programmes can be wholly automated with no human contact, or contain 

online support from a health coach and other participants, much like that offered in the US 

NDPP and NHS-DPP (Joiner et al., 2017). These interventions can also be classified as either 

low-intensive, such as those using only simple text messages to educate and motivate; or 

high-intensive, such as those that use smartphone apps and websites to deliver educational 

multimedia content and facilitate diet plus physical activity tracking, support, and feedback.  

 In one example of a relatively low-intensity digital T2DM prevention intervention, 

Wong et al. (2013) delivered an SMS intervention to Chinese professional drivers with IGT. 

In this study, the researchers randomised 104 adults to either an intervention group, or a 

control group who received standard care from their general practitioner (GP). Over a period 

of two years, intervention participants received text messages at varying intervals (starting at 

three per week, tapering down to one per month), which included information about T2DM 

and PDM, information about lifestyle modification (e.g., healthy eating and physical 

activity), social norm statements on how others appreciate lifestyle modification, and self-

efficacy enhancing messages. At 12 months, 5.56% of the intervention participants developed 

T2DM compared to 16% in the control group, and at 24 months, the intervention managed to 

reduce the onset of T2DM by 5.05%. However, this latter figure was not significant. Despite 
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modest results, the intervention was inexpensive to sustain, incurring an average cost of only 

US$42 per participant over two years (Wong et al., 2016), and the money saved by treating 

less T2DM cases offset the cost of the intervention, resulting in an estimated US$118 saving 

per participant over two years. Furthermore, in a lifetime cost-effectiveness model, the 

additional QALYs gained through the intervention over the control condition equated to a 

saving of US$1,020 per person (Wong et al., 2016). 

 On the high end of the intervention intensity spectrum, a digital translation of the US 

NDPP was assessed by Sepah at al. (2014). In this single-arm study, 220 participants with a 

recent diagnosis of PDM underwent a core 16-week intensive lifestyle change intervention 

followed by a maintenance intervention which collectively totalled 12 months. During the 

core intervention, participants completed a series of online weekly lessons on topics such as 

healthy eating and physical activity. All participants received a wireless scale and a 

pedometer to track their weight and steps respectively. Participants also had access to an 

online social network that facilitated peer-to-peer interaction, and remote online support from 

a health coach. At 16 weeks and 12 months, participants had lost an average of 5.0-5.4% and 

4.8-5.2% of their baseline body weight respectively. Moreover, 50% and 47% of participants 

achieved the 5% weight loss benchmark at 16 weeks and 12 months respectively, and weight 

loss was sustained at three-year follow-up. However, this figure had steadied at 3% (Sepah et 

al., 2017). An economic study of the same intervention delivered to 1,121 older adults 

estimated the programme cost to be US$1,300 per participant over three years (Chen et al., 

2016). Using a Markov-based microsimulation model to simulate the impact of weight loss 

on future health states and medical expenditures, Chen et al. (2016) estimated the gross per 

capita medical expenditure savings over a cumulative 10 years to be US$11,550 in a partial 

weight regain scenario and US$14,200 in a sustained weight loss scenario. 

 While these two interventions represent opposite dimensions on both the intensity and 

operating cost spectrums, other programmes have been implemented internationally, many of 

which vary substantially with regards to their duration, mode of delivery, and level of human 

interaction and support. To date, two meta-analyses have assessed the effectiveness of digital 

T2DM prevention interventions. In the first meta-analysis, Bian et al. (2017) assessed 15 

studies of technology-mediated diabetes prevention interventions for their effect on body 

weight. Based on data from 18 cohorts, the interventions were effective at decreasing body 

weight by an average of 3.67 kg. When the studies were categorised by evidence base, those 

based on the US NDPP achieved an average weight loss of 4.81 kg compared to the 2.44 kg 
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achieved by those interventions not based on the programme. Although intervention duration 

across all studies ranged between 12 weeks to 24 months, the authors found no effect of 

intervention duration on weight loss outcomes. This was not consistent with a meta-analysis 

of face-to-face translational DPPs conducted by Ali et al. (2012) who found longer duration 

interventions to be more effective than those with shorter follow-ups. A limitation of this 

meta-analysis by Bian et al. (2017) was the use of absolute weight loss as its primary 

outcome, as it does not consider the baseline weight of participants. Therefore, it is unknown 

how successful the interventions were in meeting the 5% weight loss benchmark. 

In a second meta-analysis, Joiner et al. (2017) assessed 26 eHealth-delivered lifestyle 

interventions based only on the US NDPP. The estimated overall effect across all 

interventions was a 3.98% reduction in baseline body weight at 15 months of follow-up. The 

authors also found that stand-alone interventions which did not include support from a health 

coach achieved less weight loss at 15 months (at 3.34%) than those interventions which 

included behavioural support from a health coach delivered either remotely (4.31% weight 

loss) or in-person (4.65% weight loss). However, this meta-analysis had the limitation of 

excluding interventions not based on the US NDPP. Moreover, the follow-up period of 

studies ranged from 3 to 15 months, and the authors did not report the effect of intervention 

duration on weight loss. 

 In both meta-analyses, average rates of attrition across interventions were relatively 

low, at 18% in the Joiner et al. (2017) study, and 20% in the Bian et al. (2017) study. 

However, these figures do not consider differences in the level of user engagement with each 

intervention, such the number of lessons attended, videos watched, phone calls completed, or 

steps logged. Therefore, despite ongoing participation in the intervention, engagement levels 

could have varied substantially, with several participants not using the programme to its full 

potential. In view of this, the authors of both studies conceded that future research is required 

to identify which intervention components are the most engaging and effective in achieving 

improved health outcomes (Bian et al., 2017; Joiner et al., 2017). A further limitation of these 

meta-analyses was the inclusion of interventions that were delivered in real time by a human 

coach either via phone or teleconference. Although these interventions did use ‘digital’ 

communication tools, such interventions are not ‘technology-driven’. Rather, the intervention 

protocols were identical to that of their face-to-face counterparts, and the technologies were 

non-essential facilitators of the intervention’s delivery. No review to date has exclusively 
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assessed technology-driven T2DM prevention interventions nor identified the active 

ingredients of these interventions. This represents the first important research gap to consider.  

1.8.1. The NHS Diabetes Prevention Programme Digital Stream  

In 2017, NHS England launched a pilot digital DPP called the ‘Healthier You: NHS 

DPP digital stream’. This digital programme was developed to overcome the impact 

challenges of the face-to-face NHS-DPP such as acceptability problems due to the 

programme’s intensive nature, attendance barriers, and perceived stigma with regards to 

T2DM as a condition (Murray et al., 2019). It has been acknowledged that the digital stream 

will face several challenges, namely difficulties with engagement and adherence, plus 

limitations regarding the ‘digital divide’, which in this context refers to disparities in DHT 

access, usage, and favourable health outcomes among certain population groups (Lythreatis 

et al., 2021; Murray et al., 2019). One significant challenge is that of eHealth literacy (also 

known as digital health literacy) which, when defined succinctly, refers to the ability of 

people to use digital technologies to improve or enable health and health care (Neter & 

Brainin, 2012). Those with relatively low levels of eHealth literacy may not have the ability, 

confidence, or motivation to use the technologies and effectively engage with a digital DPP.  

Notwithstanding these challenges, the NHS-DPP digital pilot is currently assessing 

five different digital DPPs or technology packages that focus on dietary intake, physical 

activity, and weight loss; the setting of personalised goals; and the provision of feedback on 

participants’ progress toward these goals (Murray et al., 2019). These programmes were 

chosen through a multistage selection process, culminating in a review by a committee of 

behaviour change theory experts, clinical safety officers, GPs, diabetologists, diabetes 

specialist nurses, and dietitians (Murray et al., 2019). The five programmes: Hitachi Diabetes 

Solution (Open Access Government, 2019; Zhang et al., 2017), Buddi Nujjer (Buddi Ltd., 

2021; Langley, 2017), Liva Healthcare (Liva Healthcare, 2021; Rees, 2020), Oviva 

(Kanetkar, 2021; Oviva, 2021), and Second Nature (Know Diabetes, 2021; Second Nature, 

2021) each contain a variety of key features, and use several tools to facilitate the prevention 

of T2DM, such as smartphone apps and wearable technologies. However, while some 

features are found in all programmes, other features are programme specific. For example, 

only Buddi Nujjer and Second Nature offer wearable technologies as part of their packages 

(to track physical activity for example), whereas the other programmes utilise the 

smartphone’s own internal trackers (Morrison, 2021). Each programme also contains unique 

selling points in the form of digital features or innovations offered by each developer to make 
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their programme stand out. Furthermore, some programmes such as the Hitachi Diabetes 

Solution are accessed via smartphone, tablet, or standard computer, while others such as 

Second Nature are delivered exclusively via smartphone app. 

The NHS-DPP digital stream pilot is a very large undertaking that may not be feasible 

to replicate in Ireland. Given the diversity of programmes, technologies, and features 

showcased in the NHS pilot, an opportunity exists for researchers to examine which of these 

programmes and/or features are most effective so that they may be combined into one 

complete package. While results of the pilot study are yet to be released, preliminary data 

across all programmes indicate a 68% uptake rate (characterised by conversion from referral 

to initial assessment), significantly higher than the 49% uptake rate observed in the face-to-

face stream (McGough et al., 2019). These findings suggest that early-stage engagement is 

promising. However, for a digital DPP to have similar or greater levels of engagement in 

Ireland, it is important to assess the acceptability of such a programme and its DHTs among 

adults living in Ireland, particularly those at risk of developing T2DM who represent the 

programme’s intended users. 

1.9. Theories and Models of Technology Acceptance 

 Technology acceptability and technology acceptance are suggested to be distinct 

points on a temporal continuum of technology usership. Technology acceptability has been 

defined as one’s perception of a system prior to its use (Distler et al., 2018; Martin et al., 

2015), whereas technology acceptance represents one’s perception of the system after initial 

use (Garces et al., 2016). In both cases, more favourable perceptions of the system would 

indicate greater acceptability and acceptance respectively. A recent review by Nadal et al. 

(2020) found that very few studies assessed the acceptability of a digital intervention in its 

pre-use stage, presumably because very few studies take end-user perceptions into 

consideration during the intervention’s early design phase, and instead, only test its 

acceptance once the intervention is developed. However, this represents a missed 

opportunity, as proponents of person-based approaches to digital health intervention design 

highly recommend that target users are consulted early in the design process, as doing so may 

maximise user engagement once the intervention is implemented (Yardley et al., 2015). 

Several models and frameworks have been developed to explain the adoption of new 

technologies. However, more than one theoretical approach is often necessary to completely 

understand the acceptability of a unique or novel technology system (Taherdoost, 2018).  
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1.9.1. The Technology Acceptance Model 

 With its origins in the information technology sector, the Technology Acceptance 

Model (TAM) introduced in the 1980’s by Fred Davis (1989) remains the most widely used 

model of technology acceptance (Marangunić & Granić, 2015). Derived from the 

psychology-based Theory of Reasoned Action (TRA; Fishbein & Ajzen, 1977), and Theory 

of Planned Behaviour (TPB; Ajzen, 1991), the TAM would suggest that one’s intention to 

use a digital health intervention is determined by both its perceived usefulness and perceived 

ease of use, with one’s general attitude regarding the intervention acting as a mediator 

between these two factors and use intentions (Davis, 1989). The TAM was later extended by 

Venkatesh and Davis (2000), who removed the attitude mediator but added subjective norm 

from the TPB and an additional generic intervention-specific variable, each as antecedents to 

perceived usefulness. Through the addition of subjective norm in this ‘TAM2’, it was 

suggested that social influence plays a key role in the acceptance of an intervention, as one 

would be more likely to use the intervention if they believed others would approve of its use. 

A further extension of the model by Venkatesh and Bala (2008), labelled the TAM3, added 

the additional social influence factor of image, or the perception that using the intervention’s 

technologies would improve social status. The model also added key variables that tap into 

the technology competency aspects of eHealth literacy, namely computer self-efficacy, 

computer anxiety, and computer playfulness. However, the TAM3 was geared towards 

information technology usership in the context of job performance as it additionally included 

the factors of job relevance, and output quality, each irrelevant to consumer based DHTs. 

1.9.2. Unified Theory of Acceptance and Use of Technology 

 The Unified Theory of Acceptance and Use of Technology (UTAUT) was developed 

by Venkatesh and colleagues (2003) in acknowledgement of the dilemma faced by 

researchers of whether to pick and choose constructs across technology acceptance models, 

or to use one large established model and apply it in an unmodified state. The authors 

examined the commonly used TRA, TPB and TAM, but also investigated other theories and 

models that had been used to study technology adoption, such as the Motivational Model 

(Davis et al., 1992), Model of PC Utilization (Thompson et al., 1991), Innovation Diffusion 

Theory (Moore & Benbasat, 1991), and Social Cognitive Theory (Compeau et al., 1999). In 

the UTAUT, factors of performance expectancy and effort expectancy (both commensurate 

with the TAM’s perceived usefulness and perceived ease of use factors respectively), social 

influence, and facilitating conditions (objective environmental factors that an individual feels 
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will make an act easy to accomplish) all directly influence one’s intention to use an 

intervention. The UTAUT2 (Venkatesh et al., 2012), an extension of the UTAUT, added 

hedonic motivation, price value, and habit as direct predictors of intervention use intentions. 

The UTAUT models differ to the later iterations of the TAM as the UTAUT and UTAUT2 do 

not include factors that address eHealth literacy. 

1.9.3. Health Information Technology Acceptance Model 

 While the TAM and UTAUT models were originally grounded in the information 

technology sector, they have also been used to assess the acceptability of health technologies. 

However, such use has required the models to be largely modified from their original forms. 

In 2012, Kim and Park (2012) developed the Health Information Technology Acceptance 

Model (HITAM), which augmented the TAM and its extensions by restoring the mediating 

attitude factor from the original TAM, maintaining the social influence factors, and adding 

health information technology self-efficacy as a proxy for eHealth literacy. Moreover, the 

HITAM added constructs from the Health Belief Model (HBM; Rosenstock, 1974), namely 

perceived threat which is a combination of perceived susceptibility and perceived 

seriousness, each referring to one’s perception of the disease or condition under study. This 

includes: (a) how susceptible to the condition one feels they are, and (b) how serious they 

perceive the condition to be with regards to their own health and wellbeing. Kim and Park 

(2012) tested their model to assess the intention to use DHTs in general, and while it 

predicted a relatively large 83% of the variance in use intentions, the model has some 

limitations when taken in the context of digital DPPs. First, it combines both perceived 

susceptibility and perceived seriousness into a single construct (perceived threat). However, 

recent research has shown that the two are distinct, inversely related concepts when studied in 

the context of certain health conditions (El-Toukhy, 2015). Second, the health information 

technology self-efficacy factor was comprised of six items that focused on the use of 

technologies to access health information via one-way transaction. While Kim and Park 

(2012) found this factor to be a strong predictor within their model, it may not sufficiently 

represent the range of eHealth literacy skills required to navigate a complex digital health 

intervention that necessitates interaction with multiple technologies, such as wearable 

devices, smartphone apps, and online forums. 

1.9.4. Applying Technology Acceptance to Digital Diabetes Prevention 

 Technology acceptance models have been used to test the acceptance of a computer-

based chronic disease self-monitoring system for patients with T2DM (Yan & Or, 2019), the 
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intention of older adults with T2DM to use wearable health technologies (Ahmad et al., 

2020), and the factors influencing the sustained use of health and fitness smartphone apps 

(Cho et al., 2020). However, to date, no study has assessed the acceptability of a digital DPP, 

or any technology or platform specifically designed to facilitate the prevention of T2DM. 

Moreover, no study has explored the views and experiences of adults at risk of developing 

T2DM regarding the factors that could influence their decision to use a digital DPP. These 

represent the second and third important research gaps to consider, as an enhancement of 

acceptability in the early stages of digital DPP development may have a positive downstream 

effect on user engagement. 

Given the ubiquitous application of these technology acceptance models, a recent 

meta-analysis was conducted by Tao et al. (2020) to assess the predictive utility of the 

various models, and identify the strongest predictors of the acceptance of consumer health 

technologies. The analysis found subjective norm, technology self-efficacy, perceived 

usefulness, perceived ease of use, and attitude to be the strongest predictors. The authors 

concluded that the TAM represents a good ground theory for examining DHT acceptance, but 

suggested future researchers incorporate additional factors that may moderate the model’s 

existing relationships. After also reviewing technology acceptance models in the context of 

digital health, Rahimi et al. (2018) suggested that researchers modify these models to better 

fit their own research questions. 

An opportunity exists to assess the engagement potential of a digital DPP in Ireland 

through the development and testing of an expanded health technology acceptance model. 

However, in addition to containing factors pertinent to T2DM, such a model could benefit 

greatly from the inclusion of factors that assess eHealth literacy, and the skills required to 

effectively engage with DHTs. 

1.10. Theories and Models of eHealth Literacy 

Selecting the most appropriate eHealth literacy factors to include in a digital health 

acceptability model in this context can be challenging, as digital DPPs contain a wide range 

of DHTs, each requiring a different skill set. The following sections will review the various 

theories, models, and measurement scales of eHealth literacy currently found in the literature. 

References to the appropriateness of each regarding the assessment of digital DPPs will be 

included.  
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1.10.1. The Lily Model and the eHEALS 

 The concept of eHealth literacy was first presented in 2006 by Norman and Skinner, 

who defined it as ‘the ability to seek, find, understand, and appraise health information from 

electronic sources and apply the knowledge gained to addressing or solving a health problem 

(Norman & Skinner, 2006b, p. 1).’ The authors developed the Lily Model, which separated 

eHealth literacy into six distinct components. First, traditional literacy and numeracy refers 

to one’s ability to understand numbers and text. Second, health literacy is the ability to 

process and understand health information. Third, computer literacy represents the ability to 

use computer hardware and software. Fourth, science literacy is the ability to understand 

scientific texts, facts, and correlations. Fifth, media literacy is the ability to process media 

content and assess its quality. Sixth, information literacy is the ability to process information, 

to know how knowledge is organised, and how to apply it. To assess eHealth literacy, 

Norman and Skinner (2006a) developed the eight-item eHealth Literacy Scale (eHEALS), 

which remains the most applied and cited measure of eHealth literacy (El Benny et al., 2021). 

It has been translated into many languages including Mandarin Chinese (Koo et al., 2012), 

Japanese (Mitsutake et al., 2011), Spanish (Almagro & Ji, 2015), Dutch (Van der Vaart et al., 

2011), Korean (Chung et al., 2018), Swedish and Arabic (Wangdahl et al., 2019), Norwegian 

(Dale et al., 2020), and Italian (De Caro et al., 2016). 

 Despite its universal application, the eHEALS has attracted criticism in recent years 

as many have suggested that the scale does not capture the dynamic, evolving nature of 

eHealth. Cameron Norman, the scale’s co-developer, acknowledged the limitations of the 

eHEALS back in 2011, stating that the scale was developed for the first generation of health 

services (e.g., those that require one-way interaction, such as the seeking of health 

information online), and therefore does not include social media (Norman, 2011). Norman 

added that the confidence in expressing oneself clearly in online interactions should be 

included in future measures. Van der Vaart et al. (2013) seconded this notion after finding 

only a weak correlation between eHealth literacy via the eHEALS and actual internet use. 

The authors noted that this correlation was higher in earlier studies but has weakened over 

time. Despite its criticism, the eHEALS remains a reasonably valid and reliable tool, though 

this does not mean its use is valid in all cases. The eHEALS may be useful for assessing the 

skills it originally aimed to assess. However, while these skills would have been sufficient to 

navigate the digital realm at that time, such skills may now constitute only a small subset of 

the expanded skillset needed to effectively navigate modern digital environments. Therefore, 
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when studying complex interventions such as a digital DPP, the eHEALS may provide a 

valid, but only partial assessment of the eHealth literacies required to effectively engage with 

the programme. 

1.10.2. Newer Models and Measures of eHealth Literacy 

 Many researchers have since extended the body of knowledge on eHealth literacy to 

keep up with advancements in technology. Ivanitskaya et al. (2010) developed and tested the 

Research Readiness Self-Assessment for Health (RRSA-Health), a 56-item online assessment 

of eHealth literacy skills, specifically, those skills related to finding and evaluating health 

information from digital sources. While the assessment is comprehensive, its average 

completion time is a lengthy 37 minutes, making it less appropriate for use in studies that 

assess eHealth literacy as one construct within a larger research model. Moreover, the RRSA-

Health is not relevant to the use of many DHTs such as smartphone apps and wearable 

devices. Hanik et al. (2011) subsequently created the shorter six-item RSSA-h, a more 

suitable scale for incorporation into a larger battery of measures. However, this scale is also 

limited to skills of information acquisition and evaluation, and not the use of DHTs. 

Chan et al. (2009) developed a framework which combines the Lily Model and 

Blooms Taxonomy, which covers the increasing progression of the cognitive aspects of 

learning, skill acquisition, and performance (Chan & Kaufman, 2011). In their framework, 

Chan et al. (2009) assess eight eHealth literacies (computer, information, media, reading, 

writing, numeracy, science, and health) at six increasing levels of cognitive complexity 

(remembering, understanding, applying, analysing, evaluating, and creating). While the 

resulting matrix of 48 categories may not lend itself to a quantitative questionnaire, it may be 

useful in assessing the minimum skill level required to use a digital health intervention and its 

technologies. 

 To study the preparedness of patients to use the internet for health purposes, Jones 

(2013) developed the Patient eHealth Readiness Questionnaire (PERQ). This relatively new 

concept of ‘eHealth readiness’ moves beyond eHealth literacy in that it also assesses one’s 

opportunity to use the internet and smartphone apps for health purposes, but additionally 

captures eHealth inequalities. While this questionnaire contains several items on social 

support, these are framed in the context of technology support only (e.g., whether one feels 

comfortable asking for help using the internet), and not in seeking health advice from others 

online through social media groups or message boards. Furthermore, item response options 
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consist primarily of ‘yes’, ‘no’, and ‘unsure’, which limits response variability. The PERQ is 

further limited by the absence of items relating to the use of smartphone health apps and 

wearable devices. 

 Norgaard et al. (2015) developed the eHealth Literacy Framework (eHLF) for 

evaluating one’s capacity to understand, use and benefit from technology to promote and 

maintain their health. The framework incorporates individual factors (e.g., one’s ability to 

process information and be engaged in their own health); system factors (e.g., one’s access to 

digital services that work and suit their needs); and interaction factors, where the individual 

and system factors intersect (e.g., one’s ability to actively engage in health services, feel safe 

and in control, and be motivated to engage with digital services). The 35-item eHealth 

Literacy Questionnaire by Kayser et al. (2018) is a multi-dimensional tool based on the 

eHLF. It was developed for the evaluation of digital health interventions, to assess the 

implementation and adoption of digital health services, and to conduct community and 

population surveys. Due to the questionnaire’s relatively high length and breadth, it may be 

best suited to assessments of interventions and systems that are already developed or 

established. Therefore, it may not be the ideal tool to assess eHealth literacy in a pre-use 

context. 

 More recently, several researchers heeded the advice of Norman (2011) and included 

a social connectivity component to their eHealth literacy scales or frameworks. The 19-item 

eHealth Literacy Scale by Seçkin et al. (2016) expands on previous eHealth Literacy 

measures by including a communication factor that involves one’s confidence in discussing 

health information with a health provider. However, there are no items regarding 

communications with non-health personnel. Acknowledging the lack of assessment on health 

communications and practical skills, van der Vaart and Drossaert (2017) developed the 

Digital Health Literacy Instrument which included self-report and performance-based items 

(such as how to assess the results of a Google search). The instrument contains seven three-

item factors (operational skills, information searching, evaluating reliability, determining 

relevance, navigation skills, adding self-generated content, and protecting privacy) that assess 

one’s confidence in using technology; searching for, and applying health information; and 

interacting with others online. The limitation of this instrument is its lack of items assessing 

the use of smartphone apps or wearable devices. 
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 Informed by the theory of self-efficacy, as well as the eHealth and eLearning 

literature, Bhalla et al. (2016) developed the seven-item eHealth Readiness Scale (eHRS) to 

assess one’s readiness to engage with digital health interventions. This scale addresses gaps 

in previous measures as it is appropriate for predicting the use of smartphone health apps and 

wearable technologies. While the scale lacks the breadth of its predecessors, its specific focus 

on DHTs make it a valid inclusion within a larger eHealth literacy questionnaire designed to 

assess the acceptability of a digital DPP. 

 In the most recent addition to the literature on eHealth literacy, Paige et al. (2018) 

stated that, despite advancements in eHealth literacy theory, researchers were yet to capture 

the broader social elements of eHealth with theoretical underpinnings from the perspective of 

transactional communication. Based on a review of the eHealth literature, the authors 

developed the Transactional Model of eHealth Literacy (TMeHL). They posited that eHealth 

literacy through the transactional lens is a multi-dimensional, intrapersonal skillset that 

enables people to negotiate online transactions among diverse sources in the face of adversity 

(e.g., dexterity limitations, unique jargon, topic drift). Such transactional features are central 

to the use of technologies for health promotion, as these transactions describe how consumers 

access and engage with other users to exchange information (Paige et al., 2019). The 

operational skills outlined in the TMeHL correspond to four eHealth literacies that are each 

interdependent and serve as building blocks to one another. These are: functional eHealth 

literacy, which represents basic skills in reading and writing about health to effectively 

function on the internet; communicative eHealth literacy, which refers to one’s ability to 

collaborate, adapt, and control communication about health with users in social online 

environments with multimedia; critical eHealth literacy, or one’s ability to evaluate the 

credibility, relevance, and risks of sharing and receiving health information on the internet; 

and translational eHealth literacy, which represents one’s ability to apply health knowledge 

gained from the internet across diverse ecological contexts. In addition to its focus on 

interpersonal communication, the TMeHL views these eHealth literacies as being influenced 

by dynamic contextual task-oriented factors (e.g., the source of information delivery such as a 

peer or health care provider, or the channel of communication such as instant message or 

smartphone app) and user-oriented factors (e.g., pre-existing knowledge of a health topic 

such as T2DM, or perceived social norms) which are central to the user, rather than the 

situation or task (Paige et al., 2018). 
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The authors later developed and validated an 18-item questionnaire which assesses 

the four eHealth literacies of the TMeHL (Paige et al., 2019). While the main strength of this 

questionnaire is its versatility, in that it collectively and parsimoniously assesses the factors 

of its predecessors, there are no items that assess the use or readiness to use wearable devices. 

Therefore, when assessing complex digital health interventions like a digital DPP, the 

TMeHL questionnaire could be combined with the eHRS to form a comprehensive but 

relatively brief 25-item eHealth literacy and readiness questionnaire. 

1.11. Rationale for This Research 

 In summary, the escalating prevalence of T2DM represents an international public 

health concern, as the condition has serious impact on the health and wellbeing of individuals 

and societies worldwide. Furthermore, the economic burden faced by healthcare systems due 

to T2DM is substantial, so much so that the prevention of T2DM has been labelled a public 

health priority. In response to the T2DM threat, several countries have developed lifestyle 

interventions that aim to prevent the disease in those at risk. However, while the threat of 

T2DM is equally strong in Ireland, no such national programme is currently being delivered 

at scale. Informed by the findings of landmark diabetes prevention trials, national 

programmes such as the US NDPP and the NHS-DPP have been implemented in real-world 

settings to some success. However, as these programmes require face-to-face participation, it 

can be challenging for people to attend. Digital DPPs offer an alternative as they enable the 

same programmes to be delivered online with comparable results to their face-to-face 

counterparts. Even so, these technology-based programmes have their own challenges with 

regards to participant engagement. Notwithstanding these challenges, the relatively high 

usership of DHTs and burgeoning digital infrastructure in Ireland could see the country well-

placed to develop and implement a digital DPP. For an Irish digital DPP to become a reality, 

a sound evidence base must first be developed. Through a review of the preceding literature, 

three key knowledge or research gaps were identified, and the prime function of the present 

research was to address these gaps by conducting three separate but interrelated studies. 

1.11.1. Research Gap One 

 Technology-driven T2DM prevention interventions can vary substantially in terms of 

content, mode of delivery, and intensity, and it is currently not known which of these 

interventions are effective in achieving the recommended 5% weight loss. Uncovering this 

may help to identify the common characteristics of effective interventions so that they may be 

emulated in an Irish programme. Previous meta-analyses used either absolute weight loss or, 
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when proportional weight loss was used, only US NDPP-based interventions were reviewed. 

Additionally, it is not known which BCTs or digital features are commonly used in effective 

interventions. Identifying these active ingredients may help developers of an Irish programme 

incorporate the most effective tools and techniques, potentially enhancing the programme’s 

cost-effectiveness. It is also possible that these components are the most appealing to 

participants, and as such, their incorporation may help to maximise user engagement. 

1.11.2. Research Gap Two 

 No research study to date has assessed the acceptability of a digital DPP. 

Furthermore, assessments of acceptability at the pre-use stage are rarely conducted. 

Identifying factors that influence people’s intention to use a digital DPP could inform not 

only the content of an Irish programme, but also its communication strategies. That is, how 

the programme is presented to those eligible to participate with the aim of increasing uptake. 

Current theories and models used to assess digital health acceptability each have their 

limitations. An opportunity exists to develop and test a novel digital health acceptability 

model that incorporates aspects of technology acceptance, health behaviour, and composite 

measures of eHealth literacy, the latter of which are uniquely important as digital DPPs 

utilise multiple DHTs, each requiring several eHealth skills and competencies. 

1.11.3. Research Gap Three 

 Given the evidence which suggests that tailored digital interventions may be more 

engaging and effective than those interventions that were not tailored, developers of an Irish 

digital DPP should consider the needs and capabilities of its target users. In addition to a lack 

of research on the pre-use acceptability of a digital DPP, no study to date has applied a 

theoretical framework to explore the views and experiences of adults at risk of developing 

T2DM towards the factors that may influence their decision to use a digital DPP. Once these 

factors are identified, liaising with the programme’s intended user base may grant the insight 

needed to effectively tailor the programme with the goal of making it as engaging as possible. 

1.12. Overall Aim 

 The overarching aim of this research was to build an evidence base for the 

development and implementation of a digital DPP in Ireland. This research had three key 

objectives, all to be achieved by conducting three separate but associated studies. These 

studies aimed to: (a) identify the evidence base regarding digital DPPs, (b) identify and 

develop an appropriate theory for the acceptability of digital DPPs, and (c) understand the 
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perspectives of target users regarding the factors that determine a digital DPP’s acceptability. 

These studies, including their individual aims are summarised below. A brief outline on how 

the research process will be presented in this thesis will follow.  

1.12.1. Study One: Identify the Evidence Base 

 The aim of study one was to conduct a systematic review of technology-driven T2DM 

prevention interventions and identify the active ingredients or ‘what works’ in effective 

digital DPPs. The primary objectives of this review were to: (a) determine which technology-

driven T2DM prevention interventions were effective in producing clinically significant 

weight loss and improvements in additional outcomes linked to the onset of T2DM; and (b) 

identify the BCTs and digital features most frequently used in effective interventions. 

1.12.2. Study Two: Identify and Develop Appropriate Theory 

 The aim of study two was to develop a digital health acceptability model to explain 

the intention to use a digital DPP, and then test this model using a cross-sectional 

questionnaire. The primary objectives of this study were to: (a) develop an extended model of 

technology acceptance that incorporates theories of health behaviour and beliefs, and eHealth 

literacy frameworks; and (b) identify the factors that influence the intention of adults living in 

Ireland to use a digital DPP and determine the predictive strength of these factors. 

1.12.3. Study Three: Understand Target User Perspectives 

 The aim of study three was to conduct a series of qualitative interviews to explore the 

views and experiences of adults living in Ireland who are at risk of developing T2DM on the 

factors affecting digital DPP acceptability. The study’s primary objective was to gain a 

deeper understanding of the findings from study two by explaining how and why each factor 

may influence one’s decision to use a digital DPP. This would be done by exploring 

participants’ understanding of T2DM, their experiences with social influence in relation to 

their health behaviours, their views on health technologies, the perceived barriers and 

facilitators to healthy eating and physical activity, and opinions on a digital DPP that is 

currently available in other countries. 

1.12.4. Research Presentation Structure 

 In the next chapter (Chapter Two), the methodology for the overall programme of 

research and each of the three studies will be presented in detail, including the ethical 

considerations pertaining to the research process. Chapters 3-5 will include the final 

manuscripts from each study. These manuscripts will be presented as originally submitted 
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and/or published, and so the abbreviations and/or terminology used in these chapters may 

differ from that used in other chapters. A general discussion will constitute the sixth and final 

chapter of this thesis. In this concluding chapter, a summary of the findings of this research 

and its contribution to the areas of T2DM, digital health, health beliefs, and eHealth literacy 

will be presented, along with the project’s strengths and limitations, and implications for 

research, policy, and practice. 
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2. Methodology 

2.1. Chapter Overview 

 The following chapter will provide an outline of the overall methodological structure 

of this research. This will include a summary of the overall aims, objectives, and study 

design, and discussion on how each of the three research gaps was addressed. This will be 

followed by an in-depth discussion of the methods applied in all three studies; where, for 

each study, the aims, objectives, and overall approach will be outlined, and the research 

procedure described in detail. A rationale for the application of each study’s methodological 

elements will also be discussed. The chapter will conclude with an overview of the various 

ethical considerations associated with this research, and a discussion on how each of these 

was addressed.  

2.2. Aims and Objectives of This Research 

 The primary of aim of this research was to build an evidence base for the 

development and implementation of a digital DPP in Ireland for adults who are at risk of 

T2DM. The aim of digital DPPs is to educate and empower participants to modify their 

health behaviours, such as improving dietary practices, and increasing their level of regular 

physical activity, with the aim of maximising health and wellbeing, and preventing T2DM. 

Both quantitative and qualitative methods were used to develop this evidence. First, by 

systematically reviewing existing literature to discern whether digital DPPs are effective in 

achieving clinically significant weight loss in line with international guidelines, answering 

the question: ‘do digital DPPs work?’ Second, reviewing this same literature to identify the 

BCTs and digital features of digital DPPs that are most effective in achieving this outcome, 

answering the questions: ‘how do they work, and what works best?’ Third, developing and 

testing a novel digital health acceptability model to ascertain whether adults in Ireland would 

use a digital DPP once it is available, answering the question: ‘what factors influence one’s 

intention to use a digital DPP?’ Finally, to explore the extended views and perceptions of 

adults at risk of T2DM regarding both: (a) a digital DPP that is currently available in other 

countries, and (b) people’s experiences of factors that influence digital DPP use intentions, 

and how and why these factors affect a digital DPP’s acceptability. 

2.3. Overview of Study Design 

 In 2008, the MRC published a guidance framework to inform the development and 

evaluation of complex interventions (Craig et al., 2008). According to this framework, the 
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first two steps toward developing a complex intervention are: (1) to identify the existing 

evidence base, and (2) identify or develop theory. The aim of this first step is to identify what 

is currently known about similar interventions to the one that is to be developed, and the 

methods that have been used to evaluate them. This is achieved by identifying high-quality 

systematic reviews of relevant evidence or conducting a review if no such evidence synthesis 

is available. The MRC guidance further suggests that, when evaluating interventions, the two 

key questions to ask are: (1) are these interventions effective in everyday practice? And (2) 

how do these interventions work? In other words, what are the active ingredients, and how 

are they exerting their effect? (Craig et al., 2008). While this form of quantitative exploration 

can grant insight into the intervention components that are potentially the most effective, it is 

also important to understand how to best implement these components in a particular context 

(Yardley et al., 2015). To gain this understanding, Yardley et al. (2015) suggest the use of 

qualitative research involving an intervention’s intended users to gain insight into whether the 

intervention will be acceptable, interesting, persuasive, easy to use, and feasible for them to 

adhere to. The aim of the second step, according to the MRC framework, is to develop a 

theoretical understanding of the likely process of change by drawing on existing theory, or 

performing new primary research to supplement existing theory (Craig et al., 2008). For 

example, if one seeks to understand the acceptability of an intervention among its intended 

user base, it is important to identify the factors and processes that influence this acceptability. 

 To achieve these two overarching aims, this research adopted a mixed methods 

paradigm, defined by Johnson and Onwuegbuzie (2004) as ‘the class of research where the 

researcher mixes or combines quantitative and qualitative research techniques, methods, 

approaches, concepts or language into a single study.’ (p. 17). Various methodologies were 

employed to build an in-depth evidence base for the development and implementation of a 

digital DPP for adults in Ireland who are at risk of developing T2DM. As the studies were 

implemented sequentially, each building on or explaining the results from the study that 

preceded it, an ‘exploratory sequential’ approach (e.g., Creswell et al., 2011) was used to 

integrate the findings of each study. An overview of the research design is presented in 

Figure 2.1. 
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Figure 2.1 

Research Design Overview 

 

 

Three studies were conducted to achieve the aims and objectives of this research. 

First, a systematic review was conducted to identify whether digital DPPs were effective at 

achieving clinically significant weight loss, and to identify the active ingredients of those 

effective interventions. Second, a quantitative cross-sectional study was conducted to develop 

and test a digital health acceptability model, granting insight into the factors and processes 

that determine the digital DPP use intentions of adults living in Ireland. Third, a qualitative 

interview study was conducted involving a subset of participants from study two at risk of 

developing T2DM. In this study, participants’ perceptions of a digital DPP were explored, as 

were their views and experiences regarding various factors relevant to the programme’s 

acceptability.  

2.4. Study One: Identify the Evidence Base 

2.4.1. Aims and Objectives of Study One 

 Study one had three primary aims or research questions. First, to assess whether 

digital DPPs were effective at achieving clinically significant weight loss and improvements 

in outcomes linked to the onset of T2DM. Second, to determine which BCTs were frequently 

used in effective digital DPPs, and how BCT use differed between effective and non-effective 

DPPs (e.g., the number, and type of BCTs used). Third, to determine which digital 
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intervention features were frequently used in effective digital DPPs, and how feature use 

differed between effective and non-effective DPPs (e.g., the number, and type of features 

used). The MRC recommends that, to identify the evidence base, a relevant high quality 

systematic review should be conducted if one does not currently exist (Craig et al., 2008). As 

no current review could answer all the above research questions, study one was conducted in 

the form of a systematic review. Furthermore, in line with MRC guidance, the first research 

question would determine whether the interventions are effective in everyday practice, while 

the second and third research questions would seek to determine how these interventions 

work. 

2.4.2. Approach to Study One 

 2.4.2.1. Identifying the Effectiveness of Digital Diabetes Prevention 

Interventions. To assess whether digital T2DM prevention interventions are effective, body 

weight change from pre- to post-intervention was selected as the primary outcome of interest. 

Weight loss was chosen as the prime marker of effectiveness rather than glycaemic outcomes 

for two reasons. First, in approximately 50% of digital DPP studies, glycaemic changes (e.g., 

in HbA1c, fasting glucose) were not reported (Bian et al., 2017). Second, current T2DM 

prevention guidelines issued by the CDC in the USA, and NICE in the UK, suggest that to 

significantly reduce the risk of developing T2DM, a 12-month weight loss target of 5% of 

baseline weight should be set (CDC, 2018; NICE, 2019). This amount of weight loss is also 

considered clinically significant (Donnelly et al., 2009). In view of this, the 5% weight loss 

benchmark was used to identify effective versus non-effective interventions in this review.  

Two systematic reviews and meta-analyses had already been conducted on digital 

T2DM prevention interventions with the aim of assessing their effectiveness at achieving 

weight loss. However, as highlighted previously, each had limitations regarding the choice of 

outcome measures (e.g., using absolute rather than proportional weight loss), the inclusion of 

interventions that were not technology-driven, and/or by limiting the inclusion of 

interventions to only those based on the US NDPP. Study one would address these research 

gaps and advance the literature by assessing all reported technology-driven interventions to 

date against internationally recognised standards of effectiveness. 

2.4.2.2. Identifying How and Why the Interventions Are Effective. Understanding 

how and why an intervention works can be challenging, as behaviour change interventions 

are typically complex, containing many interacting components, making it difficult to 
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identify the intervention’s active and effective ingredients (Craig et al., 2008; Michie et al., 

2013). The behaviour change technique taxonomy v1 (BCTTv1) was developed to identify 

BCTs or, the observable, replicable, and irreducible intervention components that elicit 

behaviour change (Michie et al., 2013). The BCTTv1 lists and defines 93 distinct BCTs, 

grouping them under 16 categories. Applying this taxonomy in the context of digital T2DM 

prevention interventions may help to identify the most effective behaviour change 

components in these interventions. Investigations into of the use of BCTs in lifestyle 

interventions are not new within the areas of T2DM management (Cradock et al., 2017; 

Hankonen et al., 2014), or prevention (Ashra et al., 2015). However, no study to date has 

explored the use of BCTs in digital T2DM prevention interventions. 

 In addition to identifying the BCTs that work best, it is also important to identify how 

they are delivered, as these modes of delivery can influence an intervention’s effectiveness 

(Carey et al., 2017a). However, the term ‘mode of delivery’ carries multiple meanings in the 

digital health context, prompting efforts by researchers to standardise the terminology. For 

example, a recent prospective mode of delivery taxonomy reduced the broader concept of 

‘digital delivery’ down to the more specific sub-category, such as ‘smartphone app’ (Carey et 

al., 2017b). However, smartphone health apps are diverse, with some containing a single 

feature or function (e.g., simple food checklist), while others house complex behaviour 

change interventions containing many features. For example, the Noom smartphone 

application is a weight loss programme that offers diet and activity tracking, online peer 

support, and personal coaching (Toro-Ramos et al., 2017). Each of these features could be 

effective or ineffective to varying degrees, so to understand how and why this intervention 

works, each individual feature should be identified, and its potential relationship to the 

intervention outcome(s) assessed.  

Recent reviews have addressed this mode of delivery standardisation gap by reducing 

digital health interventions to their constituent features. However, there remains no consensus 

regarding the boundaries and definitions of these features (Donevant et al., 2018). Given the 

absence of a comprehensive digital feature taxonomy, researchers have used novel coding 

methods to identify individual intervention features, before assessing the impact of these 

features against relevant outcome measures. For their systematic review and meta-analysis, 

Webb et al. (2010) used their own coding scheme to identify a range of internet-driven 

features (e.g., automated follow-up messages, peer-to-peer access), and then linked these 

features to outcomes of behaviour change. More recently, Donevant et al. (2018) used 
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thematic analysis to explore the features of mobile health apps used in studies of chronic 

respiratory diseases, diabetes, and hypertension. The authors found that interventions with 

statistically significant outcomes were more likely to contain interactive features (where 

participants respond to or modify content in real time) rather than passive features (where a 

response or feedback is not required or given). As is the case for BCTs, no study to date has 

explored the use of digital features in digital T2DM prevention interventions. 

To complete an in-depth assessment of what works in these interventions, both top-

down and bottom-up coding schemes were applied. First, the BCTTv1 (Michie et al., 2013) 

was used to code BCTs from each published intervention description. Each BCT was 

identified based on its definition as presented in the taxonomy. Second, a modified thematic 

analysis (e.g., Braun & Clarke, 2006) was used on these same intervention descriptions to: (a) 

code each irreducible digital intervention component, (b) organise all components into 

broader themes or ‘digital features’, and then (c) label these features and generate descriptive 

definitions. 

2.4.3. Procedure 

 The following procedure was developed and reported in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 

(Moher et al., 2009). These guidelines reflect an evidence-based minimum set of items aimed 

to assist in the sufficient reporting of key components within systematic reviews and meta-

analyses, thus facilitating research transparency. The completed PRISMA checklist is 

presented in Appendix B. The protocol for this systematic review was pre-registered with 

PROSPERO, the International Prospective Register of Systematic Reviews (see Van Rhoon 

et al., 2018). This protocol was supported by input from members of the National Clinical 

Programme for Diabetes (NCPD) in Ireland. Members of the NCPD include a health 

researcher, dietitian, exercise therapist, health psychologist, general practitioner, and clinical 

endocrinologist. Furthermore, additional feedback was sought from several adults at risk of 

developing T2DM. 

2.4.3.1. Search Methods for Identification of Studies. Five electronic databases, 

CINAHL Complete (EBSCO, 2018), EMBASE (Elsevier Limited, 2018), MEDLINE 

(National Library of Medicine, 2018a), PsycINFO (American Psychological Association, 

2018), and PubMed (National Library of Medicine, 2018b), were searched from the date of 

each database’s inception up until September 3, 2018. These databases were selected due to 
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their relevance to the research topic and frequent use in systematic reviews published in 

health and psychology journals. The search terms included key words, phrases, and Medical 

Subject Headings relevant to the conditions of T2DM and PDM; interventions or 

programmes to prevent T2DM; digital modes of delivery; and health outcomes including 

body weight, blood glucose, and the incidence or prevalence of T2DM. The search strategies 

for all databases (see Appendix C) were informed by previous reviews of both digital and 

non-digital T2DM prevention interventions (Ashra et al., 2015; Bian et al., 2017; Joiner et al., 

2017). Multiple pilot searches were conducted across databases to test whether relevant 

papers already known to the researchers were identified (to perform assessments of 

coverage), and to keep the total number of papers identified in the search to a manageable 

number for later screening. Grey literature, which includes a range of documents not 

controlled by commercial publishing organisations (Adams et al., 2016) was not searched in 

this review. As studies with null results are less likely to be published, the inclusion of grey 

literature can potentially reduce publication bias in systematic reviews and meta-analyses 

(Hopewell et al., 2007). However, effectively identifying grey literature can be time 

consuming and resource intensive, requiring increasingly sophisticated methods of internet 

searching such as text analytics and data mining (Adams et al., 2016), which may have 

minimal influence on the results of most systematic reviews and meta-analyses (Schmucker 

et al., 2017). 

 2.4.3.2. Eligibility Criteria. All experimental and non-experimental studies published 

in English that assessed the effectiveness of a technology-driven diet and/or physical activity 

intervention for adults, aged 18 and over, who are at risk of developing T2DM, were eligible 

for inclusion. For an intervention to be ‘technology-driven’ it was required to be delivered 

using digital technologies (e.g., automated phone call or message, smartphone app, text, 

email, instant message, video, website, wearable device), where such technologies formed the 

basis for the intervention’s development and implementation. For example, if a face-to-face 

programme later included the option for consultations to be completed via video call, this 

intervention would not be defined as technology-driven, as the use of technology is a 

subsequent and/or optional add-on, and not an original function of the programme. Therefore, 

this intervention would not be included in this review. Conversely, an intervention developed 

specifically for remote online delivery would be defined as technology-driven, even if a face-

to-face option is later added, and thus eligible for inclusion. 
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To warrant inclusion, the study must have recruited participants at risk of developing 

T2DM. This risk could be based on a previous diagnosis of PDM, IGT, or IFG; BMI; 

screening tool risk score; current blood test; or another valid risk marker. Studies that 

additionally recruited participants with T2DM were only included if the results of each group 

(those at risk versus those already diagnosed with T2DM) were analysed separately. 

Furthermore, studies of participants with a previous or current diagnosis of T1DM or GDM 

were not included. With regards to study design, observational studies, single-arm 

intervention studies, and randomised and non-randomised trials which assessed the 

intervention against a control group or alternative intervention were all eligible. Studies must 

have explicitly stated the aim of preventing T2DM or reducing the risk of T2DM. For 

example, diet and/or physical activity interventions for weight loss were not eligible for 

inclusion if T2DM prevention was not a stated intervention aim. However, studies that aimed 

to prevent both T2DM and CVD (or any condition in addition to T2DM) were eligible. For 

outcome measures, only studies that included one of the outcomes of body weight, glycaemic 

status (either HbA1c or fasting glucose), and T2DM incidence or prevalence were eligible for 

inclusion.  

2.4.3.3. Study Selection. All records retrieved from the database searches were 

imported into an EndNote X5 database (Clarivate Analytics, 2011) where any duplicate 

records were removed. Following this, all unique records were exported to the Covidence 

systematic review management software (Veritas Health Innovation, 2019) and a two-stage 

screening process was conducted. First, all titles and abstracts were screened by one reviewer 

(LV) to determine potentially eligible full-text articles. Moreover, 20% of the same titles and 

abstracts (selected at random via online random number generator) were independently 

screened by a second reviewer (JMu). Based on title and abstract, articles were moved to the 

next stage of screening if they either met all inclusion criteria, or if their inclusion or 

exclusion could not be determined at that point. Second, full-text copies of all articles were 

obtained and assessed against the review’s inclusion and exclusion criteria. In this stage, all 

full-text articles were assessed by LV and a randomly selected 20% of the articles were 

independently screened by JMu. Disagreements at both stages were resolved via discussion 

between the two reviewers. Forward and backward reference searches of the included articles 

were then conducted by LV to identify additional articles for inclusion. 

At each screening stage, Cohen’s Kappa (see Cohen, 1968) was calculated to 

determine the level of agreement between the two reviewers, or ‘inter-rater agreement’. Such 
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a measure is useful as it not only captures the observed agreement between reviewers, but 

accounts for situations in which agreement is reached purely by chance (Warrens, 2015). 

Informed by guidelines published by Landis and Koch (1977), the level of agreement at stage 

one (κ = .631) and stage two (κ = .617) was deemed substantial. The complete screening and 

selection process was completed in accordance with PRISMA guidelines (Moher et al., 2009) 

where the number of included and excluded articles was clearly presented and reasons for 

exclusion provided. This process was presented visually in a PRISMA flow diagram which 

can be found in Chapter Three, Figure 3.1.  

 2.4.3.4. Primary Outcomes. The primary outcomes in this review were body weight, 

glycaemic status (HbA1c or fasting blood glucose/fasting plasma glucose), and T2DM 

incidence or prevalence. Body weight was chosen to inform the review’s primary definition 

of effectiveness as body weight is strongly associated with T2DM risk and is the most 

reported outcome in T2DM prevention studies (Bian et al., 2017; Dunkley et al., 2014; Yach 

et al., 2006). Intervention effectiveness was defined in relation to a mean weight loss of at 

least 5% of baseline body weight. In cases where a study only reported the amount of weight 

lost (e.g., in kg, lbs, st.), the proportion of weight lost was hand calculated by LV using 

available data. This 5% cut-off was chosen for two reasons. First, this figure is deemed 

clinically significant (Donnelly et al., 2009) and matches the weight loss benchmarks for 12-

month DPPs in both the US (CDC, 2018) and the UK (NICE, 2019). Second, in the US, for 

an organisation to be accredited by the CDC as a certified DPP provider, at least five 

participants must have completed the year-long programme, and the average weight loss after 

12 months must have been at least 5% (CDC, 2018). Achieving this 5% has important 

implications as it can result in insurance coverage for participants and reimbursement for the 

organisations that deliver the programme (Gruss et al., 2019). 

Interventions of six months or less in duration were deemed effective if an average 

weight loss of at least 3% was achieved at six-month (or less) follow-up, while interventions 

of 12 months or greater in duration were deemed effective if an average weight loss of at 

least 5% was achieved at 12-month (or more) follow-up. Based on these criteria, 

interventions were labelled in four potential ways: (a) effective in the short term, (b) not 

effective in the short term, (c) effective in the long term, and (d) not effective in the long 

term. Interventions of 12 months or greater in duration received two labels if they included 

short- and long-term follow-ups. Relationships were explored between the number and type 

of BCTs and digital features identified in effective versus non-effective interventions. For 
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this review, BCTs and digital features were considered effective if they were identified in at 

least 75% of effective interventions, both short and long term. A BCT or digital feature was 

considered most effective at each respective temporal period (short or long term) if it was 

identified at considerably greater frequency in effective interventions compared to non-

effective interventions. The dichotomous classification of interventions as effective versus 

non-effective for the purpose of identifying effective BCTs has been used in a previous 

systematic review (Hennessy et al., 2019).  

 2.4.3.5. Data Extraction. A novel data extraction tool was developed for this review 

and piloted on five randomly selected papers then refined where necessary. All data was then 

transferred to a series of summary tables. Summary table one contained data pertaining to the 

overarching studies. This data included: author name(s), the country where the study was 

based, study design, comparison group(s) used (where applicable), study duration, enrolment 

or recruitment setting, T2DM risk inclusion criteria, sample characteristics (sample size, age, 

sex/gender, race/ethnicity, BMI), and attrition rate. Summary table two contained data 

pertaining to each intervention. This included: the intervention name or title, intervention 

duration, intervention type, primary mode(s) of delivery, level of human support, theoretical 

basis or evidence base, and message content and frequency (or dose). Summary table three 

contained data on the proportion of weight lost that was either provided in the article, or hand 

calculated. Weight loss was either categorised as short term (for follow-up periods of six 

months or less), or long term (for follow-ups of 12 months or more). Summary table four 

contained outcome measure data. This included: absolute weight loss and statistical 

comparisons either pre- and post-intervention and/or against a control group or other 

intervention; the proportion of the sample that achieved the target weight loss as stipulated in 

each study’s intervention protocol; and changes in HbA1c and fasting glucose, each 

presented with relevant statistical comparisons. 

The data extraction process was conducted by one reviewer (LV), and data from a 

randomly selected 20% of articles was checked for accuracy by a second reviewer (EM). 

Only the publicly available materials pertaining to the included studies were used for data 

extraction, BCT coding, and digital feature identification. Such materials included main study 

articles, follow-up study articles, intervention development articles, protocols, and 

supplementary materials. No further information or data was requested from the study 

authors as previous research has found that few authors respond to such requests, and when 
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they do, the process of receiving the additional information can take many months (Black et 

al., 2018). 

 2.4.3.5.1. Behaviour Change Technique Coding. The BCTTv1 (Michie et al., 2013) 

was used by one reviewer (LV) to code BCTs from all included articles. A second reviewer 

(EM) independently double coded from a randomly selected 20% of all articles. Both LV and 

EM had previously completed the BCT-Taxonomy online training course provided by the 

Centre for Behaviour Change at University College London, available at http://www.bct-

taxonomy.com (UCL Centre for Behaviour Change, 2019). All initial disagreements 

regarding the coded BCTs were resolved by the two reviewers via discussion. Based on 

previous reviews (Bian et al., 2017; Joiner et al., 2017), it was anticipated that in some cases 

the same digital intervention will be assessed in separate studies involving different 

populations. However, as the programmes are standardised, they would likely contain the 

same number and type of BCTs. It was also anticipated that these interventions may be 

described differently in each publication. For example, in journal articles with a small word 

or page allowance, BCTs that were used in the intervention may be less likely to be reported 

here than in longer articles. To account for this, an imputation process was applied to include 

those BCTs used in the interventions but missing from the articles. This imputation process 

consisted of two steps. First, when two identical interventions were described in the articles 

of two different studies (e.g., study A and study B), all BCTs from study A and study B were 

coded separately. Second, BCTs found in study A’s articles but not Study B’s articles were 

also coded to study B as imputed BCTs, and BCTs found in study B’s articles but not in 

Study A were also coded to Study A as imputed BCTs. As a result, this review would 

consider each study to contain the exact same BCTs. However, to ensure transparency, it was 

clearly indicated which BCTs were coded directly from the articles, and which were coded 

via imputation. Furthermore, while the primary results of this review included the imputed 

BCTs, separate analyses were conducted using only the BCTs that were explicitly presented 

in the articles. A similar imputation process was used by Brown et al. (2019), who coded 

BCTs as ‘definitely present’ or ‘probably present’. However, the authors analysed the entire 

pool of identified BCTs and did not conduct a separate analysis on only the BCTs that were 

identified as definitely present. 

 2.4.3.5.2. Digital Feature Identification. Digital features were identified using a 

modified three-phase thematic analysis (e.g., Braun & Clarke, 2006). First, one reviewer 

(LV) analysed all articles, coding each digital component (e.g., nutrition video) and its mode 
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of delivery (e.g., website), plus each non-digital component (e.g., food diary) and its format 

(e.g., hard copy). The imputation process described above was also used to identify additional 

components. Second, each digital component was categorised according to the level of 

interactivity between the participant and the digital tool, and subsequently classified as either 

a passive or interactive intervention component. Passive components involve one-way 

communication between the technology and the user (e.g., a simple food log that offers no 

feedback), whereas interactive components involve two-way communication between the 

technology and the user, or between multiple users (e.g., online community forum). A second 

reviewer (EM) independently completed these first two phases on a randomly selected 20% 

of all articles to check for reliability. Third, all passive and interactive digital components 

were pooled together in their respective groups and analysed by LV and EM via discussion, 

where common themes among the passive and interactive components were identified. These 

component clusters or themes were subsequently classified as either passive or interactive 

digital features and assigned labels that best represent each feature. As was the case with 

BCTs, separate analyses were conducted using only the digital features explicitly presented in 

the articles. 

 2.4.3.6. Study Quality and Risk of Bias Assessment. The quality of included studies 

was assessed using the 27-item NICE quality appraisal checklist for quantitative intervention 

studies (NICE, 2012). The checklist assesses each study’s internal and external validity where 

each item is rated ++, +, or – based on the degree to which the criteria was satisfied, with ++ 

indicating highest quality or lowest risk of bias. This assessment tool was chosen as it has 

been used in previous systematic reviews of DPPs (Ashra et al., 2015; Dunkley et al., 2014). 

Additionally, it is comprehensive, accommodates a range of study designs, and contains 

items that assess each study’s adherence to real-world healthcare practice guidelines. One 

reviewer (LV) assessed all the included studies, and a randomly selected 20% of studies were 

independently assessed by a second reviewer (EM). Given that digital DPPs are designed to 

be implemented in routine practice where the programmes would fit seamlessly into the 

everyday lives of participants, it was not expected that the studies would adhere to the strict 

protocols of intensive RCTs. Therefore, the results of this quality assessment did not 

determine whether a study would be included in the analyses, and studies were not grouped 

by their assessment rating nor analysed separately.  

 2.4.3.7. Data Synthesis. The aim of this review was to investigate the associations 

between two types of intervention components (BCTs and digital features) and the percentage 
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of baseline weight lost, assessing the effectiveness of interventions against international 

diabetes prevention benchmarks. In view of this, a narrative synthesis was used to organise 

and present the findings within the text, while all statistical data was presented in the 

summary tables.  

When conducing this review, the prospect of including a meta-analysis was 

considered. While RCTs are often considered the ‘gold standard’ of scientific evidence, meta-

analyses are thought to represent the ‘platinum standard’ (Stegenga, 2011). However, when 

synthesising research evidence, meta-analysis is not always appropriate, and in many cases, 

falls short of this proposed platinum status (Stegenga, 2011). There were two reasons why 

meta-analysis was not included in this systematic review. First, according to Haidich (2010), 

meta-analysis requires studies to be sufficiently homogeneous in terms of participants, 

interventions, and outcomes, as combining studies that differ substantially in multiple aspects 

can yield meaningless summary results. The studies included in this review varied not only in 

study design (e.g., RCT, observational study, feasibility study), but also mode of delivery 

(website, DVD, smartphone application, interactive voice response etc.), duration (3 to 24 

months), level of support (self-contained with no human interaction versus regular interaction 

with a human health coach), and setting (wholly online, primary care, workplace, university 

etc.). Second, to conduct a meta-analysis, effect sizes or statistics that can be used to generate 

the effect sizes need to be extracted (Field & Gillett, 2010). As the reviewed studies 

examined within-group and between-group intervention effects, with researchers applying t-

tests, ANOVA (Analysis of Variance) or similar statistical analyses, the appropriate effect 

size statistic to extract would be Cohen’s d (Thalheimer & Cook, 2002). Where Cohen’s d is 

not reported, it can be calculated using the reported means, standard deviations, t statistics 

(where t-tests were used), and/or F statistics (where ANOVA was used). As the outcome of 

interest was the proportion of baseline weight lost, this weight loss figure would need to be 

hand calculated from the included studies that only reported absolute weight loss. In these 

studies, all statistics that could be used to calculate Cohen’s d would pertain only to absolute 

weight loss and could therefore not be used to generate a pooled effect size estimate of 

proportional weight loss. While one option would be to contact the authors in an attempt to 

gain access to the original raw data, Field and Gillett (2010) state that these attempts are often 

unsuccessful. Furthermore, the authors may not have recorded raw data on proportional 

weight loss if it was not the outcome of interest. In view of these considerations, a narrative 

synthesis was deemed the most appropriate single form of evidence synthesis for this review. 
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2.5. Study Two: Identify and Develop Theory 

2.5.1. Aims and Objectives of Study Two 

 Study one provided evidence that digital T2DM prevention interventions can be 

effective in achieving clinically significant weight loss plus reductions in blood glucose and 

can reduce the incidence of T2DM. Study one also found that interventions that used a larger 

number and specific combination of BCTs and digital features were most effective. This 

evidence can be used to develop a digital DPP for Ireland that contains only the most active 

ingredients. However, the review identified a large variation in rates of attrition between 

studies. The next step was to determine how to encourage people in Ireland at risk of T2DM 

to adopt this programme and interact with it on a regular basis. It has been stated that this 

continuous usership or ‘engagement’ with a digital health intervention is a necessary 

prerequisite for the intervention to achieve positive health outcomes (Alkhaldi et al., 2017). 

However, as an Irish digital DPP has yet to be developed, researchers can only ascertain the 

factors that determine one’s intention to use the programme once it becomes available; or in 

other words, assess the ‘acceptability’ of an Irish digital DPP. In line with MRC guidelines, 

the next step after identifying the evidence base was to develop a theoretical understanding of 

digital DPP acceptability by drawing on or supplementing existing theory. While current 

theoretical models of technology acceptance have explained the use intentions of various 

digital health interventions and consumer health technologies (Or & Karsh, 2009; Rahimi et 

al., 2018; Tao et al., 2020), no study to date has assessed the acceptability of a digital T2DM 

prevention intervention or national digital DPP. When exploring technology acceptance in a 

new health-related context, it has been recommended that researchers additionally assess 

health behaviour constructs, and other factors specific to this new context (Rahimi et al., 

2018; Sun et al., 2013). In view of this, the aim of study two was to develop and assess a 

digital health acceptability model–informed by technology acceptance models, health belief 

models, and eHealth literacy frameworks–to identify the factors that influence the intention 

of adults living in Ireland to use a digital DPP. 

2.5.2. Approach to Study Two 

 To develop a research model that could explain the acceptability of a digital DPP, a 

review of technology acceptance, eHealth literacy, and health behaviour theories was first 

conducted to establish the most effective models and ascertain the factors most likely to 

predict peoples’ intention to use the digital DPP. Once candidate factors were identified, the 

interrelationships of these factors were established to form the research model which 
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contained several independent variables, dependent variables, and testable hypotheses. Next, 

an exemplar digital DPP was selected to be presented to participants. As there is currently no 

digital DPP available in Ireland, an existing offshore programme was required. The criteria 

for selecting this programme were as follows. First, based on the findings of the systematic 

review, the programme should contain a combination of BCTs and digital features 

comparable to those of the effective programmes. Second, the programme should previously 

have been assessed in some capacity (e.g., via observational study or RCT). Third, there 

should be evidence that it is, or may be successful in achieving clinically significant results 

(e.g., 5% weight loss, significant reductions in blood glucose). Finally, the programme should 

be one that could be implemented in Ireland if required. This could be evidenced through 

links between the intervention developer and the Irish Health Service Executive (HSE). 

Based on these criteria, the digital DPP created by Liva Healthcare (2020) was selected. Liva 

Healthcare (based in Copenhagen, London and Berlin) is the developer of one of the five 

smartphone-based digital DPPs featured in the NHS-DPP digital pilot (Murray et al., 2019). 

The programme had been tested in an observational study of 103 adults with T2DM, and 

achieved a mean weight loss of 4.3% and 6.3% at seven and nine months respectively 

(Komkova et al., 2019). The programme also contains the BCTs and digital features that the 

systematic review identified as the most effective, and representatives from Liva Healthcare 

had been in contact with members of the HSE and NCPD. In a meeting between LV and one 

of the co-founders of Liva Healthcare, a full colour brochure plus links to two online videos 

were offered, each showcasing the programme. Permission was granted by this Liva 

representative to present these materials to participants in studies two and three. However, no 

Liva representative had input into the research process. 

To test the research model, a questionnaire was developed which included two or 

more items for each factor of the research model. Feedback on the questionnaire was 

provided by members of the NCPD and adults at risk of developing T2DM. The preliminary 

questionnaire (see Appendix D) was then pilot tested on 12 adults and subsequently refined 

(items rephrased or removed) to ensure readability and parsimony. Participants could access 

the final version of the questionnaire (see Appendix E) via the LimeSurvey online survey tool 

(Limesurvey GmbH, 2021), while hard copy questionnaires were issued upon request. 

Structural Equation Modelling (SEM) was chosen to analyse the study data, as it 

allows a set of relationships between one or more independent variables and one or more 

dependent variables to be examined simultaneously (Ullman & Bentler, 2012). This analysis 
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was conducted in multiple steps. First, to validate the questionnaire or ‘measurement model’, 

Confirmatory Factor Analysis (CFA) was conducted as there was already a strong empirical 

and conceptual foundation to guide the model’s specification, and the aim was to confirm the 

convergent validity (the condition where all questionnaire items pertaining to each single 

factor should be strongly interrelated) and discriminant validity (the condition where any two 

or more factors should not be highly intercorrelated) of each factor in the research model 

(Brown & Moore, 2012). Confirming both convergent and discriminant validity would 

indicate that the questionnaire is a valid and reliable tool, and that one should have greater 

confidence in the results of the hypothesis tests. Second, to test the factor interrelationships 

and hypotheses of the research or ‘structural model’, SEM with maximum likelihood 

estimation (ML-SEM) was used. Maximum likelihood estimation is a popular parameter 

estimation method best used in situations where prior theory is relatively strong and 

additional model testing and development are the goals (Barroso et al., 2010; Dolce & Lauro, 

2015). This form of estimation was selected over the equally popular Partial Least Squares 

Path Modelling (PLS-PM) method, not only because ML-SEM suited the study aims and its 

use of prior theory, but because it is considered more robust and less vulnerable to parameter 

estimation bias than PLS-PM, provided the sample size is sufficient, and assumptions of 

normality are met (O'Loughlin & Coenders, 2004), as was expected in the present study. 

The study two sample size was projected to be sufficiently greater than the suggested 

N of 200 minimum when applying ML-SEM (Boomsma, 1983), and exceed the ‘5 

observations per estimated parameter’ (Bentler & Chou, 1987) and ‘10 cases per variable’ 

(Nunnally, 1967) rules of thumb for applying SEM in general. As rule-of-thumb minimum 

sample size estimates can in some cases be insufficient, the application of a target sample size 

range has been suggested, as this accommodates interstudy differences in model 

characteristics, bias, errors, effect sizes, and missing data (Wolf et al., 2013). Given the 

relatively large effect sizes that were predicted based on previous research, and the 

application of a questionnaire that would avoid instances of missing data, it was estimated 

that a sample size of between 280 and 330 would be sufficient for this study. As no additional 

moderating variables were to be added to the model, and there was to be no between-group 

analysis–each representing a scenario which, when incorporated, would require a larger 

sample size–these figures were not projected to change.  
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2.5.3. Procedure 

 2.5.3.1. Research Model Development. Based on the literature review, a proposed 

research model was developed consisting of four sets of factors (see Figure 2.2). A summary 

table containing each factor, its evidence base, and descriptive definition can be found in 

Chapter Four, Table 4.1. Personal health factors included health status from the HITAM 

(Kim & Park, 2012), and both perceived seriousness of T2DM and perceived susceptibility to 

T2DM from the HBM (Rosenstock, 1974). Social influence factors included subjective norm 

from the TPB (Ajzen, 1991) and image from the TAM2 (Venkatesh & Davis, 2000). These 

two social influence factors were selected as they reflect social influence on one’s health 

behaviours (e.g., eating, and physical activity) and DHT use respectively. The eHealth 

literacy factors included general eHealth literacy which represented the Lily Model by 

Norman and Skinner (2006b), communicative eHealth literacy as found in the TMeHL (Paige 

et al., 2018), and eHealth readiness as measured by the eHRS by Bhalla et al. (2016). These 

three respective eHealth literacy factors were included for the following reasons. First, as the 

eHEALS is the most frequently used eHealth literacy measure, its inclusion was justified to 

capture eHealth literacy in its general form. Second, the lack of a communicative component 

to eHealth literacy, a common criticism of the Lily Model, was addressed through the 

inclusion of the communicative eHealth literacy subscale of the TMeHL. Third, eHealth 

readiness was included to address the gap in both the Lily Model and TMeHL regarding the 

absence of a measure of one’s readiness to engage with DHTs. Intervention factors included 

perceived usefulness, perceived ease of use, attitude towards the digital DPP, and intention to 

use the digital DPP, all from the TAM (Davis, 1989). 
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Figure 2.2 

Proposed Model of the Factors Influencing the Acceptability of a Digital DPP 

 

Note: Arrows represent the proposed direction of influence, where higher scores on one 

factor are expected to predict higher scores on the subsequent factor. 

 

2.5.3.2. Research Model Testing 

Ethical approval for this study’s model testing procedure was granted by the National 

University of Ireland (NUI), Galway Research Ethics Committee. A copy of this approval 

notice can be found in Appendix F. 

 2.5.3.2.1. Participants. Participants were recruited through several avenues, each 

pursued online due to the COVID-19 pandemic and its restrictions to in-person contact and 

interaction. However, prospective participants were given the option of having a hard copy 

questionnaire mailed to them with free return postage. The recruitment avenues for this study 

were as follows. First, a press release was written by two researchers (LV and MB) and 

submitted to the university press office. The approved press release was then circulated to 

several local media organisations (e.g., print, radio) which published the release online. 

Various iterations of this press release can be found in Appendix G. Additionally, LV 

participated in live interviews for two local radio stations. The interviews focused on the 

importance of T2DM prevention, and details of the study were shared with listeners. Second, 

online print advertisements were posted through social media (e.g., Facebook, Twitter, 
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LinkedIn). An example recruitment flyer can be found in Appendix H. Third, health and local 

council organisations were approached, and details of the study were posted online through 

their own social media accounts. Finally, the study details were circulated through the 

university’s postgraduate student and staff mailing lists. In all forms of advertising, people 

were asked to ‘have their say on digital health and type 2 diabetes prevention.’ Adults living 

in Ireland were asked to complete a 15-minute online survey on their health behaviours, 

technology experiences, and perceptions regarding T2DM.  

 Inclusion criteria for this study were as follows: English-speaking adults aged 

18 years or over, currently residing in the Republic of Ireland, with no previous diagnosis of 

T1DM or T2DM. Questionnaires were excluded from the analysis if a participant did not 

meet all these conditions. Questionnaires were also excluded if they were incomplete. This 

was for ethical reasons as it was assumed that the participant withdrew from the study. Data 

were collected between October 2020 and April 2021. Of the 333 completed questionnaires, 

17 (5.1%) were excluded as participants did not meet all inclusion criteria. Of these 17, 12 

were excluded as the participants had been diagnosed with T2DM, three were excluded as the 

participants were not residing in the Republic of Ireland, and two were excluded as the 

participants were under the age of 18. A final sample of 316 was analysed. 

 2.5.3.2.2. Questionnaire Design and Data Collection. Participants were asked to 

complete a questionnaire on digital health and T2DM prevention, either online via the 

LimeSurvey online survey tool (2021) or physical booklet. Before commencing the 

questionnaire, participants were presented with the information sheet (see Appendix I) and 

could provide informed consent by clicking the appropriate buttons (if online) or ticking 

boxes and signing (if hard copy) indicating that they have read and understood the 

information and choose to participate (see Appendix J). The questionnaire (see Appendix E) 

contained 61 mandatory items across four sections. The first section contained 14 items 

which obtained participant demographics and determined their T2DM risk score. Participants 

did not receive their score at this time. Section two contained 33 items assessing the personal 

health, social influence, and eHealth literacy factors. Section three contained a seven-page 

colour brochure (see Appendix K) for the Liva Healthcare smartphone-based digital DPP 

featured in the NHS-DPP digital pilot study (Murray et al., 2019). This brochure included 

images showcasing key programme features. Section four contained 14 items assessing 

participants’ perceptions of this programme (intervention factors). Upon completing the 

questionnaire, participants were presented with three optional boxes to tick. Participants were 
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asked: (1) if they wish to receive their T2DM risk score, (2) if they wanted to enter the draw 

to win one of two €100 Gift Cards, and (3) if they are interested in participating in a 30-

minute phone or video follow-up interview for an upcoming study or would like more 

information about the study. Participants who ticked at least one of these boxes were 

prompted to enter their preferred contact details (e.g., email, phone number). 

 2.5.3.2.3. Measures. Health status was determined via the total score from eight 

FINDRISC items (see Lindström & Tuomilehto, 2003). These were age, BMI, waist 

circumference, eating and physical activity behaviours, medication and blood glucose history, 

and family history of diabetes. A higher health status score indicates a greater risk of 

developing T2DM. Perceived seriousness of T2DM and perceived susceptibility to T2DM 

were each assessed via four items, all adapted from questionnaires in previous studies 

assessing diabetes and CVD beliefs (Della et al., 2013; Tovar et al., 2010). Higher total 

scores represent greater perceived seriousness and susceptibility respectively. Subjective 

Norm was assessed using two items informed by published guidelines on the creation of 

TPB-based questionnaires (Ajzen, 2002). Higher total scores reflect a stronger perception that 

people important to the participant think they should eat healthier and be more physically 

active. Image was assessed using three items adapted from the TAM2 (Venkatesh & Davis, 

2000), where higher total scores reflect a stronger belief that the use of DHTs are an indicator 

of higher social status. The factor of eHealth readiness was assessed using the seven-item 

eHRS developed by Bhalla et al. (2016), communicative eHealth literacy was assessed using 

the five-item communicative eHealth subscale of the TMeHL scale developed by Paige et al. 

(2019), and general eHealth literacy was assessed using the eight-item eHEALS developed 

by Norman and Skinner (2006a). For all eHealth measures, higher total scores reflect higher 

levels of eHealth readiness or literacy. Perceived usefulness and perceived ease of use were 

each assessed using four items, all adapted from the TAM2 (Venkatesh & Davis, 2000) and a 

previous T2DM digital health study which assessed these same factors (Yan & Or, 2019). 

Higher total scores suggest that participants perceive the intervention to be highly useful and 

very easy to use respectively. Attitude towards the digital DPP and intention to use the digital 

DPP were assessed using four and two items respectively, all adapted from the TAM (Davis, 

1989), TPB (Ajzen, 2002), and the questionnaire used in a previous T2DM digital health 

study (Yan & Or, 2019). Higher total scores suggest that participants have a more positive 

attitude toward the programme, and more strongly intend to use the programme respectively.  
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 2.5.3.2.4. Statistical Analysis. Descriptive analyses were conducted using IBM SPSS 

version 27.0 (IBM Corp., 2020). This included univariate and multi-variate outlier screening 

and normality assessments for each measurement item. Outliers and extreme values may need 

to be removed from a dataset as these could affect the research model fit and measurement 

quality (van Zyl & Ten Klooster, 2022). The data were screened for univariate outliers using 

z-scores, histograms, and boxplots (Field, 2017), and multivariate outliers were screened 

using Mahalanobis distance estimation (Hair, 2009). After the measurement model was 

validated, all factor scores were reviewed. Here normality was assessed, tolerance and 

variance inflation factors were inspected to identify issues of multi-collinearity, and bivariate 

correlations were analysed. 

Using SEM, the specification and fit of both the measurement model and the research 

or causal model was assessed in IBM Amos version 27.0 (Arbuckle, 2020) with maximum 

likelihood estimation. For each model, chi-square values were identified, and model fit was 

deemed acceptable if all the following conditions (or model fit indices) were met: 

Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) ≥.90, standardised root-mean-

square residual (SRMR) <.09, and root-mean-square error of approximation (RMSEA) <.08 

(Bentler, 1990; Hu & Bentler, 1999).  

To evaluate the validity and reliability of the measurement model, CFA was used. All 

factors and their items were included in this CFA except for the health status factor. This 

factor was excluded due to its formative structure, whereas all other factors were reflective. 

For reflective factors, the items are manifested by the latent factor itself, and as such, items 

are expected to correlate strongly and are exchangeable with similar items. Furthermore, 

items can be removed without changing the nature of the factor (Hanafiah, 2020). However, a 

formative factor is considered a consequence of its items, whereby removing or exchanging 

an item alters the meaning of the factor (Hanafiah, 2020). For example, the reflective factor 

of general eHealth literacy contains eight items that each tap into the concept of eHealth 

literacy. Each item is expected to overlap significantly and if one or more items are removed 

to ensure model fit for the CFA, the remaining items still adequately represent eHealth 

literacy. Conversely, the formative factor of health status is represented by the FINDRISC, 

where each item is independent (e.g., age, BMI) with no clear overlap (or multicollinearity) 

expected. Removing one item or exchanging one item for another cannot be done as doing so 

would alter the scoring system and the factor would no longer represent the FINDRISC. 

Heath status was therefore excluded from the CFA as: (a) the Amos software and its 
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maximum likelihood estimation cannot assess both reflective and formative factors within the 

same model, (b) the FINDRISC was already an internationally valid risk assessment tool, and 

(c) health status was the only formative factor in the research model. 

When running the CFA, factor items were removed if: (a) the loading was <.50 (Hair, 

2009) in cases where its factor contained three or more items, or <.70 in cases where its 

factor contained only two items (Worthington & Whittaker, 2006); or (b) the removal of such 

factors would improve model fit, as allowing error terms to correlate is not recommended 

when performing CFA as it may capitalise on chance occurrences and alter the research 

process from confirmatory or theory driven, back to exploratory or data driven (e.g., 

Hermida, 2015; Lance et al., 2010; MacCallum et al., 1992). Acceptable internal consistency 

of the measurement scales was established at Cronbach’s alpha values of ≥.70 (Taber, 2018), 

and composite reliability was established at values of ≥.70 (Hair, 2009). Convergent validity 

was established with average variance extracted (AVE) values of ≥.50 (Hair, 2009), while 

values of <.50 were acceptable only if the factors’ composite reliability value was ≥.70 

(Malhotra & Dash, 2016). Discriminant validity was supported if: a) the square root of the 

AVE for each factor exceeded the correlation between it and each other factor (Fornell & 

Larcker, 1981), and b) a heterotrait-monotrait ratio of correlations (HTMT) test revealed all 

values to be <.85 (Henseler et al., 2015). As all data was obtained via self-report measures on 

a single questionnaire at a single time point, the data was subject to common method variance 

(CMV)–also known as common method bias–which could weaken the validity of the study’s 

findings. As questionnaires are often used to simultaneously measure both independent and 

dependent variables, the estimated effect of one variable on another is at risk of being biased 

because of this CMV; that is, systematic variance shared among the variables which is 

introduced to the measures by the measurement method rather than the theoretical constructs 

the measures represent (Jakobsen & Jensen, 2015). To account for CMV, a common latent 

factor (CLF) test was used to compare the standardised regression weights of all items of the 

model with and without the inclusion of a CLF (Eichhorn, 2014). According to Gaskin 

(2021), if all regression weight differences are <.200, CMV is not a problem. 

The direct, indirect, and total effects of the research or causal model were assessed 

using the bootstrapping method with 5,000 resamples at 95% confidence intervals as 

recommended by Preacher and Hayes (2008). 
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2.6. Study Three: Understand Target User Perspectives 

2.6.1. Aims and Objectives of Study Three 

 The digital health acceptability model developed in study two was validated via CFA 

and subsequently tested, predicting 65% of the variance in the intentions of adults living in 

Ireland to use a digital DPP. The study found that people’s personal health beliefs, social 

influence, and eHealth literacy levels were each significant predictors of the programme’s 

acceptability. However, a large proportion of participants in this study were not at sizeable 

risk of developing T2DM. Furthermore, while the study design fulfilled its objectives, a 

deeper understanding was still needed as to how and why these factors affected programme 

acceptability. By undertaking qualitative research involving the intended users of the digital 

DPP, one could gain insight into all relevant perspectives, enabling the intervention to be 

tailored to the different types of people who might use it (Yardley et al., 2015). Tailored 

digital health interventions have performed significantly better than non-tailored 

interventions at improving health behaviours, and have reported greater user engagement 

(Lustria et al., 2013; Ryan et al., 2019). With these points considered, the aim of this third 

and final study was to explore the extended views and experiences of adults at risk of T2DM 

on the factors affecting digital DPP acceptability. This included their understanding of the 

condition, experiences with social influence on health behaviours, views on health 

technologies, barriers and facilitators to healthy eating and physical activity, and perceptions 

of a smartphone based digital DPP. 

2.6.2. Approach to Study Three 

 2.6.2.1. Approach to Data Collection. One-to-one interviews were chosen to obtain 

data for the following reasons. First, the original data collection plan was to conduct one-hour 

focus groups where participants would interact with the digital DPP and its technologies in 

real time. However, due to time and resource constraints, and restrictions on face-to-face 

contact amidst the COVID-19 pandemic, such focus groups were no longer possible, and 

participants were instead exposed to the sample digital DPP via colour brochure and two 

short videos. Second, recent research has found that interviews are as effective if not more so 

than focus groups at generating a list of topics within a domain, and obtaining a larger 

breadth of information; while focus groups may be better at eliciting more personal 

disclosures (Guest et al., 2017). Given the limited exposure participants would now have to 

the digital DPP, breadth of information was most important, suggesting the suitability of one-
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to-one interviews. Third, focus groups can be challenging to schedule as they require all 

attendees to be available at one time (Dilshad & Latif, 2013; Wong, 2008), and such meetings 

are susceptible to non-attendance (McLafferty, 2004; Webb, 2002). Data was to be collected 

in February and March 2021 when COVID-19 restrictions were high, and it was therefore 

anticipated that people may be less willing to donate one hour of their time during this 

difficult period on a day that may not suit them best. It was decided that, given the challenges 

many were facing as they adjusted their routines, people would be more likely to commit to 

just 30 minutes at a date and time that suited them. Therefore, one-to-one interviews were 

undertaken. 

 Interviews were conducted in a semi-structured format as this format offers a balance 

between rigid and flexible styles of interviewing (Adams, 2015). As this study aimed to 

further explore the factors of the research model in study two, some structure would be 

required, such as asking all participants the same foundation questions to ensure that each 

topic was adequately addressed. However, open-ended follow-up questions or prompts would 

also be needed to gather a range of views and perspectives. A descriptive/interpretative form 

of semi-structured interview was therefore selected for this study as this style of interview 

allows researchers to discover the experiences of the participants within the boundaries of the 

research topics (McIntosh & Morse, 2015). 

2.6.2.2. Approach to Data Analysis. The data was analysed using qualitative content 

analysis (QCA), a method which enables researchers to systematically and objectively 

describe research phenomena at the theoretical level (Kyngäs, 2020). Despite its roots in 

quantitative investigation, QCA is also used to describe human experiences and perspectives 

(Kyngäs, 2020). This form of analysis is often applied within the health sciences to answer 

practical questions, as it is most suitable for research where the informational content of 

one’s experiences are most relevant, rather than a deeper interpretation and further 

investigation into how the individual derives meaning from these experiences (Forman & 

Damschroder, 2007). Qualitative content analysis has been used in previous studies of DHTs 

and online media in the field of diabetes. Such studies have explored the content of 

smartphone apps for the management of T2DM (Izahar et al., 2017), social media groups for 

people with diabetes (Stellefson et al., 2019), the use of Twitter to discuss the sharing of 

diabetes and diet-related information (Eriksson-Backa et al., 2016), the content of popular 

diabetes websites (Holtz, 2020), and the user challenges for first-time users of commercial 

diabetes smartphone apps (Fu et al., 2021). 
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In the field of qualitative research, there is much overlap between QCA and thematic 

analysis, another frequently used form of qualitative exploration, and although both forms of 

analysis can facilitate both data-driven and theory-driven approaches (Braun & Clarke, 2006; 

Fereday & Muir-Cochrane, 2006), QCA was used in the present study as it better facilitates 

data quantification if such quantification is required (Vaismoradi et al., 2013). Given the 

large number of topics or categories in this study, it was anticipated that some topics may not 

elicit discussion to the same level of detail as others, particularly as participants were no 

longer gaining hands-on experience with the digital DPP. While it is possible that topics such 

as desired features for the digital DPP could elicit in-depth discussion, the data regarding this 

topic could be quantified, with findings expressed through a feature list with associated 

frequencies regarding the number of times each feature was suggested.  

Qualitative content analysis is often explained as a dichotomy of approaches: 

inductive content analysis, and deductive content analysis. While it has been argued that both 

approaches are applied dynamically in varying degrees within most studies (Armat et al., 

2018), they are still regarded as separate forms of QCA. Inductive (also known as 

conventional) content analysis aims to describe a phenomenon when existing theory 

regarding the phenomenon is limited (Elo & Kyngäs, 2008). Researchers avoid using 

preconceived categories and allow the categories (or themes) and their labels to flow from the 

data (Hsieh & Shannon, 2005). In contrast, deductive (also known as directed) content 

analysis is used when existing theory about a phenomenon has been developed, or when 

existing theory would benefit from further description (Hsieh & Shannon, 2005). According 

to Hsieh and Shannon (2005), this directed approach to QCA can be used to validate or 

conceptually extend a theoretical framework or theory. As the aim for study three was to 

apply an augmented form of the research model used in study two and explore the extended 

views and experiences of participants with regards to the factors that influence the 

acceptability of a digital DPP, both deductive and inductive approaches were used as 

described by Elo and Kyngäs (2008) and Hsieh and Shannon (2005). This combined 

approach to QCA has been applied in previous health studies (Andersson et al., 2015; 

Fridberg et al., 2021; Sandström et al., 2015).  

As a deductive-inductive approach was used, both manifest and latent content was 

analysed. Manifest content has been compared to the surface structure of the text (or explicit 

message) and can be recorded with a high degree of reliability with little interpretation 

needed; whereas latent content is implicit and embedded in the message, requiring the 
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researcher to use cognitive deduction or even their own subjective feelings to interpret the 

text’s meaning (Kim & Stepchenkova, 2015). In the present study, the manifest content (e.g., 

the participant may find it challenging to engage in physical activity) was prioritised during 

deductive analysis and coded to categories pertaining to the research framework; while latent 

content (e.g., reasons as to why the participant finds physical activity challenging) was 

identified through inductive analysis and used to generate themes. Given that the study aim 

was to explain the relationships between the factors of the framework (albeit in greater 

detail), descriptive themes (e.g., what the participants were trying to say) were used over 

themes of meaning (e.g., the underlying meaning of their stories). According to Graneheim et 

al. (2017), descriptive themes describe ‘the red thread’ that does not vary through the data. 

They give direction and nuance to the data, and the interpretation degree is usually moderate, 

though the abstraction level can vary. Conversely, themes of meaning illustrate a 

comprehensive interpretation of data. Like descriptive themes, they give direction and nuance 

to the data, but with a higher degree of interpretation on a more abstract level. 

2.6.2.3. Epistemological Position. The epistemological approach adopted by this 

study was that of subtle realism, a position which understands that research involves 

subjective perception, but also believes that there is an underlying reality that can be studied 

(Mays & Pope, 2000). Martyn Hammersley, who coined the term, stated that we can only 

know this reality from our own perspective in it, and therefore one can only be confident in 

their interpretation of the data but cannot be certain of its validity (Hammersley, 1990, 1995). 

Despite this lack of certainty, Silverman (1993) views subtle realism as the only approach 

that allows us to develop any confidence in qualitative research. Silverman further states that 

validity can be enhanced through careful case selection, ongoing hypothesis testing, inductive 

analysis, and quantifying through counting. Each of these processes are well-suited to QCA, 

and so compatibility exists between study three’s epistemological and analytical approaches. 

2.6.2.4. Reflexivity. Reflexivity is defined as a critical approach to professional 

practice that questions how knowledge is generated, and how power relations influence the 

process of knowledge generation (D’cruz et al., 2007). It implies that researchers actively 

influence the data collection process, and the interpretation of the data, key findings, and 

conclusions. In the present study, it was important for the primary researcher to consider how 

aspirations, characters, values, philosophies, experiences, belief systems, and social identities 

have shaped the research; and ponder about how the research may have touched, affected, 
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and possibly transformed the researcher as both a professional and a person (Palaganas et al., 

2017). 

Prior to working on this study, the primary researcher (LV)–who identifies as male 

(pronouns: he/him), and has a very low risk of developing T2DM according to the 

FINDRISC (Lindström & Tuomilehto, 2003)–had obtained a master’s degree in health 

psychology and has 10 years of practical experience working with males and females at risk 

of developing T2DM as both a health and fitness trainer and nutritionist. However, as the 

researcher was not working in a professional capacity for this study and had not engaged in 

this line of work within the previous six years, this professional history was not disclosed to 

participants. The researcher aimed to remain aware of the uniqueness of each individual 

experience, but also acknowledge that it would be impossible to prevent previous 

professional experience from exerting influence over the interpretation of the participants’ 

experiences. However, participants in this study were of a similar demographic to the 

researcher’s previous clients, and many participants (like the researcher) had obtained a 

postgraduate degree. Therefore, these similarities may have cultivated rapport. This rapport, 

which is stated to involve harmonious interaction between parties, and describes the quality 

of any relationship between two people, has long been recognised as a central component of 

qualitative interviewing (Gremler & Gwinner, 2008; Prior, 2018). Despite being of a different 

gender to the researcher and having a higher T2DM risk profile, participants who had 

obtained their postgraduate degree may have been more willing to share their experiences due 

to a past or present affiliation with academia, or by empathising with the researcher regarding 

the research process and its potential challenges. According to Prior (2018) it is this 

affiliation and empathy that defines the concept of rapport. 

To gain additional insight into the experiences of participants and to minimise 

researcher bias, a second researcher was involved with the review of each interview, and the 

data analysis plus reporting processes. This second researcher (CT) who identifies as female 

(pronouns: she/her), was of comparable age to the sample’s mean age. She holds a master’s 

degree in psychology and has extensive experience in cognitive psychology and decision 

making. Additionally, she shares a similar T2DM risk status to most of the participants, and 

therefore anticipated some overlap between the participants’ experiences and her own. 

Furthermore, it was suggested that her personal experiences may facilitate the identification 

of additional latent content within the audio and transcripts, or a deeper interpretation of the 

participants’ accounts (Hsieh & Shannon, 2005). While the focus of this study was to analyse 
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latent content at the descriptive level rather than examine its underlying meaning, the 

researchers thought it remiss to ignore important underlying themes if identified, as these 

could represent important future research avenues or healthcare practice considerations. 

Reflexivity was further facilitated through a reflexive journal which the primary 

researcher maintained throughout the interview and data analysis process. In this journal, the 

researcher routinely recorded his thoughts, feelings, and perceptions before each interview, 

during the first listening and transcription of each interview, and ad libitum throughout the 

deductive and inductive phases of QCA. Furthermore, categories, codes, and themes were 

discussed frequently between researchers both in the context of the data, and in relation to 

their own perspectives and potential biases. 

2.6.3. Procedure 

 Ethical approval for this study was granted by the NUI Galway Research Ethics 

Committee. A copy of this approval can be found in Appendix F. The reporting of this study 

was guided by the consolidated criteria for reporting qualitative research (COREQ) checklist 

(Tong et al., 2007) which can be found in Appendix L. 

 2.6.3.1. Participants. The participants for this study were recruited from the pool of 

questionnaire completers in study two. These were English-speaking adults aged 18 and over 

living in Ireland (with no previous diagnosis of T1DM or T2DM) recruited online between 

October 2020 and April 2021 through press releases, social media, health and council 

organisations, and academic institutions, then asked to complete a 15-minute questionnaire 

on digital health and T2DM prevention. Upon completing the questionnaire, participants 

were shown a recruitment flyer for study three (see Appendix M) and given the option of 

providing their contact details to express interest in a follow-up interview to be conducted via 

phone or video. From the questionnaire responses, each participant’s BMI and FINDRISC 

(Lindström & Tuomilehto, 2003) score was calculated to determine their eligibility to be 

interviewed. For the present study, those who completed the questionnaire in study two and 

opted in to being contacted about an interview, were eligible to participate if they registered: 

(a) a BMI of 25 or greater, placing them above the healthy weight range; and/or (b) a 

FINDRISC score of 15 or greater, placing them in the ‘high risk’ category for T2DM.  

 2.6.3.2. Sampling and Recruitment. Eligible participants were contacted by LV via 

email and invited to participate in a 30-minute phone or video interview to share their 

thoughts on the digital DPP they viewed in the questionnaire, in addition to their thoughts on 
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T2DM, eating behaviours, physical activity, and DHTs. A €20 One4All gift card was also 

offered as incentive to participate. All prospective participants received a study information 

sheet (see Appendix N) and consent form (see Appendix O) which could be signed digitally 

and returned via email. The recruitment flowchart can be found in Appendix P. Of those 

eligible to participate, 52 females and 11 males expressed interest in being interviewed. A 

stratified sampling approach was used to recruit a comparable number of participants 

between the characteristics of gender, age, BMI, and FINDRISC category. Twenty-six 

females and all 11 males were contacted on a rolling basis, with 17 females agreeing to an 

interview and providing informed consent. However, no males agreed to be interviewed. 

2.6.3.2.1. Data Saturation. The concept of data saturation and its application as a 

marker of sampling adequacy has been described as a necessary and expected component of 

qualitative research (O’reilly & Parker, 2013). It has even been described as the ‘gold 

standard’ by which sample sizes are determined in health science research, where failure to 

reach saturation point may impact the quality of the research and hinder its validity (Fusch & 

Ness, 2015; Guest et al., 2006). Data saturation has been defined within the literature in 

various ways, raising several problematic conceptual and methodological issues. However, it 

is most often broadly and loosely defined as information redundancy, or the point at which no 

new information, codes, or themes can be extracted from the data (Braun & Clarke, 2021; 

Saunders et al., 2018). It has been argued that, because of external constraints such as funding 

deadlines and other time pressures, data saturation should not dictate sampling adequacy and 

study validity, particularly when used as a pre-meditated approach (Dey, 1999; Mason, 

2010). Furthermore, as long as data continue to be collected, there will always be new 

theoretic insights (Low, 2019), suggesting that the pursuit of data saturation may be an 

exercise in futility. However, rather than discount it entirely, Low (2019) called for a more 

pragmatic definition of data saturation, and offered a set of questions–based on the seminal 

works of Corbin and Strauss (1990) and Strauss and Corbin (1998)–that qualitative 

researchers can answer, which provide a practical way of determining when pragmatic 

saturation has been reached. 

According to Low’s (2019) criteria, the opening set of questions assess whether the 

conceptual model is robust. First, does the model address process? Second, does the model 

address the core explanatory questions of ‘how’ and ‘why’, not merely descriptive accounts 

of ‘what’ questions? Third, does the model address deviant cases? The next set of questions 

assesses whether the conceptual model or theoretical explanation make sense given prior 
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research. First, is the model or explanation informed by theoretical sampling including that of 

the relevant literature? Second, does the analysis rest on the assumption that the unit of 

analysis is the concept, not the person, the group, or the case? Third, does it generate 

‘categories’ that is, general concepts that connect to form a conceptual model that is 

generalisable because it is contextualised in the broader social context? 

Given that study three was guided by a research framework that was empirically 

tested in study two, several criteria offered by Low (2019) were satisfied the moment the 

present study was conceived. Therefore, applying this criteria as the sole measure of 

sampling adequacy and study validity would be tautological, even though these conditions 

are rooted in grounded theory (e.g., Glaser & Strauss, 1967), the very form of qualitative 

exploration that (perhaps inadvertently) engendered the modern interpretation of data 

saturation. An information power approach was therefore adopted to operate alongside Low’s 

(2019) criteria. Information power, is a concept proposed by Malterud et al. (2016) as a 

pragmatic model for assessing adequate sample size in qualitative studies, where the larger 

information power the sample holds, the lower sample size is needed. The authors suggest 

that the size of a sample should depend on: (1) the aim of the study, (2) sample specificity, 

(3) the use of established theory, (4) quality of dialogue, and (5) the analysis strategy 

(Malterud et al., 2016).  

Each of these five criteria were discussed by the present researchers and assessed 

against the study aims and procedures to decide whether each criterion would require the 

study to have a lower, moderate, or higher sample size. For each criterion, the researchers 

rated the outcome as either low, moderate, or high, reflecting whether the study would need a 

low, moderate, or high sample size, based on that criterion. The final target sample range was 

generated using an average outcome across all five criteria. First, while the aim of the study 

was clearly defined, a broad range of topics were included (thus a rating of ‘moderate’ was 

given). Second, the recruitment criteria were relatively specific, as adults at risk of 

developing T2DM were recruited through a research study they had all previously completed; 

and, given the age range of participants, there was likely sufficient variation in the 

experiences to be explored (also moderate). Third, the study had a strong theoretical 

background as it was based on an empirically tested research model which itself was 

informed by multiple theories and models (thus rated ‘low’). Fourth, the interview dialogue 

was expected to be strong, as the researcher has an extensive background and practical 

experience working and interacting with adults at risk of T2DM (also low). Fifth, QCA was 



78 
 

used, with themes generated at the descriptive level (low). Based on this assessment it was 

agreed that a sample size of between 14 and 18 participants would achieve sufficient 

information power. After ten interviews were conducted, transcribed, and reviewed, the 

researchers performed an assessment of the sample’s information power and appraised the 

data against Low’s (2019) criteria. This process was repeated after each subsequent interview 

until it was decided that after 17 interviews, the information power was sufficient to answer 

the research questions, and that each of Low’s criteria had been met. 

 2.6.3.3. Data Collection. After providing informed consent, participants were sent an 

email that contained a seven-page colour brochure (see Appendix K), and links to two, three-

minute videos (see Appendix Q), all showcasing the digital DPP from study two, as featured 

in the NHS-DPP digital pilot (Murray et al., 2019). Participants viewed these materials before 

attending the interview. Semi-structured interviews were conducted by LV online via Zoom 

(Zoom Video Communications Inc, 2021) or Microsoft Teams (Microsoft, 2021) between the 

months of February and March, 2021. The researcher commenced each interview by 

introducing himself to the participant and providing a summary of the research aims and 

implications. Participants were then asked if they had familiarised themselves with the 

brochure and videos. The researcher then explained the format of the interview and how 

confidentiality would be maintained. The researcher closed the introduction by asking the 

participant if they wish to proceed and give consent for the interview to be audio recorded. 

 The interview guide (see Appendix R) was developed in line with an extension of the 

research model from study two. In this ‘extended framework for digital DPP acceptability’ 

(see Figure 2.3) health behaviour factors were included to address healthy eating and 

physical activity, the key health behaviours in the prevention of T2DM. Feedback Factors 

were also included as it was expected that any or all factors of the framework may influence 

participants’ opinions regarding desired features for an Irish digital DPP, and that 

incorporating such features could improve programme acceptance after first use. Items of the 

interview guide were designed to elicit discussion regarding participants’ understanding of 

T2DM and personal thoughts regarding the condition, the facilitators and barriers to physical 

activity and healthy eating, their experiences with social influence regarding their health 

behaviours and DHT use, their eHealth literacy skills and readiness to engage with DHTs, 

their perceptions of the Digital DPP, and the features they would like to see included in the 

programme. Before its application, the interview guide was reviewed by the extended 

research team who have substantial experience in qualitative research, and feedback was 
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provided by members of the NCPD and adults at risk of developing T2DM. The guide was 

then pilot tested on the first participant. Following this, additional prompts were added to 

facilitate additional discussion on certain topics. In each interview, the guide was followed to 

ensure all topics were addressed. However, the discussion was led by the participant, with 

prompts only used when required, such as asking for elaboration. The duration of the 17 

interviews ranged between 22 and 45 minutes with a mean duration of 33 minutes. Audio 

files were imported into QSR International’s (2021) NVivo software (released in March 

2020), anonymised, and then transcribed verbatim by LV for analysis. Transcripts were 

checked for accuracy by both LV and CT. However, the transcripts were not returned to 

participants for comment or correction. 

 

Figure 2.3 

Extended Framework for Digital DPP Acceptability 

 

Note. Dark shaded boxes enclose the present study topics. Boxes with broken outlines 

represent precursor factors from the research model in study two. Arrows represent directions 

of influence. 

 

 2.6.3.4. Data Analysis. Both deductive and inductive QCA were used, each guided by 

the steps described by Elo and Kyngäs (2008) and Hsieh and Shannon (2005). Before the 

transcripts were deductively and inductively analysed, the primary researcher engaged in a 
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data familiarisation process. After transcribing the data, preliminary notes were taken 

regarding contextual information and meaning obtained through both the interview process 

and upon hearing the audio. Audio was then reviewed a second time to verify the transcripts 

and to add additional notes regarding potential subcategories and themes. 

 2.6.3.4.1. Deductive Content Analysis. First, six structured categorisation matrices 

were developed to match the six factor clusters of the research framework. Each matrix 

contained one or more categories, with each category representing an interview topic (e.g., 

the personal health factor matrix contained the categories of: knowledge of T2DM and 

perceived threat of T2DM), while some also contained sub-categories (e.g., the heathy eating 

category contained the sub-categories: barriers to healthy eating, and facilitators to healthy 

eating). Second, initial coding was conducted by LV where each section of text was coded if 

it fit a category or sub-category based on its manifest or ‘face value’ content. Potentially 

relevant text that did not fit any sub-category was coded under prospective sub-categories. 

All coding was then reviewed by CT. This was followed by a discussion between LV and CT 

in which the coding structure was revised where necessary. Third, the categorisation matrices 

were revised through discussion between LV and CT based on the coding structure. During 

this process, new sub-categories were added, and existing categories were split into sub-

categories if necessary. A snapshot of the coding process conducted in NVivo is presented in 

Figure 2.4. 
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Figure 2.4 

Snapshot of the Coding Process Conducted in NVivo 

 

 

 2.6.3.4.2. Inductive Content Analysis. First, all codes were independently reviewed 

by LV and CT, then verified against the revised categorisation matrices. The final matrix 

structure can be found in Table 2.1. Second, codes under each category or sub-category were 

explored to identify frequent data patterns and commonly expressed thoughts or points that 

were pertinent to the research questions. Through this exploration, one or more themes were 

identified under each category or sub-category. Sub-themes were also created in cases where 

clear opposing views or experiences among participants were present under one single theme. 

While the qualitative content analysis literature (e.g., Elo & Kyngäs, 2008; Hsieh & Shannon, 

2005) often refers to these ‘code clusters’ as categories or main categories, they were referred 

to as ‘themes’ in this study as the term ‘category’ here was used to describe the research 

topics. A visual representation of the distinction between categories and themes, and an 

overview of the combined deductive-inductive process is presented in Figure 2.5. Third, 

themes and sub-themes were independently reviewed against the codes by LV and CT. Both 

researchers then discussed the representativeness and distinctiveness of the themes, and how 

they align with the study aims and research questions. Fourth, quotes under each theme were 

reviewed by LV and CT to ensure they fit within the theme. Quotes that did not fit were 
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removed or transferred to another theme. Themes were then labelled descriptively and 

discussed to ensure that all labels were a valid representation of the theme they describe. 

Fifth, all final themes were presented and reported via manuscript, where each theme was 

supported by quotes from various participants who were each identified by a participant 

number only.  

 

Table 2.1 

Categorisation Matrices Representing the Research Topics 

Matrix Category Sub-category 

Personal Health Knowledge of T2D  

 Perceived threat of T2D  

Social Influence Subjective norm  

 Image  

eHealth Literacy eHealth readiness  

 Communicative eHealth literacy  

Health Behaviour Eating healthily Barriers to eating healthily 

  Facilitators of eating healthily 

 Physical activity Barriers to physical activity 

  Facilitators of physical activity 

Intervention Perceived usefulness  

 Perceived ease of use  

 Intention to use the digital DPP Intend to use the digital DPP 

  Do not intend to use the digital DPP 

Feedback Desired features for the digital DPP  

Note: All six matrices are combined here to form one table. 
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Figure 2.5 

Overview of the Qualitative Content Analysis Process 

 

Note: This image is for illustrative purposes only and does not reflect the final results. The 

categories and sub-categories presented here were labelled a priori as they were framework 

driven, reflecting the research topics. Theme and sub-theme labels were data-driven and were 

thus determined during the inductive analysis process.  

  

2.7. Ethical Considerations 

 This research was guided by the framework for evaluating the ethics of clinical 

research studies. This framework, developed by Emanuel et al. (2000), lists seven 

requirements that determine whether research involving human participants is conducted 

ethically. These requirements are as follows: 

1. The research must be of social or scientific value. For example, that it evaluates a 

diagnostic or therapeutic intervention that could lead to improvements in health or 

wellbeing. 
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2. It must be scientifically valid, that is, conducted in a methodologically rigorous 

manner. 

3. It must include fair participant selection so that vulnerable individuals are not 

disproportionally targeted for risky research. 

4. There must be a favourable risk-benefit ratio, where risks are minimised, and benefits 

maximised. 

5. It must be subject to independent review, that is, the research design should be 

evaluated by individuals unaffiliated with the research. 

6. Informed consent must be provided. Detailed information regarding the research 

purpose, procedure, benefits, and risks should be disclosed so that the individual 

understands this information and can volunteer whether they wish to enrol or continue 

to participate. 

7. Respect for potential and enrolled participants should be present. For example, 

granting the right to withdraw at any time, maintaining privacy and confidentiality, 

and informing them of newly discovered risks or benefits. 

As human participants were recruited for studies two and three, ethical approval was 

sought and obtained from the NUI Galway Research Ethics Committee. This approval notice 

can be found in Appendix F. The main ethical concerns for these studies were those of 

scientific validity, fair participant selection, informed consent, informing participants of risks 

and results, and confidentiality and anonymity. The following sections outline how each of 

these ethical concerns were addressed in both studies. 

2.7.1. Scientific Validity 

 Several measures were taken to ensure that each study conformed to the relevant 

standards and recommendations. First, the systematic review for study one was conducted in 

accordance with PRISMA guidelines (Moher et al., 2009) to ensure that the reporting quality 

of this review met stringent standards. This included the presentation of the PRISMA 

flowchart (see Chapter Three, Figure 3.1), and PRISMA checklist (see Appendix B). 

Moreover, the review protocol was pre-published on PROSPERO (see Van Rhoon et al., 

2018). Second, the self-report questionnaire used in study two was developed using measures 

that had been validated in previous studies. However, to ensure the construct validity of the 

factors in this new research context, CFA was conducted prior to testing the research model. 
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This CFA was important in establishing the convergent validity and discriminant validity of 

the measurement model (Harrington, 2009). To further validate the measurement model and 

test for CMV, a CLF test was applied (see Eichhorn, 2014). Third, the COREQ checklist 

(Tong et al., 2007) was used in study three to ensure that all key aspects of the qualitative 

research process were considered and reported where necessary. A copy of this checklist can 

be found in Appendix L. 

2.7.2. Fair Participant Selection 

 The systematic review for study one excluded studies involving participants with 

previously diagnosed GDM. This exclusion criterion was set to minimise heterogeneity 

between interventions, as heterogeneity was already a common issue among digital T2DM 

prevention interventions (see Bian et al., 2017; Joiner et al., 2017). Moreover, as GDM 

affects 7 to 10% of pregnancies worldwide (Behboudi-Gandevani et al., 2019), and digital 

health interventions currently exist to help people manage or prevent GDM specifically (e.g., 

Mackillop et al., 2018; Mackillop et al., 2014; Sung et al., 2019), a stand-alone review of 

digital GDM interventions is warranted. 

While the COVID-19 pandemic limited the recruitment avenues for studies two and 

three, the aim was to obtain a sample with as much diversity as possible. The GDM exclusion 

criterion was not applied in studies two and three as the aim of these studies was to identify 

those at risk of developing T2DM. It was important to include people with previous GDM as 

they are at a disproportionally high risk of developing T2DM (Clausen et al., 2009) and may 

therefore be in relatively greater need of a digital DPP. Stratified sampling was used, where 

eligible and interested prospective participants were divided into groups based on gender, 

age, BMI, and FINDRISC category. Individuals in each group or ‘stratum’ were assigned a 

random number via random.org (Haahr, 2020) an online random number generator, and then 

contacted in numerical order on a rolling basis. This process ensured that participants in each 

stratum had an equal chance of being contacted first, second, or third etc. before recruitment 

closed.  

2.7.3. Informed Consent 

 To give informed consent, one should understand the purpose, process, risks, benefits, 

and alternatives to research (where available) and make a free, voluntary decision about 

whether to participate (Jefford & Moore, 2008). The information for each study was 

presented to participants in lay terms and included details on who was conducting the study, 
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the purpose of the study, what the participant will be asked to do, what will happen to their 

data, what they must do to participate and give informed consent, and who they can contact 

for further details or issues. In study two, this information was presented to participants 

online or in hard copy (see Appendix I). In study three, this information (see Appendix N) 

was issued to participants via email once they expressed interest in participating, then issued 

again verbally at the beginning of the video interview period before the actual interview and 

audio recording could commence. In both studies, once the information was read by 

participants, they had to click the appropriate buttons (if online), or tick boxes and sign (if 

hard copy), stating that they: (a) have read the information, (b) understand the information 

and have had enough time to process the information, (c) are aware that they can withdraw 

from the study at any time without reason and penalty, and (d) agree to take part in the study 

and provide informed consent. The consent forms for studies two and three can be found in 

Appendices J and O respectively. 

2.7.4. Informing Participants of Risks and Results 

 As the questionnaire issued to participants in study two contained items that would be 

used to determine their risk of developing T2DM and would subsequently determine their 

eligibility to be interviewed for study three, the researchers would have knowledge about 

each participant’s risk that the participants themselves may not be privy too. This posed a 

slight ethical dilemma. However, while the researchers would know each participant’s risk 

for potential harm (that is, developing T2DM), this harm was in no way influenced (or 

caused) by participation in either study. Additionally, although the calculation and 

identification of risk scores in study two were a ‘result’ of participation (as they may never 

know whether they are at risk if not for participating in this study), and pertain to a clinical 

condition (T2DM), this is likely not the scenario that was envisioned when the framework by 

Emanuel et al. (2000) was developed. 

While blood tests are considered the ‘gold standard’ for T2DM risk screening 

(American Diabetes Association, 2018), it could be argued that all participants should be 

notified of their risk based on the FINDRISC score in study two; as, if one is informed that 

they are at greater risk, it may encourage them to see their GP and request an official 

screening. However, one could counter-argue that, as the FINDRISC is not a definitive 

screening tool, a false negative (e.g., the participant receives a low FINDRISC score, but 

would be in the PDM or T2DM range on a blood test), or false positive (e.g., the participant 

receives a high FINDRISC score, but a blood test would reveal ‘normal’ blood glucose 
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levels) could occur. The false negative scenario could lead the participant to believe they are 

not at risk, potentially reducing their perceived need to attend a screening; while a false 

positive could generate stress in the participant, one that may not be present if not for this 

new information regarding their health status. A recent qualitative study found that once 

diagnosed with PDM (albeit via HbA1c test), participants experienced distress and fear 

regarding their future health, including physical symptoms, and the need to adapt their 

lifestyle (Strachan et al., 2018). 

With these factors in mind, it was important to maintain respect for participant 

autonomy, and so participants were given the choice as to whether they received this score or 

not. The information sheet for study two informed participants that the questionnaire would 

contain items that will be used to assess their risk of developing T2DM and that they will be 

given the choice at the end of the questionnaire to either ‘opt in’ or ‘opt out’ of receiving this 

score via email. Participants who chose to receive this score were sent an email (see 

Appendix S) which presented their numerical FINDRISC score, their risk category (e.g., low, 

moderate, high), and weblinks to the relevant diabetes.ie (Diabetes Ireland, 2020a) and hse.ie 

(HSE, 2020b) websites where they could find out more about this risk and T2DM as a 

condition. Participants were also informed that this was not a definitive risk assessment or 

diagnosis and advised to contact their GP if they had any further questions or concerns.  

2.7.5. Confidentiality and Anonymity 

 To ensure confidentiality in study two, participant contact details were removed from 

the questionnaire data file and exported to a separate document. Each document was then 

protected via password and stored on a password-protected computer. Emails containing 

participant T2DM risk scores were sent from a secure password-protected account that was 

established specifically for the purpose of issuing participants their scores once requested. In 

study three, the following steps were taken. First, each participant was granted a pseudonym 

in the form of a participant number. Second, the interview video files were deleted and only 

the audio files retained. Third, all audio files were transcribed to text and the audio files 

subsequently deleted. Fourth, during the transcription process, all potentially identifying 

details (e.g., people’s names, place names) were replaced with generic terms or phrases (e.g., 

‘friend’ or ‘place of residence’). Fifth, a second researcher screened transcripts to ensure no 

potentially identifying details were included. All documents and project files were password 

protected and stored on a password-protected computer. 
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2.8. Summary of the Chapter 

This chapter provided an outline of the overarching methodological structure of this 

research, including its aims, objectives, and study design. To build the evidence base for the 

development and implementation of a digital DPP for adults in Ireland who are at risk of 

developing T2DM, a series of three studies was conducted. These studies aimed to: (1) 

identify the evidence base of digital DPPs by establishing what works and how; (2) identify 

and develop theory to assess what factors influence one’s intention to use a digital DPP; and 

(c) explore the experiences of adults at risk of T2DM regarding these factors, and how and 

why these factors might affect a digital DPP’s acceptability. A description of each study’s 

methods and research procedure was presented, with appropriate rationale provided. The 

chapter concluded with a discussion of the ethical considerations of this research, namely 

those of scientific validity, fair participant selection, informed consent, informing participants 

of risks and results, and confidentiality and anonymity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



89 
 

3. Study One: A Systematic Review of the Behaviour Change Techniques and Digital 

Features in Technology-Driven Type 2 Diabetes Prevention Interventions 

Van Rhoon, L.1, Byrne, M.1, Morrissey, E.1, Murphy, J.2 & McSharry, J.1 

1Health Behaviour Change Research Group, School of Psychology, National University of 

Ireland Galway, Ireland. 

2Medication Adherence Across the Lifespan Research Group, School of Psychology, 

National University of Ireland Galway, Ireland. 

3.1. Abstract 

Objectives: Our aim was to conduct a systematic review to determine the effectiveness of 

technology-driven diabetes prevention interventions in producing clinically significant weight 

loss, and to identify the behaviour change techniques and digital features frequently used in 

effective interventions. 

Methods: We searched five databases (CINAHL. EMBASE, MEDLINE, PsychINFO, and 

PubMed) from inception to September 2018 and reviewed 19 experimental and non-

experimental studies of 21 technology-driven diet plus physical activity interventions for 

adults (≥18 years) at risk of developing type 2 diabetes. Behaviour change techniques were 

coded using the BCT taxonomy v1, and digital features were identified via thematic analysis 

of intervention descriptions.  

Results: Sixty-three per cent of interventions were effective in the short term (achieving ≥3% 

weight loss at ≤6 months), using an average of 5.6 more behaviour change techniques than 

non-effective interventions; and 33% were effective in the long term (achieving ≥5% weight 

loss at ≥12 months), using 3.7 more behaviour change techniques than non-effective 

interventions. The techniques of social support (unspecified), goal setting 

(outcome/behaviour), feedback on behaviour, and self-monitoring of outcome(s) of behaviour 

were identified in over 90% of effective interventions. Interventions containing digital 

features that facilitated health and lifestyle education, behaviour/outcome tracking, and/or 

online health coaching were most effective.  

Conclusion: The integration of specific behaviour change techniques and digital features 

may optimise digital diabetes prevention interventions to achieve clinically significant weight 

loss. Additional research is needed to identify the mechanisms in which behaviour change 
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techniques and digital features directly influence physical activity, dietary behaviours, and 

intervention engagement. 

Keywords: Systematic review, type 2 diabetes, diabetes prevention, diet, physical activity, 

digital health, health behaviour change, weight loss.  

3.2. Introduction 

The global prevalence of diabetes represents a major public health concern. In 2015, 

the number of adults with diabetes was estimated at 415 million worldwide, with this figure 

projected to rise to 642 million by the year 2040 (Ogurtsova et al., 2017). Type 2 Diabetes 

(T2D) accounts for approximately 90% of all diabetes cases, and those with the condition 

face an additional two-to-fourfold risk of coronary heart disease (Alberti et al., 2007; 

American Diabetes Association, 2013). Overweight and obesity are the main drivers of T2D 

with 60% of diabetes cases directly attributed to weight gain (Yach et al., 2006). Based on 

international evidence from several landmark prevention studies (Knowler et al., 2002; Pan et 

al., 1997; Tuomilehto et al., 2001) the International Diabetes Federation concluded that 

modifications to diet and physical activity are key to diabetes prevention (Alberti et al., 

2007). In the largest of these studies, the Diabetes Prevention Program included one-on-one 

health coaching and provided sixteen 30-60-minute educational sessions on diet, exercise, 

and behaviour modification. Participants lost an average of 5-7% of baseline body weight 

after one year, leading to a 58% study-wide reduction in T2D incidence over three years 

(Knowler et al., 2002). Current US and UK diabetes prevention guidelines therefore 

recommend a weight loss target of at least 5% (CDC, 2018; NICE, 2019). 

Despite their effectiveness, the implementation of such large-scale, intensive 

programs may not be feasible in routine clinical practice where health care resources are 

limited (Dunkley et al., 2014; Greaves et al., 2011). In view of this, smaller-scale diabetes 

prevention interventions (DPIs) have been adapted from the original Diabetes Prevention 

Program for implementation in ‘real world’ community settings (Cardona-Morrell et al., 

2010; Whittemore, 2011). Systematic reviews of these community based DPIs concluded that 

the interventions can promote clinically significant weight loss, as evidenced by an average 

4-5% reduction in baseline body weight (Ali et al., 2012; Whittemore, 2011). However, 

despite offering greater accessibility and sustainability (Vojta et al., 2013) community-based 

DPIs still require face-to-face delivery, which present participation barriers such as 
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transportation, family/work commitments, and cost (Johnson & Melton, 2016; Shawley-

Brzoska & Misra, 2018). 

Technology-driven DPIs have been developed to overcome the participation barriers 

of face-to-face DPIs by offering lifestyle education and support remotely or automatically via 

text messages, smartphone applications, or websites (Grock et al., 2017). Recent meta-

analyses of DPIs delivered via digital technologies reported results comparable to the reviews 

of community based DPIs. Bian et al. (2017) reported a mean two-year weight loss of 4.81 kg 

across 15 studies; and Joiner et al. (2017) found an overall weight loss of 3.98% at 15 months 

across 22 studies. However, a number of the reviewed interventions were not necessarily 

technology-driven, with both meta-analyses including interventions that were delivered 

exclusively in real time by a human coach via phone or teleconference. Although these 

modes of delivery can be more accessible for participants, phone-based interventions require 

mutually convenient meeting times between participant and coach. Furthermore, these 

interventions may still incur substantial time and resource costs, as health coaches must drive 

the intervention by frequently interacting with participants in real time. This may be 

particularly resource-intensive if sessions are delivered one-on-one. Importantly, both meta-

analyses also reported significant inter-study heterogeneity in the modes of delivery, 

materials used, and the amount of weight lost; and the most effective behavioural and digital 

components or ‘active ingredients’ of the interventions remain unclear. 

Behaviour change techniques (BCTs) are the observable, replicable and irreducible 

intervention components, designed to modify the processes that regulate behaviour (Michie et 

al., 2013). A taxonomy of BCTs was developed to provide a standardised list of BCT labels 

and definitions, and evidence suggests that specific BCTs may be effective in improving 

dietary and physical activity behaviours (Michie et al., 2011; Michie et al., 2013). European 

diabetes prevention guidelines state that self-regulatory BCTs (e.g., goal setting, self-

monitoring), action planning, problem solving, and social support should be present in all 

face-to-face DPIs (Greaves et al., 2011; Lindström et al., 2010). However, no review to date 

has assessed the use of BCTs in technology-driven DPIs. 

Reviews of mobile health diabetes management studies have examined the links 

between technological features and intervention effectiveness. Donevant et al. (2018) found 

that interventions with statistically significant outcomes used a combination of interactive 

features (where participants respond to or modify content in real time) and passive features 
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(where a response is not required), while interventions without significant outcomes were 

more likely to have used passive features only. Holcombe (2015) found that interactive two-

way text messages were more effective than passive one-way text messages at improving 

glycated haemoglobin (A1c) and medication adherence in adults with T2D. However, as the 

reviewed interventions focused on the management of T2D, it is not yet known which digital 

features are most effective in diabetes prevention. Furthermore, these reviews excluded 

interventions that were delivered using non-mobile digital platforms such as desktop 

computers or websites. 

As DPIs that incorporate technology vary in content and outcomes, identifying the 

most effective behavioural and digital components in technology-driven DPIs is important to 

delineate potential causal pathways between components and outcomes, and inform the cost 

and resource optimisation of future interventions. To achieve this, it must first be determined 

which technology-driven DPIs are effective in producing clinically significant weight loss, 

and following this, the most effective components can be identified. However, no review to 

date has either applied the BCT taxonomy to identify the techniques used in technology-

driven DPIs or performed a digital feature assessment. In light of this, the present review has 

two primary aims: 

1. To determine the effectiveness of technology-driven DPIs in producing clinically 

significant weight loss and improvements in additional outcomes linked to the onset 

of T2D; and 

2. Identify the BCTs and digital features most frequently used in effective interventions. 

3.3. Methods 

This review followed the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines (Moher et al., 2009) (see Appendix I). The protocol 

was registered with the International Prospective Register of Systematic Reviews 

(PROSPERO) [CRD42018097195]. 

3.3.1. Study Eligibility Criteria 

We included experimental and non-experimental studies, published in English, that 

assessed the effectiveness of technology-driven (e.g., automated phone calls or messages, 

smartphone application, text, email, instant message, video, website) diet and/or physical 

activity interventions for adults, age 18 and over, who are at risk of developing T2D (e.g., 

individuals with prediabetes, metabolic syndrome, overweight/obesity). This included 
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observational studies, single-arm intervention studies, and randomised and non-randomised 

trials which assessed the intervention against a control group or alternative DPI. Studies must 

have had an explicit aim of preventing T2D or reducing the risk of developing T2D; and 

reported at least one of the following outcomes: body weight, glycaemic status (either A1c or 

fasting glucose), or T2D incidence. Studies were excluded if: participants had previously 

received a diagnosis of type 1, type 2, or gestational diabetes; the interventions were 

delivered exclusively in real-time via human coach (e.g., face-to-face, phone call, 

teleconferencing); or if technology was only used to supplement an unmodified face-to-face 

intervention. 

3.3.2. Study Search and Selection 

A systematic literature search of five databases (CINAHL, EMBASE, MEDLINE, 

PsycINFO, and PubMed) was conducted by the lead author (LV) to identify relevant studies 

published between database inception and September 3, 2018. Search terms (see Appendix C) 

included key words, phrases, and Medical Subject Headings relevant to T2D risk, prevention 

interventions, diabetes-relevant outcomes, and digital modes of delivery. 

All records retrieved from the database search were imported into EndNote X5 

(Clarivate Analytics, 2011) and duplicates removed. All unique records were then imported 

into the Covidence software (Veritas Health Innovation, 2019). Titles and abstracts were 

screened by one reviewer (LV) to determine potentially eligible full-text articles. The same 

reviewer screened all resulting full-text articles for inclusion. A second reviewer (JMu) 

independently screened a random 20% of the titles and abstracts, followed by a random 20% 

of the full-text articles. All initial disagreements were resolved via discussion between the 

two reviewers. Forward and backward reference searches of the included articles were then 

conducted by LV to identify additional articles. 

3.3.3. Outcomes and Effectiveness Assessment 

The primary outcomes of interest were body weight, glycaemic status (A1c or fasting 

glucose) and T2D incidence. Body weight was chosen to inform this review’s primary 

definition of effectiveness as body weight has a strong association with T2D incidence, and is 

reported more often in DPI studies than the other primary outcomes (Bian et al., 2017; 

Dunkley et al., 2014; Yach et al., 2006). Intervention effectiveness was defined in relation to 

a mean weight loss of at least 5% of baseline body weight for two reasons. First, this figure is 

considered clinically significant (Donnelly et al., 2009) and matches the US and UK weight 
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loss benchmark for 12-month DPIs (CDC, 2018; NICE, 2019). Second, in the US, for an 

organisation to receive accreditation as a certified Diabetes Prevention Program provider 

endorsed by the Centers for Disease Control and Prevention (CDC), at least 5 participants 

must have completed the yearlong programme, and the average weight loss after 12 months 

must have been at least 5% (CDC, 2018). Achieving this 5% has important implications as it 

can result in insurance coverage for participants, and reimbursement for the organisations that 

deliver the programme (Gruss et al., 2019). 

Interventions of ≤6 months were deemed effective if an average of ≥3% weight loss 

was achieved at ≤6-month follow-up, while interventions of ≥12-month duration were 

deemed effective if an average ≥5% weight loss was achieved at ≥12-month follow-up. Based 

on these criteria, interventions were labelled in four potential ways: (1) effective short term, 

(2) not effective short term, (3) effective long term, and (4) not effective long term. 

Interventions of ≥12 months duration received two labels as they included short- and long-

term follow-ups. Relationships were explored between the number and type of BCTs and 

digital features identified in effective versus non-effective interventions.  

For the purpose of this review, BCTs and digital features were considered effective if 

they were identified in at least 75% of effective interventions, both short and long term. A 

BCT or digital feature was considered most effective at each respective time period (short or 

long term) if it was identified at considerably greater frequency in effective interventions 

compared to non-effective interventions. 

3.3.4. Data Extraction 

A data extraction tool was developed for this review and piloted on five randomly 

selected papers then refined and finalised. The extracted information included participant, 

study, and intervention characteristics; and outcomes of absolute weight loss, percentage of 

baseline weight lost, A1c, fasting glucose, and T2D incidence−all of which were converted to 

standardised units where necessary. In cases where the average percentage of weight lost was 

not reported, this was hand calculated using the average baseline body weights, and the 

average body weights at post intervention and subsequent follow-up(s). Data were extracted 

by one reviewer (LV), with a random 20% checked for accuracy by a second independent 

reviewer (EM). As the process of obtaining more detailed information from authors can take 

many months in which only a percentage of authors respond to such requests (Black et al., 

2018), only the publicly available materials (e.g. main study articles, follow-up study articles, 
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intervention development articles, protocols, supplementary materials) pertaining to the 

included studies were used for data extraction, BCT coding, and digital feature identification. 

3.3.4.1. Behaviour Change Technique Coding. The BCT taxonomy v1 (Michie et 

al., 2013) was used by one reviewer (LV) to code BCTs from all intervention descriptions, 

and a second independent reviewer (EM) double coded a random 20% of all descriptions to 

check for reliability. All initial disagreements were resolved via discussion between the two 

reviewers. Based on previous reviews (Bian et al., 2017; Joiner et al., 2017) it was anticipated 

that a number of different studies would describe the same standardised intervention such as 

those interventions based on the Diabetes Prevention Program. It was also anticipated that the 

interventions may be described differently in each study’s published literature; where, for 

example, some BCTs clearly present in Study A’s intervention description(s) would be absent 

from Study B’s intervention description(s) and vice versa. To accommodate this, an 

imputation process was used to include the missing BCTs. First, intervention descriptions 

from each study were coded to identify the BCTs clearly present. Second, the BCTs coded as 

present in study A, but missing from study B, were also coded to Study B; and the BCTs 

present in study B, but missing from study A, were coded to study A.  

3.3.4.2. Digital Feature Identification. A modified three-phase thematic analysis 

(Braun & Clarke, 2006) was performed on all intervention descriptions to identify digital 

features. First, one reviewer (LV) analysed the descriptions, coding each digital component 

(e.g., nutrition video) and its mode of delivery (e.g., website), plus each non-digital 

component (e.g., food diary) and its format (e.g., hard copy). The aforementioned imputation 

process was also used to identify additional components in cases where multiple studies 

assessed the same standardised intervention. Second, digital components were categorised 

according to the level of interactivity between the participant and the digital tool and 

classified as either passive (one-way interaction) or interactive (two-way interaction). A 

second reviewer (EM) independently completed these first two phases on a random 20% of 

all intervention descriptions to check for reliability. Third, all passive and interactive digital 

components were pooled together in their respective groups and analysed by LV and EM via 

discussion. Through this discussion, common themes among the passive and interactive 

components were generated. These component clusters or themes were subsequently 

classified as either passive or interactive digital features and assigned labels that best 

represent each theme.  
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3.3.5. Quality Assessment 

Study quality was assessed using the NICE quality appraisal checklist for quantitative 

intervention studies (NICE, 2012). This 27-item checklist enables appraisal of a study’s 

internal and external validity where each item is rated ++, +, or – based on the degree to 

which the criteria was satisfied, with ++ indicating highest quality or lowest risk of bias. One 

reviewer (LV) conducted the assessments and a random 20% were checked by a second 

reviewer (EM). 

3.3.6. Data Synthesis 

This review aimed to explore associations between two types of intervention 

components (BCTs and digital features) and the percentage of baseline weight lost, and 

assess the effectiveness of interventions using international diabetes prevention benchmarks 

and certification requirements. Therefore, a narrative synthesis was used to organise and 

present the data within the text, with statistical data presented in the summary tables. As the 

majority of studies featured in our primary effectiveness analysis did not report the 

percentage of weight lost, sufficient data was not available for meta-analysis.  

3.4. Results 

A total of 3,510 unique articles were identified via electronic database searches (see 

Figure 3.1) with 323 remaining for full-text review. Following full-text review, twenty-eight 

full-text articles were retained, and a forward and backward reference search identified nine 

additional articles. Thirty-seven articles (see Appendix T) representing 19 studies of 21 

interventions (two studies each assessed two unique technology-driven DPIs) were ultimately 

included. For studies reported in multiple articles, only the main article reporting the primary 

outcome measure(s) at first follow-up is referenced in the text and tables. 
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Figure 3.1 

PRISMA Flow Diagram 

 

 

 

3.4.1. Study Characteristics 

 A summary of the characteristics of all 19 studies can be found in Table 3.1. Most 

studies (N = 14) were conducted in the USA (Block et al., 2015; Castro Sweet et al., 2018; 

Cha et al., 2014; Estabrooks & Smith-Ray, 2008; Everett et al., 2018; Fischer et al., 2016; 

Fukuoka et al., 2015; Kramer et al., 2010; Ma et al., 2013; Michaelides et al., 2016; Piatt et 

al., 2013; Sepah et al., 2014; Tate et al., 2003; Wilson et al., 2017) and the most common 

design (N = 10) was Randomised Controlled Trial (Aguiar et al., 2016; Block et al., 2015; 

Estabrooks & Smith-Ray, 2008; Fischer et al., 2016; Fukuoka et al., 2015; Limaye et al., 

2017; Ma et al., 2013; Ramachandran et al., 2013; Tate et al., 2003; Wong et al., 2013). Study 
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duration ranged between three months and five years, and enrolment was most often (N = 7) 

conducted in the primary care setting (Arens et al., 2018; Block et al., 2015; Estabrooks & 

Smith-Ray, 2008; Fischer et al., 2016; Fukuoka et al., 2015; Kramer et al., 2010; Ma et al., 

2013). The total number of intervention arm participants in the analyses was 2,755 (65% 

female, age range 20-76 years). Two studies recruited males only (Aguiar et al., 2016; 

Ramachandran et al., 2013), while the remainder recruited both males and females. Across 

the ten studies which reported ethnicity in sufficient detail, 68% of participants were white. 

Across all intervention groups, short term attrition ranged between 9.4% and 43.4%, while 

the long-term attrition range was 7.4% to 79.8%. 
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Table 3.1  

Study Characteristics 

Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Aguiar et al. 

(2016) 

Australia 

Randomised 

Controlled 

Trial 

Waitlist 

control 

6 months University Australian Diabetes Risk Tool 

(AUSDRISK) score of ≥12. 

BMI: 25-40 kg/m2 

n = 53 

Age range: 20-65 years 

Mean age: 52.5  9.5 years 

Male: 100% 

Ethnicity: not reported 

Mean BMI: 32.2  3.5 kg/m2 

9.4% at 3 months 

24.5% at 6 months 

Arens et al.  

(2018) 

Germany 

Prospective 

observational 

study 

Usual care 12 months Primary 

care 

Presence of metabolic syndrome. n = 109 

Age range: 35-60 years 

Mean age: 49.6  9.3 years 

Female: 60.6% 

Ethnicity: not reported 

Mean BMI: 32.2  5.5 kg/m2 

19.3% at 3 months 

32.1% at 6 months 

49.5% at 9 months 

79.8% at 12 months 

 

Block et al. 

(2015) 

USA 

Randomised 

Controlled 

Trial 

Waitlist 

control 

6 months Primary 

care 

Presence of prediabetes 

BMI: ≥27 kg/m2 (≥25 kg/m2 for 

Asian subgroups). 

Fasting glucose: 100-125 mg/dL 

A1c: 5.7-6.4%. 

n = 163 

Age range: 31-70 years 

Mean age: 55  8.8 years 

Male: 68.1% 

White: 66.9% 

Mean BMI: 31.1  4.5 kg/m2 

16.6% at 6 months 

Castro Sweet et al. 

(2018) 

USA 

Single-arm 

prospective 

study 

NA 12 months Online Presence of prediabetes (A1c: 5.7-

6.4%). Metabolic syndrome 

(Prediabetes, hypertension, 

dyslipidaemia, and obesity). 

n = 501 

Age range: not reported 

Mean age: 68.8  2.6 years 

Female: 64% 

White: 60.3% 

Mean BMI: 33.6  5.7 kg/m2 

4% of participants 

did not meet CDC 

DPRP criteria (as 

they completed ≤3 

intensive phase 

lessons). 
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Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Cha et al. 

(2014) 

USA 

Single-arm 

prospective 

pilot study 

NA 12 weeks University Presence of prediabetes (impaired 

fasting glucose: 100-125 mg/dL; 

or A1c: 5.7-6.4%). 

Intervention completers: 

n = 13 

Age range: 21-28 years 

Mean age: 24.4  2.2 years 

Female: 76.9% 

African American: 53.8% 

Mean BMI: not reported 

13.3% at 12 weeks 

Estabrooks and 

Smith-Ray 

(2008) 

USA 

Randomised 

Controlled 

Trial 

Usual Care 3 months Primary 

care 

Elevated blood glucose and/or 

clinical diagnosis of prediabetes. 

n = 39 

Age range: not reported 

Mean age: 57.8  17 years 

Female: 71.8% 

White: 69% 

Mean BMI: not reported 

28.2% at 3 months 

Everett et al.  

(2018) 

USA 

Single-arm 

prospective 

observational 

study 

Calibration 

cohort 

3 months University 

hospital 

Diagnosis of prediabetes (fasting 

glucose: 100-125 mg/dL; 

impaired glucose tolerance: 2-

hour glucose of 140-199 mg/dL 

after 75g oral glucose tolerance 

test; or A1c: 5.7-6.4%). 

BMI: 24-40 kg/m2 (22-40 kg/m2 

for Asian individuals). 

Intervention completers 

only: 

n = 38 

Age range: not reported 

Mean age: 57.2  9.1 years 

Female: 63% 

White: 82% 

Mean BMI: not reported 

11.6% at 3 months 

Fischer et al.  

(2016) 

USA 

Randomised 

Controlled 

Trial 

Usual care 12 months Primary 

care 

A1c between 5.7% and 6.4%. n = 78 

Age range: not reported 

Mean age: 47.7  12.4 

Female: 70.5% 

Native Spanish speakers: 

65% 

Mean BMI: not reported 

7.7% at 12 months 
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Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Fukuoka et al. 

(2015) 

USA 

Feasibility 

Randomised 

Controlled 

Trial 

Pedometer 

only control 

5 months Primary 

care 

BMI: ≥25 kg/m2 (22 kg/m2 if 

Asian-Pacific Islander). 

American Diabetes Association 

Diabetes Risk Test score of ≥5. 

Fasting plasma glucose: 100-125 

mg/dL; A1c: 5.7-6.4%; Oral 

glucose tolerance test: 140-200 

mg/dL. 

n = 30 

Age range: 36-76 years 

Mean age: 57.1  9.1 years 

Female: 76.7% 

White: 43.3% 

Mean BMI: 32.2  5.6 kg/m2 

10% of participants 

did not complete 3-

month follow-up 

assessment. 6.6% of 

participants did not 

complete 5-month 

follow-up 

assessment. 

Kramer et al.  

(2010) 

USA 

Non-

randomised 

Controlled 

Trial 

Face-to-face 

intervention 

3 months Primary 

Care 

BMI ≥25 kg/m2 

Prediabetes (FG: 100-125 

mg/dL). 

Presence of metabolic syndrome. 

n = 22 

Age range: not reported 

Mean age: 57.3 years 

Sex/gender: not reported 

Ethnicity: not reported 

Mean BMI: 32.9  6.1 kg/m2 

36.4% at 3 months 

Limaye et al.  

(2017) 

India 

Randomised 

Controlled 

Trial 

Standard 

care 

12 months Worksite Presence of ≥3 risk factors 

(family history of cardio-

metabolic disease, 

overweight/obesity, high blood 

pressure, impaired fasting 

glucose, hypertriglyceridaemia, 

high LDL and low HDL 

cholesterol). 

n = 133 

Age range: not reported 

Mean age: 36.8  7.2 years 

Male: 74.4% 

Ethnicity: not reported 

Mean BMI: 27  3.2 kg/m2 

 

21.1% at 12 months 

Ma et al.  

(2013) 

USA 

Randomised 

Controlled 

Trial 

Coach-led 

intervention; 

usual care 

control 

15 months Primary 

care 

BMI: ≥25 kg/m2 

Prediabetes (fasting plasma 

glucose: 100-125 mg/dL) 

Metabolic syndrome (central 

obesity, dyslipidaemia, 

hypertension, prediabetes). 

n = 81 

Age range: not reported 

Mean age: 51.8  9.9 years 

Male: 54.3% 

White: 79% 

Mean BMI: 31.7  4.7 kg/m2 

7.4% at 15 months 
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Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Michaelides et al. 

(2016) 

USA 

Single-arm 

prospective 

study 

NA 24 weeks 

(plus 65-

week 

follow-up) 

Worksite Hyperglycaemia (A1c: 5.7-6.4%). Program starters: n = 43 

Age range: not reported 

Mean Age: 51.5  8.3 years 

Female: 86% 

Ethnicity: not reported 

Mean BMI: 35.5  7.4 kg/m2 

16.3% of program 

starters (read > 1 

article per week for 

≥ 4 weeks) did not 

complete the core 

program. 

Piatt et al. 

(2013) 

USA 

GLB-DVD 

 

Prospective 

quasi-

experimental 

study 

Face-to-face, 

internet, 

self-

selection 

interventions 

6 months 

(plus 18-

month 

follow-up) 

University BMI: ≥25 kg/m2 

Abdominally obese (waist 

circumference: >40 inches in 

males and >25 inches in females). 

n = 113 

Age range: not reported 

Mean age: 52.4  10.9 years 

Female: 85% 

White: 93.8% 

Mean BMI: 36.2  7.2 kg/m2 

43.4% at 6 months 

Piatt et al. 

(2013) 

USA 

GLB-Internet 

 

Prospective 

quasi-

experimental 

study 

Face-to-face, 

DVD, self-

selection 

interventions 

6 months 

(plus 18-

month 

follow-up) 

University BMI: ≥25 kg/m2 

Abdominally obese (waist 

circumference: >40 inches in 

males and >25 inches in females). 

n = 101 

Age range: not reported 

Mean age: 48.7  9.7 years 

Female: 88.1% 

White: 99.1% 

Mean BMI: 36.1  6.4 kg/m2 

56.4% at 6 months 

Ramachandran et 

al.  

(2013) 

India 

Randomised 

Controlled 

Trial 

Usual care 24 months 

(plus five-

year 

follow-up) 

Worksite Positive family history of T2D. 

BMI: ≥23 kg/m2 

n = 271 

Age range: not reported 

Mean age: 54.1  6.1 years 

Male: 100% 

Ethnicity: not reported 

Mean BMI: 25.8  3.3 kg/m2 

3.7% at 24 months 
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Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Sepah et al.  

(2014) 

USA 

Quasi-

experimental 

Single-arm 

prospective 

study 

NA 12 months 

(plus 24- 

and 36-

month 

follow-

ups) 

Online BMI: ≥25 kg/m2 (22 kg/m2 if 

Asian). 

Core group: 

n = 187 

Age range: not reported 

Mean age: 43.9  12.4 years 

Female: 85% 

White: 51% 

Mean BMI: 36.7  7.6 kg/m2 

15% of participants 

did not meet CDC 

DPRP “core phase” 

criteria (as they 

only completed ≤3 

core lessons). 

34.5% did not meet 

“post-core phase” 

criteria (completed 

≤3 core lessons and 

0 post-core lessons) 

Tate et al. 

(2003) 

USA 

Basic Internet 

 

Randomised 

Controlled 

Trial 

Internet and 

Behavioural 

e-

Counselling 

Intervention 

12 months University 

hospital 

BMI between 27-40 kg/m2 

≥1 risk factors for T2D (e.g., 

family history of T2D, impaired 

glucose tolerance). 

n = 46 

Age range: not reported 

Mean age: 47.3  9.5 years 

Female: 89% 

White: 89% 

Mean BMI: 33.7  3.7 kg/m2 

15.2% at 12 months 

Tate et al. 

(2003) 

USA 

Internet and 

Behavioral e-

Counseling 

 

Randomised 

Controlled 

Trial 

Basic 

Internet 

Intervention 

12 months University 

hospital 

BMI between 27-40 kg/m2 

≥1 risk factors for T2D (e.g., 

family history of T2D, impaired 

glucose tolerance). 

n = 46 

Age range: not reported 

Mean age: 49.8  9.3 years 

Female: 91% 

White: 89% 

Mean BMI: 32.5  3.8 kg/m2 

17.4% at 12 months 
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Author(s) 

(year) Country 

Intervention 

Study design 
Comparison 

group(s) 

Study 

duration 

Enrolment 

setting 
Definition of high risk of T2D Sample (intervention group) 

Attrition 

(intervention group) 

Wilson et al. 

(2017) 

USA 

Non-

randomised 

controlled 

observational 

study 

Matched 

control 

2 years Worksite BMI: ≥24 kg/m2 (22 kg/m2 if 

Asian); Prediabetes (fasting blood 

glucose: 100-125 mg/dL, A1c: 

5.7-6.4%, oral glucose tolerance 

test: 140-199 mg/dL). 

n = 634 

Age range: 23-68 years 

Median age: 46 years 

Female: 58.4% 

White: 68% 

Mean BMI: 34.5 kg/m2 

5.8% of participants 

did not meet CDC 

DPRP criteria 

(completed ≤3 

intensive phase 

lessons). 76% of 

participants had 

sufficient data for 

analysis. 

Wong et al.  

(2013) 

Hong Kong 

Randomised 

Controlled 

Trial 

Usual care 24 months University 

Hospital 

Diagnosis of prediabetes (fasting 

plasma glucose: 5.6-6.9 mmol/L; 

or, 2-hour postprandial glucose: 

7.8-11.0 mmol/L after 75g 

glucose load). 

n = 54 

Age range: not reported 

Mean age: 54.1  6.1 years 

Male: 90.7% 

Ethnicity: not reported 

Mean BMI: 25.6  2.9 kg/m2 

16.7% at 12 months 

24.1% at 24 months 

Note: NA: Not Applicable, BMI: Body Mass Index 
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3.4.2. Intervention Characteristics 

 A summary of the characteristics from all 21 technology-driven DPIs can be found in 

Table 3.2. The intervention delivery period ranged between 3 and 24 months in duration, and 

all interventions targeted both diet and physical activity behaviours. Eleven interventions 

were independent (newly developed) (Aguiar et al., 2016; Arens et al., 2018; Block et al., 

2015; Cha et al., 2014; Estabrooks & Smith-Ray, 2008; Everett et al., 2018; Limaye et al., 

2017; Ramachandran et al., 2013; Tate et al., 2003; Wong et al., 2013) and ten were largely 

adapted from a previous face-to-face program. Of these ten, six (Castro Sweet et al., 2018; 

Fischer et al., 2016; Fukuoka et al., 2015; Michaelides et al., 2016; Sepah et al., 2014; Wilson 

et al., 2017) were adapted from the Diabetes Prevention Program (Diabetes Prevention 

Program Research Group, 2002), and four (Kramer et al., 2010; Ma et al., 2013; Piatt et al., 

2013) were adapted from the Group Lifestyle Balance Program (Kramer et al., 2009). Sixteen 

interventions were informed by at least one theory or framework, with Social Cognitive 

Theory (N = 14) the most common. Digital modes of delivery included: website (Aguiar et 

al., 2016; Block et al., 2015; Castro Sweet et al., 2018; Cha et al., 2014; Piatt et al., 2013; 

Sepah et al., 2014; Tate et al., 2003; Wilson et al., 2017), smartphone app (Arens et al., 2018; 

Castro Sweet et al., 2018; Cha et al., 2014; Everett et al., 2018; Fukuoka et al., 2015; 

Michaelides et al., 2016; Sepah et al., 2014; Wilson et al., 2017), DVD (Aguiar et al., 2016; 

Kramer et al., 2010; Ma et al., 2013; Piatt et al., 2013), SMS (Fischer et al., 2016; Limaye et 

al., 2017; Ramachandran et al., 2013; Wong et al., 2013), email (Block et al., 2015; Limaye 

et al., 2017; Tate et al., 2003), and Interactive Voice Response (Block et al., 2015; Estabrooks 

& Smith-Ray, 2008). Eight interventions used multiple digital modes of delivery (Aguiar et 

al., 2016; Block et al., 2015; Castro Sweet et al., 2018; Cha et al., 2014; Limaye et al., 2017; 

Sepah et al., 2014; Tate et al., 2003; Wilson et al., 2017). Nine interventions were ‘stand-

alone’ as they did not include human health coach support (Aguiar et al., 2016; Block et al., 

2015; Estabrooks & Smith-Ray, 2008; Everett et al., 2018; Limaye et al., 2017; Ma et al., 

2013; Ramachandran et al., 2013; Tate et al., 2003; Wong et al., 2013). Of the 12 

interventions with health coach support, nine incorporated remote online or phone support 

(Castro Sweet et al., 2018; Cha et al., 2014; Kramer et al., 2010; Michaelides et al., 2016; 

Piatt et al., 2013; Sepah et al., 2014; Tate et al., 2003; Wilson et al., 2017), one incorporated 

face-to-face support (Fukuoka et al., 2015), and two included both remote and face-to-face 

support (Arens et al., 2018; Fischer et al., 2016). 
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Table 3.2 

Intervention Characteristics 

Author(s) 

(year) 

Intervention 

name 

Intervention 

duration 

Intervention 

type 

Primary 

mode(s) of 

delivery 

Level of 

support 

Theoretical 

basis 
Message content and frequency 

Aguiar et al. 

(2016) 

 

PULSE 6 months Independent Website and 

DVD 

Stand alone Social Cognitive 

Theory 

The PULSE Program was entirely self-paced 

and included the (also self-paced) Self-Help, 

Exercise and Diet Using Internet Technology 

(SHED-IT) weight loss program for men. 

Arens et al.  

(2018) 

NA 12 months Independent Smartphone 

application 

Remote and 

face-to-face 

support via 

physician 

NR Participants were to regularly enter weight, 

abdominal girth, blood pressure, and blood 

glucose into the app. Participants were 

invited to attend up to 9 classes on nutrition 

and physical activity. Via a web-portal, 

physicians provided participants with regular 

feedback, messages, and goal modification. 

Block et al. 

(2015) 

Alive-PD 6 months Independent Website, 

Interactive 

Voice 

Response, 

and Email  

Stand alone Learning 

Theory, Social 

Cognitive 

Theory, Theory 

of Planned 

Behaviour 

The Alive-PD was self-administered. Two 

weekly health notes provided health 

information. Participants engaged in weekly 

tailored goal setting and tracking. 

Individually tailored print materials were 

sent monthly. Automated individually 

tailored phone coaching was delivered every 

two weeks via Interactive Voice Response. 

Castro Sweet et al. 

(2018) 

Omada 

Health 

Program 

12 months (16 

week intensive 

+ 36-week 

maintenance) 

Diabetes 

Prevention 

Program 

Website and 

smartphone 

application                                                                                                                                                                                                   

Online support 

via health 

coach 

Social Cognitive 

Theory, 

Transtheoretical 

model 

For the initial 16-week intensive weight loss 

phase, participants completed one 1-hour 

online lesson each week. Less frequent 

lessons were completed in the subsequent 

36-week weight maintenance phase. 

Participants engaged with their health coach 

and other participants online throughout the 

12-month program. 
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Author(s) 

(year) 

Intervention 

name 

Intervention 

duration 

Intervention 

type 

Primary 

mode(s) of 

delivery 

Level of 

support 

Theoretical 

basis 
Message content and frequency 

Cha et al. 

(2014) 

NA 12 weeks Independent Website and 

smartphone 

application                                                                                                                                                                                                   

Remote phone 

support via 

undergraduate 

student 

Social Cognitive 

Theory, AADE7 

Self-Care 

Behaviors 

Framework 

Participants submitted weekly dietary and 

exercise habits, and biweekly assignments. 

An undergraduate student on the research 

team provided weekly script-based phone 

counselling sessions. 

Estabrooks and 

Smith-Ray 

(2008) 

NA 3 months Independent Interactive 

Voice 

Response  

Stand alone NR Automated calls delivered once per week for 

12 weeks. Seven calls provided 5–10 

minutes of counselling and the remaining 

five calls provided a tip of the week. 

Everett et al.  

(2018) 

Sweetch 

Mobile 

Intervention 

3 months Independent Smartphone 

application 

Stand alone Just-in-time 

adaptive 

intervention 

design 

The Sweetch app used machine learning to 

present users with content based on their 

own real-world life habits. Message content 

and frequency varied between users. 

Fischer et al.  

(2016) 

NA 12 months Diabetes 

Prevention 

Program 

Short 

Message 

Service 

(SMS) 

Face-to-face 

and phone 

support via 

health coach, 

and 

nutritionist or 

nurse. 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants received six text messages per 

week and were prompted to report their 

weight once per week. Participants were 

eligible for motivational interviewing phone 

appointments with a health coach, in addition 

to weight loss resources such as access to 

DPP classes and appointments with a 

nutritionist or nurse for diet support. 

Fukuoka et al. 

(2015) 

mDPP 5 months Diabetes 

Prevention 

Program 

Smartphone 

Application 

Face-to-face 

support via 

non-medical 

research staff 

Social Cognitive 

Theory, 

Transtheoretical 

model 

The mobile app delivered daily messages, 

video clips, and quizzes. Participants 

attended six in-person sessions within a 4-

month period. 
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Author(s) 

(year) 

Intervention 

name 

Intervention 

duration 

Intervention 

type 

Primary 

mode(s) of 

delivery 

Level of 

support 

Theoretical 

basis 
Message content and frequency 

Kramer et al.  

(2010) 

GLB-DVD 3 months Group 

Lifestyle 

Balance 

DVD Remote phone 

support via 

health care 

professional 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants viewed one DVD per week. 

Participants contacted by health care 

professional once per week to review 

performance and voice questions/concerns. 

Limaye et al.  

(2017) 

LIMIT 

(Lifestyle 

modification 

in IT) 

12 months Independent Short 

Message 

Service 

(SMS) and 

Email 

Stand alone NR Participants received lifestyle modification 

information via mobile phone and e-mail for 

one year. Three mobile phone messages and 

two e-mails were sent per week. A total of 

150 phone messages and 100 e-mails were 

sent to each participant during the 

intervention period. 

Ma et al.  

(2013) 

E-LITE 15 months (3-

month 

intensive + 

12-month 

maintenance)  

Group 

Lifestyle 

Balance 

DVD Stand Alone Social Cognitive 

Theory, 

Transtheoretical 

model 

In the intensive treatment phase, participants 

were instructed to watch one DVD session 

per week for 12 weeks. In the maintenance 

phase, participants received an email 

reminder every two weeks to continue self-

monitoring. 

Michaelides et al. 

(2016) 

Noom 

Coach 

24 weeks (16-

week core + 8-

week post-

core) 

Diabetes 

Prevention 

Program 

Smartphone 

Application 

Remote app-

based support 

via health 

coach 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants received daily articles and 

interactive challenges, and log their weight, 

meals, and physical activity each week into 

the app. The health coach communicated 

with participants twice per month. 
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Author(s) 

(year) 

Intervention 

name 

Intervention 

duration 

Intervention 

type 

Primary 

mode(s) of 

delivery 

Level of 

support 

Theoretical 

basis 
Message content and frequency 

Piatt et al. 

(2013) 

 

GLB-DVD 12-14 weeks Group 

Lifestyle 

Balance 

DVD Phone support 

via registered 

nurse or 

dietician 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants instructed to watch one DVD 

session per week for 12 weeks. Participants 

also met as a group at four time points within 

the 12-week period. Preventionists and lay 

health coaches called participants weekly to 

offer information and support. 

Piatt et al. 

(2013) 

 

GLB-

Internet 

12-14 weeks Group 

Lifestyle 

Balance 

Website Online 

counselling 

via registered 

nurse or 

dietician 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants were instructed to watch one 

video per week for 12 weeks. Participants 

also met as a group at baseline and again 

after completing the intervention. 

Preventionists and lay health coaches 

supported participants via online counselling. 

Ramachandran et al.  

(2013) 

NA 24 months Independent Short 

Message 

Service 

(SMS) 

Stand alone Transtheoretical 

Model 

Participants received two-to-four text 

messages per week for 24 months. Messages 

contained <160 characters. 

Sepah et al.  

(2014) 

Prevent 

(Omada 

Health 

Program) 

12 months 

(16-week core 

+ 36-week 

post-core) 

Diabetes 

Prevention 

Program 

Website and 

smartphone 

application                                                                                                                                                                                                   

Online support 

via health 

coach 

Social Cognitive 

Theory, 

Transtheoretical 

model 

Participants were matched into online groups 

of 10 to 15 people and communicated via 

online social network. In the 16-week core 

phase, participants completed 16 weekly 

online lessons. In the 12-month post-core 

phase, participants completed 9 monthly 

lessons. 

Tate et al. 

(2003) 

 

Basic 

Internet  

12 months Independent Website Stand alone NR Weekly weight loss tutorials and tips were 

delivered via website. Participants were sent 

weekly email reminders to submit weight. 
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Author(s) 

(year) 

Intervention 

name 

Intervention 

duration 

Intervention 

type 

Primary 

mode(s) of 

delivery 

Level of 

support 

Theoretical 

basis 
Message content and frequency 

Tate et al. 

(2003) 

 

Internet and 

Behavioral 

e-

Counseling  

12 months Independent Website and 

Email 

Remote  

e-mail support 

via counsellor 

NR Weekly weight-loss tutorials and tips were 

delivered via website. Participants were sent 

weekly email reminders to submit weight. 

The counsellor emailed participants five 

times during the first month and weekly for 

the remaining 11 months. 

Wilson et al. 

(2017) 

Omada 

Health 

Program 

12 months 

(16-week core 

+ 36-week 

post-core) 

Diabetes 

Prevention 

Program 

Website and 

smartphone 

application                                                                                                                                                                                                   

Online support 

via health 

coach 

Social Cognitive 

Theory, 

Transtheoretical 

model 

For the initial 16-week intensive weight loss 

phase, participants completed one lesson 

each week. Participants completed additional 

weekly lessons during the subsequent 36-

week weight maintenance phase. Participants 

engaged with their health coach and other 

participants online throughout the 12-month 

program. 

Wong et al.  

(2013) 

NA 24 months  Independent Short 

Message 

Service 

(SMS) 

Stand alone Social Cognitive 

Theory, Theory 

of Planned 

Behaviour 

Phase 1: three text messages per week (36 

total) 

Phase 2: one text per week (12 total) 

Phase 3: one text per month (6 total) 

Phase 4: one text per month (12 total) 

Note: NA: not applicable, NR: not reported. 
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3.4.3. Quality Assessment 

 A summary of the quality assessments for all 19 studies can be found in Appendix U. 

Fifteen studies (all 10 RCTs and 5 of the 9 non-RCTs) achieved a ‘high quality’ rating for 

internal validity through minimisation of bias across multiple criteria. Ten studies (7 of the 10 

RCTs and 3 of the 9 non-RCTs) achieved a ‘high quality’ rating for external validity, with 

findings generalisable to the source population. 

3.4.4. Intervention Effectiveness  

 Two studies were excluded from the primary effectiveness assessment. The study by 

Arens et al. (2018) was excluded as they implemented rolling follow-ups where a common 

intervention end point could not be determined. However, on average, participants remained 

in the intervention for 8.3 months, losing 2.4 kg (SD = 6.3, p < .0001). The study by 

Ramachandran et al. (2013) was excluded as body weight was not a key outcome and 

therefore not reported. The range of weight lost across the remaining 19 interventions was 

0.69% to 8% in the short term and 0.93% to 7.5% in the long term (see Appendix V). 

Based on this review’s primary effectiveness criteria, 12 interventions were effective 

short term (Aguiar et al., 2016; Block et al., 2015; Castro Sweet et al., 2018; Fukuoka et al., 

2015; Kramer et al., 2010; Ma et al., 2013; Michaelides et al., 2016; Piatt et al., 2013; Sepah 

et al., 2014; Tate et al., 2003; Wilson et al., 2017), which included both the GLB-DVD and 

GLB-Internet interventions by Piatt et al. (2013) and the Behavioural e-Counseling 

intervention by Tate et al. (2003). Seven interventions were not effective short term (Cha et 

al., 2014; Estabrooks & Smith-Ray, 2008; Everett et al., 2018; Fischer et al., 2016; Limaye et 

al., 2017; Tate et al., 2003; Wong et al., 2013), which included the Basic Internet intervention 

by Tate et al. (2003). Four interventions were effective long term (Castro Sweet et al., 2018; 

Ma et al., 2013; Michaelides et al., 2016; Piatt et al., 2013), which included the GLB-Internet 

intervention by Piatt et al. (2013). Eight interventions were not effective long term (Fischer et 

al., 2016; Limaye et al., 2017; Piatt et al., 2013; Sepah et al., 2014; Tate et al., 2003; Wilson 

et al., 2017; Wong et al., 2013), which included the GLB-DVD intervention by Piatt et al. 

(2013), and both the Behavioural e-Counselling and Basic Internet interventions by Tate et al. 

(2003). 

Of the four interventions that included an active weight maintenance phase (8-12 

months in duration) with sufficient outcome data, one achieved further weight loss 

(Michaelides et al., 2016) and three achieved weight maintenance (as indicated by <0.5% 
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change in body weight) during this period (Castro Sweet et al., 2018; Ma et al., 2013; Sepah 

et al., 2014). Four interventions included follow-ups that were conducted 12 or more months 

after the intervention was complete. Of these, both the GLB-DVD and GLB-Internet 

interventions by Piatt et al. (2013) achieved further weight loss at 12 months post-

intervention; one achieved weight maintenance at 12 months (Michaelides et al., 2016), and 

one achieved weight maintenance at 12 months but reported a 39% regain of lost weight at 24 

months (Sepah et al., 2014). 

3.4.5. Secondary Measures 

3.4.5.1. Change in Glycaemia. Complete results for changes in A1c and fasting 

glucose were reported for 9 and 13 interventions respectively (see Appendix W). Seven 

interventions achieved significant improvement in A1c (Aguiar et al., 2016; Block et al., 

2015; Castro Sweet et al., 2018; Cha et al., 2014; Everett et al., 2018; Kramer et al., 2010; 

Sepah et al., 2014) and five interventions achieved significant improvement in fasting glucose 

(Block et al., 2015; Kramer et al., 2010; Limaye et al., 2017; Ma et al., 2013; Wilson et al., 

2017). 

3.4.5.2. Incidence of Type 2 Diabetes. Incidence rates for T2D were reported for two 

interventions. Wong et al. (2013) found a 24-month T2D incidence rate of 11.11% and 18% 

in the intervention and usual care groups respectively. However, this difference was not 

significant. Ramachandran et al. (2013) reported significantly lower T2D incidence, HR = 

0.700, p = .009, 95% CI = (0.53, 0.93) among the intervention group (18%, and 33.9% at 24 

and 60 months respectively) compared to the usual care group (27%, and 44.9% at 24 and 60 

months respectively). 

3.4.6. Behaviour Change Techniques 

 Thirty unique BCTs were coded from all 21 interventions (see Appendix X), with an 

average of nine BCTs per intervention (range: 1-14). A summary of the BCTs identified in 

effective and non-effective interventions can be found in Table 3.3. Seven BCTs were 

identified in at least 75% of effective interventions, both short and long term. These were: 

goal setting (behaviour) (identified in 92% and 100% of effective interventions in the short 

and long term respectively), problem solving (75% and 100%), goal setting (outcome) (92% 

and 100%), feedback on behaviour (92% and 100%), self-monitoring of behaviour (92% and 

75%), self-monitoring of outcome(s) of behaviour (92% and 100%), and social support 

(unspecified) (100% and 100%). 



113 
 

Table 3.3 

Summary of Behaviour Change Technique Use in Effective and Non-Effective Interventions 

No. Behaviour Change Technique 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Cluster One: Goals and planning           

1.1 Goal setting (behaviour) 16 76.2 11 91.7 4 57.1 4 100 5 62.5 

1.2 Problem solving 14 66.7 9 75 3 42.9 4 100 4 50 

1.3 Goal setting (outcome) 15 71.4 11 91.7 3 42.9 4 100 5 62.5 

1.4 Action planning 7 33.3 6 50 1 14.3 2 50 1 12.5 

1.5 Review behaviour goals 5 23.8 4 33.3 1 14.3 2 50 1 12.5 

1.7 Review outcome goals 4 19 4 33.3 0 0 2 50 1 12.5 

Cluster Two: Feedback and monitoring           

2.2 Feedback on behaviour 15 71.4 11 91.7 3 42.9 4 100 5 62.5 

2.3 Self-monitoring of behaviour 16 76.2 11 91.7 4 57.1 3 75 6 75 

2.4 Self-monitoring of outcome(s) of behaviour 15 71.4 11 91.7 3 42.9 4 100 6 75 

2.7 Feedback on outcome(s) of behaviour 1 4.8 0 0 0 0 0 0 0 0 

Cluster Three: Social support           

3.1 Social support (unspecified) 14 66.7 12 100 2 28.6 4 100 6 75 

3.2 Social support (practical) 1 4.8 0 0 1 14.3 0 0 1 12.5 

3.3 Social support (emotional) 6 28.6 5 41.7 1 14.3 2 50 3 37.5 
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No. Behaviour Change Technique 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Cluster Four: Shaping knowledge           

4.1 Instruction on how to perform the behaviour 4 19 1 8.3 1 14.3 0 0 1 12.5 

4.2 Information about antecedents 6 28.6 5 41.7 1 14.3 2 50 3 37.5 

Cluster Five: Natural consequences           

5.1 Information about health consequences 5 23.8 2 16.7 2 28.6 0 0 2 25 

Cluster Six: Comparison of behaviour           

6.1 Demonstration of the behaviour 2 9.5 1 8.3 1 14.3 0 0 0 0 

6.2 Social comparison 7 33.3 6 50 1 14.3 2 50 3 37.5 

Cluster Seven: Associations           

7.1 Prompts/cues 5 23.8 4 33.3 1 14.3 2 50 1 12.5 

Cluster Eight: Repetition and substitution           

8.2 Behaviour substitution 3 14.3 1 8.3 1 14.3 0 0 1 12.5 

8.3 Habit formation 2 9.5 2 16.7 0 0 0 0 0 0 

8.4 Habit reversal 1 4.8 1 8.3 0 0 0 0 0 0 

8.7 Graded tasks 1 4.8 1 8.3 0 0 0 0 0 0 

Cluster Nine: Comparison of outcomes           

9.1 Credible source 7 33.3 5 41.7 1 14.3 2 50 2 25 
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No. Behaviour Change Technique 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Cluster Ten: Reward and threat           

10.1 Material incentive (behaviour) 1 4.8 1 8.3 0 0 0 0 0 0 

10.2 Material reward (behaviour) 1 4.8 1 8.3 0 0 0 0 0 0 

Cluster Eleven: Regulation           

11.2 Reduce negative emotions 3 14.3 1 8.3 1 14.3 0 0 1 12.5 

Cluster Twelve: Antecedents           

12.3 Avoidance/reducing exposure to cues for the behaviour 1 4.8 0 0 1 14.3 0 0 1 12.5 

12.5 Adding objects to the environment 9 42.9 8 66.7 0 0 3 75 3 37.5 

Cluster Fourteen: Scheduled consequences           

14.4 Reward approximation 1 4.8 0 0 1 14.3 0 0 0 0 

                          Average number of BCTs per intervention 9 11.3 5.4 11.5 7.8 

Note: ST: short term (≤6 month) follow-up, LT: long term (≥12 month) follow-up, N: number of interventions, n: number of interventions in which the BCT was identified, 

%: proportion of interventions that used the BCT. 
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3.4.6.1. Short Term Effectiveness. Interventions that achieved short term 

effectiveness used an average of 11.3 BCTs (range: 4-14), compared to 5.4 (range: 1-10) 

among non-effective interventions. Two BCTs were identified at a considerably greater 

frequency in effective interventions versus non-effective interventions. These were social 

support (unspecified) (identified in 100% of effective interventions versus 29% of non-

effective interventions) and adding objects to the environment–coded when participants were 

issued pedometers to count their steps (67% versus 0%). 

3.4.6.2. Long Term Effectiveness. Interventions that achieved long term 

effectiveness used an average of 11.5 BCTs (range: 10-13), compared to 7.8 (range: 1-13) 

among non-effective interventions. One BCT, problem solving, was identified at a 

considerably greater frequency in effective interventions versus non-effective interventions 

(100% versus 50%). 

3.4.7. Digital Features 

 The digital and non-digital components coded from all 21 interventions can be found 

in Appendix Y. Ten digital features–five passive and five interactive (see Appendix Z)–were 

identified via thematic analysis of intervention descriptions. Detailed descriptions of all ten 

digital features can be found in Appendix AA. The five passive features were: health and 

lifestyle information and advice, activity tracking, reminders and prompts, diet tracking, and 

weight and bio-measure tracking. The five interactive features were: interactive health and 

lifestyle lessons, social media and support, online health coaching, automated feedback, and 

gamification. Interventions used an average of 4.3 digital features (range: 1-9), including 2.9 

passive features (range: 1-5), and 1.4 interactive features (range: 0-4). 

A summary of the digital features identified in effective and non-effective 

interventions can be found in Table 3.4. Three digital features (all passive) were identified in 

at least 75% of effective interventions, both short and long term. These were: activity 

tracking (identified in 100% and 100% of effective interventions in the short and long term 

respectively), health and lifestyle information and advice (75% and 75%), and diet tracking 

(75% and 75%). It is noteworthy that the interactive social media and support feature was 

identified in only 50% of the effective interventions, yet the social support (unspecified) BCT 

was identified in 100% of effective interventions. Additionally, of the three interventions that 

only used paper based rather than digital tools to track diet and physical activity, two were 
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not effective in the short term, and all three were not effective in the long term (data not 

shown).  
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Table 3.4 

Summary of Digital Feature Use in Effective and Non-Effective Interventions 

Digital features 

All Interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not effective LT 

(N = 8) 

n % n % n % n % n % 

Passive Features           

 Health and lifestyle information and advice 16 76.2 9 75 6 85.7 3 75 6 75 

 Activity tracking 15 71.4 12 100 2 28.6 4 100 4 50 

 Reminders and prompts 11 52.4 8 66.7 3 42.9 4 100 4 50 

 Diet tracking 10 47.6 9 75 1 14.3 3 75 3 37.5 

 Weight and biomeasure tracking 9 42.9 7 58.3 1 14.3 3 75 2 25 

          Average passive features per intervention 2.9 features 3.75 features 1.86 features 4.25 features 2.38 features 

Interactive Features            

 Interactive health and lifestyle lessons 9 42.9 6 50 2 28.6 1 25 4 50 

 Social media and support 8 38.1 6 50 2 28.6 2 50 5 62.5 

 Online health coaching 8 38.1 7 58.3 0 0 4 100 3 37.5 

 Automated feedback 4 19 2 16.7 2 28.6 0 0 0 0 

 Gamification 1 4.8 1 8.3 0 0 0 0 0 0 

          Average interactive features per intervention 1.43 features 1.83 features 0.86 features 1.75 features 1.5 features 

                  Average total features per intervention 4.3 5.58 2.71 6 3.88 

Note: ST: short term (≤6 month) follow-up, LT: long term (≥12 month) follow-up. N: number of interventions, n: number of interventions in which the feature was identified, 

%: proportion of interventions that used the digital feature. 
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3.4.7.1. Short Term Effectiveness. Interventions that achieved short term 

effectiveness used an average of 5.6 total features (range: 3-9), including 3.8 passive features 

(range: 2-5), and 1.8 interactive features (range: 0-4). Non-effective interventions used an 

average of 2.7 total features (range: 1-5), including 1.9 passive features (range 1-4), and 0.9 

interactive features (range: 0-2). Three digital features were identified at a considerably 

greater frequency in effective interventions versus non-effective interventions. These were 

the passive features of activity tracking (identified in 100% of effective interventions versus 

29% of non-effective interventions) and diet tracking (75% versus 14%); and the interactive 

feature of online health coaching (58% versus 0%). 

3.4.7.2. Long Term Effectiveness. Interventions that achieved long term 

effectiveness used an average of 6 total features (range: 4-7), including 4.3 passive features 

(range: 3-5), and 1.8 interactive features (range: 1-3). Non-effective interventions used an 

average of 3.9 total features (range: 1-7), including 2.4 passive features (range: 1-4), and 1.5 

interactive features (range: 1-4). Four digital features were identified at a considerably greater 

frequency in effective interventions versus non-effective interventions. These were the 

passive features of activity tracking (100% versus 50%), reminders and prompts (100% 

versus 50%), and weight and bio-measure tracking (75% versus 25%); and the interactive 

feature of online health coaching (100% versus 38%). 

3.4.8. Additional Analyses 

As the imputation process used in this review is a novel means of coding BCTs and 

digital components, additional analyses were conducted using only those BCTs and digital 

components clearly present in each study’s intervention description(s). Results of these 

analyses, which exclude any BCT or digital feature coded via imputation, can be found in 

Appendices AB through AF. 

3.5. Discussion 

This systematic review assessed 19 studies of 21 technology-driven DPIs, with the 

aims of determining if these interventions can produce clinically significant weight loss 

outcomes and identifying the most effective BCTs and digital features. This review found 

that a number of technology-driven DPIs successfully achieved clinically significant weight 

loss in adults at risk of developing T2D, particularly in the short term, with follow-up data 

indicating that weight loss was maintained for at least one year post-intervention. 

Additionally, seven and five interventions achieved significant improvements in A1c and 
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fasting glucose respectively, and one study found a significantly lower 5-year incidence of 

T2D among participants who completed the intervention compared to those who received 

usual care–further evidence to support the effectiveness of technology-driven DPIs in 

diabetes prevention. However, there was wide heterogeneity in study populations, attrition 

rates, intervention duration, and mode of delivery; and many long-term interventions fell 

short of achieving the 5% weight loss benchmark. Comparable findings on the effectiveness 

of technology-driven DPIs and inter-study heterogeneity were reported in previous meta-

analyses (Bian et al., 2017; Joiner et al., 2017). 

3.5.1. Behaviour Change Techniques 

Interventions which used a larger number of BCTs were more effective. This is 

consistent with reviews of face-to-face interventions for individuals with T2D (Avery et al., 

2012; Cradock et al., 2017; Hankonen et al., 2014) or those at risk of developing T2D (Ashra 

et al., 2015). Seven unique BCTs were frequently identified in effective interventions. These 

were: social support (unspecified), goal setting (behaviour), goal setting (outcome), feedback 

on behaviour, self-monitoring of outcome(s) of behaviour, self-monitoring of behaviour, and 

problem solving. All of these BCTs correspond to the recommended behaviour change 

components for face-to-face DPIs as outlined in the IMAGE toolkit for the prevention of T2D 

in Europe (Lindström et al., 2010). Therefore, the present findings suggest these 

recommendations should extend to technology-driven DPIs. Of the recommended behaviour 

change components described in the toolkit, action planning was the only corresponding BCT 

that was not identified in at least 75% of effective interventions. Nevertheless, as action 

planning was identified more frequently in effective than non-effective interventions in both 

the short and long term, this technique may still be a valuable inclusion in technology-driven 

DPIs. 

In the short term, effective interventions used, on average, 5.6 more BCTs than non-

effective interventions, with social support (unspecified) and adding objects to the 

environment the most effective BCTs. A number of digital social support-based weight loss 

interventions have reported significant weight loss (Hales et al., 2016; Napolitano et al., 

2013; Turner-McGrievy & Tate, 2013). However, the broad nature of the social support 

(unspecified) BCT may have increased the frequency in which it was coded in the present 

review relative to other BCTs. As this BCT accommodates a wide range of social support 

strategies, a rationale for the effectiveness of social support in the present review is difficult 

to discern, and weight loss may have occurred via interactions between social support and 
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other intervention components. Furthermore, studies of online weight loss communities found 

weight loss or weight gain to depend on: the type(s) of social support available, how 

participants provided and received support, and the level in which participants engaged with 

the support opportunities (Ballantine & Stephenson, 2011; Hwang et al., 2014; Hwang et al., 

2010; Yan, 2018). Therefore, for a nuanced understanding of the relationship between social 

support and weight loss in technology-driven DPIs, further assessment is needed to identify 

the perceptions and experiences of participants who engaged or disengaged with the social 

support tools and opportunities. Adding to the success of social support, all eight 

interventions that issued pedometers were effective–perhaps unsurprising given that 

pedometer-based walking interventions, even those lacking dietary intervention, have 

achieved modest weight loss (Richardson et al., 2008). However, weight loss may not be the 

product of pedometer use per se, as goal setting (e.g., daily step targets) could have motivated 

participants to increase their physical activity to the level required for weight reduction. 

Supporting this, a review of pedometer use among adult outpatients reported a 27% increase 

in physical activity and significant decrease in Body Mass Index (BMI), with goal setting the 

key outcome predictor (Bravata et al., 2007). It is also possible that participants perceived the 

self-contained pedometer to be a practical gift of value, providing an incentive to engage with 

the intervention in its early stages. 

In the long term, effective interventions used, on average, 3.7 more BCTs than non-

effective interventions. The most effective BCT was problem solving, a technique which 

encourages participants to generate potential strategies for health behaviour change (such as 

overcoming barriers, relapse prevention, and coping planning), and then select, apply and 

evaluate the most appropriate strategy (King et al., 2010; Lindström et al., 2010; Michie et 

al., 2013). Such strategies may have empowered participants to build the necessary skills to 

maintain healthier behaviours long term and prevent or overcome weight loss plateaus. 

Collectively, the evidence suggests that technology-driven DPIs containing a larger 

number of BCTs were more likely to achieve clinically significant weight loss. Moreover, a 

specific set of seven BCTs were frequently identified in interventions that were effective in 

both the short and long term. Social support and adding objects to the environment (via 

pedometer use) were the most effective BCTs in the short term, and problem solving was the 

most effective BCT in the long term. 
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3.5.2. Digital Features 

 Much like the evidence for BCTs, interventions which used a larger number of 

passive and interactive digital features were more effective. Comparable results were reported 

by Donevant et al. (2018) and Holcombe et al. (2015) who found that mobile health 

interventions were more effective in improving diabetes-related outcomes when interactive 

features were included. However, in the present review, the influence of interactive features 

decreased over time. Three digital features, all passive (health and lifestyle information and 

advice, diet tracking, and activity tracking) were frequently identified in effective 

interventions–suggesting that these components may constitute an effective core set of 

features which future technology-driven DPIs should integrate as a base standard. 

In the short term, effective interventions used, on average, 1.9 more passive features 

and 1 more interactive feature than non-effective interventions. The most effective were the 

passive features of activity tracking and diet tracking, and the interactive feature of online 

health coaching. In the long term, effective interventions used, on average, 1.9 more passive 

features and 0.25 more interactive features than non-effective interventions. The most 

effective were the passive features of activity tracking, reminders and prompts, and weight 

and biomeasure tracking; and the interactive feature of online health coaching. The 

comparatively high use of digital tracking and online health coaching across effective 

interventions at both time periods offers two conclusions. First, self-monitoring may be most 

effective when digital technologies are used to track behaviours and outcomes. This is further 

supported by the low rate of effectiveness among interventions that used paper-based tracking 

only. Paper-based diaries can be burdensome, and subject to delayed reporting and low 

adherence (Burke et al., 2005; Stone et al., 2003); limitations previously observed in diet plus 

physical activity interventions (Burke et al., 2011; Turner-McGrievy et al., 2013). However, 

paper-based reporting may have simply been less engaging for participants who chose to 

enrol in a technology-driven DPI through an interest in using digital tools. Second, feedback 

was most effective when delivered digitally, provided that it was given by a human coach. 

Online coaching predominantly involved two-way instant messaging and may have multiple 

advantages over automated feedback and real-time health coaching delivered in person or by 

phone. Online coaching grants participants the human interaction and detailed, tailored 

feedback that is lacking in automated feedback protocols; yet, unlike live coaching, instant 

messages are concise and accessible 24 hours a day. Furthermore, online coaching eliminates 

the need to set mutually convenient meeting times, arrange transport, or seek privacy to 
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accept or make a phone call. Although self-monitoring and health coaching were most 

effective when delivered digitally, the same was not found for social support. The social 

support (unspecified) BCT used in 100% of effective interventions, captured online, face-to-

face, and phone support, yet the digitally exclusive social media and support feature was 

found in only 50% of effective interventions, together suggesting that online support (e.g., via 

other participants) and face-to-face or phone support (e.g., via family, friends, and support 

staff) were equally effective. 

Technology-driven DPIs have been developed to overcome the accessibility barriers 

of face-to-face interventions; and, as the present findings collectively suggest that 

interventions which use more BCTs and digital features are more effective, websites and 

smartphones may be the most suitable modes of delivery due to their increasingly high 

adoption rates and breadth of functionality. In 2018, internet use and smartphone ownership 

rates among adults in advanced economies were 90% and 76% respectively, with sharp, 

steady growth reported among the 50-and-older age group (Taylor & Silver, 2019). 

Moreover, these multimedia platforms have the capacity to incorporate a large variety of 

passive and interactive features, and deliver a comprehensive, evidence-based curriculum 

such as that used in the Diabetes Prevention Program. 

3.5.3. Strengths and Limitations 

This was the first review of technology-driven DPIs to identify the BCTs and digital 

features frequently associated with clinically significant weight loss. We used two separate 

approaches to identify intervention components, enabling a detailed assessment of the 

interventions’ active ingredients. Behaviour Change Technique coding represented a top-

down approach in which intervention descriptions were reduced to their smallest behaviour 

change components as informed by existing labels and definitions. Conversely, digital feature 

identification was a bottom-up approach through which the features were informed by the 

intervention descriptions themselves–working from the narrowly defined digital components, 

up to the broadly defined digital features. Future reviews of interventions containing both 

digital and non-digital components may benefit from this dual approach, as in addition to 

identifying the interventions’ most effective behavioural components, this approach can also 

identify a component’s most effective mode of delivery. 

This review has some limitations. First, identification of BCTs and digital 

components was dependent on the detail in which the interventions were described–a 
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common limitation of reviews that examine BCTs and digital features (Cradock et al., 2017; 

Donevant et al., 2018; Joiner et al., 2017). While the imputation process mitigated this to 

some degree, imputation was only used to extrapolate BCTs from other studies within this 

review that applied the same standardised intervention. For all independent interventions, a 

BCT was only marked as present if its inclusion was explicitly clear in the intervention 

description(s). Second, although this review found BCTs and digital features to be identified 

more frequently in effective interventions, the long-term assessment contained fewer 

interventions than the short-term assessment. Therefore, greater confidence may be placed in 

the short-term findings. Third, as a meta-analysis was not feasible, an overall intervention 

effect could not be established; and, as there was wide heterogeneity in sample size between 

studies, an intervention’s effectiveness may have been influenced by the study’s statistical 

power. However, to establish the effectiveness of individual interventions, we used 

international benchmarks and certification criteria that are applied, in practice, to assess 

interventions on a case-by-case basis. For example, the CDC can certify an individual cite 

regardless of sample size (at a minimum of 5 participants) provided the 5% weight loss 

benchmark was achieved (CDC, 2018) Finally, we reviewed studies with varying designs, 

including RCTs and non-experimental (observational) studies, which may have introduced 

various biases. However, technology-driven DPIs are designed for real world 

implementation, and RCT conditions are unlikely to match those in which the intervention is 

routinely completed. Furthermore, observational data can offer insight into the outcomes of 

participants often unrepresented in RCTs, such as older adults or individuals with comorbid 

conditions (Booth & Tannock, 2014). These population groups are particularly important, 

with recent US reports citing that nearly half of adults aged 65 and over have prediabetes; 

and, of all adults with prediabetes, rates of comorbid hypertension and dyslipidaemia were 

51% and 24% respectively (Ali et al., 2018; Kirkman et al., 2012). 

3.5.4. Future Directions 

Although this review described the associations between specific BCTs, digital 

features, and effectiveness–causality cannot be inferred, and further research is needed to 

determine the most effective intervention components for population sub-groups such as 

those defined by age, gender, ethnicity, geographic location, and socio-economic status. As 

some technology-driven DPIs have standardisation requirements, precluding the post-hoc 

testing of individual components (Albright & Gregg, 2013; Castro Sweet et al., 2018), 

developers of future interventions could trial individual components during the development 
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phase. For example, the Multiphase Optimization Strategy (MOST; Collins et al., 2007) 

facilitates the identification and testing of candidate components before a complete prototype 

is developed and ultimately tested via RCT. However, this process is subject to relatively 

high resource and time commitments, and care is needed to ensure that methodological rigour 

does not impede the assessment of real-world effectiveness. Further research is also needed to 

identify the implementation and sustainability costs for the digital features by mode of 

delivery so that cost-effectiveness can be established. The ‘non-effective’ interventions in this 

review do not necessarily lack utility in T2D prevention, as for every kilogram of weight lost 

in the original Diabetes Prevention Program, T2D risk was still reduced by 16% (Hamman et 

al., 2006). Interventions that achieve modest weight loss but are inexpensive to sustain, may 

still be viable T2D prevention tools. Finally, each of the reviewed interventions targeted 

physical activity and dietary behaviours, yet only 11 and 9 studies reported changes in these 

respective behaviours, each measured in a variety of ways. Standardised physical activity and 

dietary measures should be used in future interventions to enable researchers to identify the 

behaviours that most strongly influence weight loss. Additionally, as attrition varied widely 

between studies, further research is also required to assess participant adherence and 

engagement, and its subsequent impact on behaviour change and the outcomes associated 

with T2D.  

3.6. Conclusion 

 Technology-driven DPIs achieved clinically significant weight loss in adults at risk of 

developing T2D, particularly in the short term, which, along with reports of improved 

glycaemia and lower T2D incidence, supports the utility of these interventions for preventing 

diabetes. However, a number of interventions fell short of reaching the 5% weight loss 

benchmark. Effective interventions contained a larger number of BCTs and digital features. 

Interventions that encouraged participants to set goals; self-monitor their diet, physical 

activity, and body weight; seek social support; and develop problem solving strategies were 

most successful. Technology-driven DPIs can be optimised by integrating digital-only tools 

that provide health and lifestyle information and advice, track behaviours and outcomes, and 

facilitate online behavioural support from a health coach. Websites and smartphone 

applications are appropriate modes of delivery as these multimedia platforms are widely 

accessible and have the capacity to incorporate a large variety of features. Additional research 

is needed to determine the cost-effectiveness of technology-driven DPIs and identify the 
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mechanisms in which BCTs and digital features directly influence physical activity, dietary 

behaviours, and engagement among different population groups. 
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4. Study Two: Development and Testing of a Digital Health Acceptability Model to 

Explain the Intention to Use a Digital Diabetes Prevention Programme 

Van Rhoon, L.1, McSharry, J.1 & Byrne, M.1 

1Health Behaviour Change Research Group, School of Psychology, National University of 

Ireland Galway, Ireland. 

4.1. Abstract 

Objectives: Digitally-delivered diabetes prevention programmes (DPPs) may improve 

population health by reversing the escalating trend of type 2 diabetes (T2D) incidence. 

Understanding the factors which determine digital health acceptability is critical to 

developing effective interventions. This study aimed to develop and test a digital health 

acceptability model of the factors influencing the intention of adults living in Ireland to use a 

digital DPP. 

Design: A 61-item cross-sectional survey was issued online or in hard copy to a sample of 

adults. 

Methods: Participants viewed a brochure for a smartphone-based digital DPP. The 

FINDRISC assessed their risk of developing T2D, and Likert scale items assessed the 

personal health, social influence, eHealth literacy, and intervention factors of the model. 

Structural equation modelling was used to assess the relationships between these factors. 

Results: Three-hundred-and-sixteen eligible participants (Mage = 36) completed the survey, 

42% of which had a slightly elevated T2D risk or higher. Twelve direct factor relationships 

were statistically significant. Subjective norm had a moderate-to-large impact on T2D risk 

perceptions. Health status, perceived susceptibility to T2D, eHealth readiness, 

communicative eHealth literacy, and image had significant impacts on use intentions through 

mediators of perceived ease of use and perceived usefulness. The model explained 65% of 

the variance in digital DPP use intentions. 

Conclusions: Personal health beliefs, social influence, and eHealth literacy collectively 

influence a digital DPP’s acceptability. These findings may inform the development of future 

digital DPPs and other digital health interventions. Future research should test the model with 

adults that have a higher T2D risk status. 
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4.2. Background 

Diabetes is a serious health condition that, in 2019, affected approximately 9.3% or 

463 million people worldwide (Saeedi et al., 2019). People with diabetes are at greater risk of 

cardiovascular disease, and complications such as nephropathy, retinopathy, and neuropathy 

(Murray et al., 2019). Type 2 diabetes (T2D) represents approximately 90% of all diabetes 

cases, which can often be attributed to modifiable, preventive factors associated with weight 

gain such as physical inactivity, unhealthy dietary practices, and related environmental 

factors (Saeedi et al., 2019; Yach et al., 2006). In Ireland, T2D represents a significant health 

threat, as 216,000 people over age 40 are estimated to have the condition, with incidence 

expected to reach 414,000 by the year 2036 (Pierse et al., 2021). It has therefore been 

suggested that a national public health strategy should include the implementation of a 

diabetes prevention programme (DPP) for at-risk individuals (Pierse et al., 2021). 

Informed by landmark diabetes prevention studies (Knowler et al., 2002; Pan et al., 

1997; Tuomilehto et al., 2001), countries such as the United States and England have 

implemented national community based DPPs. In these programmes, people at risk of 

developing T2D are identified via Body Mass Index (BMI), blood glucose tests, and/or self-

report risk score (Barron et al., 2018; Ely et al., 2017) and offered educational materials and 

in-person group counselling sessions to support the lifestyle changes (e.g., healthier eating, 

increased physical activity) needed to achieve and maintain a healthy weight (Valabhji et al., 

2020). Reviews of these DPPs reported significant average weight reductions of 2.3 kg 

(Dunkley et al., 2014), and 4% of baseline values (Ali et al., 2012) at 12 months; and, 

significant reductions in fasting glucose and HbA1c (two blood sugar markers that can 

indicate T2D risk), and T2D incidence at 12-18 months (Ashra et al., 2015). 

Despite the success of DPPs, barriers such as transportation difficulties, lack of 

community spaces, and work/family commitments can make attendance difficult (Halley et 
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al., 2020; Harrison et al., 2020). Digital DPPs can potentially overcome these barriers, 

delivering content (e.g., exercise and diet tracking, goal setting) through computers or 

smartphones whilst facilitating remote communication with a health coach and other 

participants via video calls and online social forums (Grock et al., 2017; Van Rhoon et al., 

2020). Digital DPPs have achieved results comparable to their in-person counterparts and are 

potentially more cost-effective (Bian et al., 2017; Castro Sweet et al., 2020). This, when 

combined with the burgeoning need for digital health solutions highlighted during the 

COVID-19 pandemic (Robbins et al., 2020), suggests that the implementation of a digitally-

delivered DPP could be an important diabetes prevention solution for Ireland and other 

countries that are yet to adopt such a programme. 

Although digital interventions can facilitate health behaviour change, many show low 

rates of initial uptake, limiting their impact (Murray et al., 2019). However, uptake may be 

maximised by consulting potential users in the development or ‘pre-use’ stage, where 

findings can inform the intervention’s design (Nadal et al., 2020). This pre-use ‘acceptability’ 

represents a person’s intention to adopt the intervention once it becomes available. A number 

of existing theories, such as those that follow, aim to explain digital health acceptability, and 

the application of theory in the current study provides an evidence-based foundation for 

examining factors that influence this acceptability in the context of diabetes prevention. 

4.3. Theoretical Framework 

 The Technology Acceptance Model (TAM; Davis, 1989) and subsequent revisions are 

the primary models used for investigating digital health acceptability (Rahimi et al., 2018). 

The TAM posits that an intervention’s perceived usefulness and ease of use determine one’s 

attitude towards the intervention and subsequent adoption (Davis, 1989). However, as the 

TAM is technology-focused, researchers have suggested that health behaviour factors should 

be included in such models when assessing digital health (Sun et al., 2013). 

The Health Information Technology Acceptance Model (HITAM), developed by Kim 

and Park (2012), expanded the TAM, incorporating personal health factors (e.g., perceived 

susceptibility) from the Health Belief Model (HBM; Rosenstock, 1974), and social influence 

factors (e.g., subjective norm) from the Theory of Planned Behaviour (TPB; Ajzen, 1991). 

The HITAM suggests that people will perceive a digital health intervention as useful if there 

is a perceived threat of illness, and if the people they trust recommend its use (Kim & Park, 

2012). The HITAM also includes two antecedents to both perceived usefulness and ease of 
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use, in the factors of health information technology reliability and self-efficacy. These 

capture one’s previous experiences with technology, and confidence in using technology 

respectively (Kim & Park, 2012). This ‘eHealth literacy’ has been identified as a key 

determinant of one’s engagement with digital health interventions (Paige et al., 2018). 

A recent meta-analysis of technology acceptance models found that subjective norm, 

technology self-efficacy, perceived usefulness, perceived ease of use, and attitude were the 

strongest predictors of consumers’ intentions to use health technologies (Tao et al., 2020). To 

further improve the predictive power of these models, researchers recommend the addition of 

context-specific (in this case, digital DPP-related) constructs (Rahimi et al., 2018). 

There is limited research exploring digital health acceptance at the pre-use stage 

(Nadal et al., 2020); and to date, no study has applied a health technology acceptance model 

to assess digital DPP acceptability. The present study aimed to develop and assess a digital 

health acceptability model to identify the factors that influence the intention of adults living 

in Ireland to use a digital DPP. Establishing each factor’s predictive strength may facilitate an 

understanding as to why people may or may not use a digital DPP. Furthermore, 

identification of the most important, modifiable determinants of programme acceptability 

may assist developers in tailoring the programme’s content and communication strategies to 

make the programme more appealing to people at risk of developing T2D, potentially 

maximising uptake. 

4.4. The Hypothesised Research Model 

 The hypothesised model for the current study was informed by the HITAM and its 

predecessors (HBM, TAM, and TPB), and included digital DPP-specific factors. There are 

four types of factors included in the model: personal health factors, social influence factors, 

eHealth literacy factors, and intervention factors. These are detailed below along with the 

model diagram (Figure 4.1) and factor descriptions (Table 4.1). 
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Figure 4.1 

Hypothesised Model of the Factors Influencing the Acceptability of a Digital DPP 

 

Note. H1-H15 indicates all hypothesised direct positive relationships in the model. 
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Table 4.1 

The Factors Included in the Hypothesised Model, Theories/Models of Origin, and Factor 

Definitions 

Factor (abbreviation) Theory/model Definition 

Health status (HS) HITAM The individual’s objective risk of developing T2D within the 

next 10 years. 

Perceived seriousness (PSe) HITAM, 

HBM 

The individual’s belief as to the seriousness of T2D as a 

health condition. This includes their emotional feelings about 

T2D and perceived difficulties they may face if it develops.  

Perceived susceptibility 

(PSu) 

HITAM, 

HBM 

The individual’s belief as to how susceptible they are to 

developing T2D, and their level of concern regarding these 

beliefs. 

Subjective norm (SN) HITAM, 

TAM3, TPB 

The degree to which an individual perceives that most people 

who are important to them think they should eat healthier 

and be more physically active. 

Image (IM) TAM2 The degree to which an individual believes that using a 

digital health programme’s technological innovations are an 

indicator of higher social status. 

eHealth readiness (eHR) - The degree to which an individual feels ready to engage with 

a digital health intervention and its devices via website, 

online application, and/or through the use of wearable 

technologies.  

Communicative eHealth 

literacy (CeL) 

TMeHL The individual’s perceived level of ability to collaborate, 

adapt, and control communication about health with others 

online, using multimedia devices. 

General eHealth literacy 

(GeL) 

Lily model The individual’s perceived level of knowledge, comfort, and 

skills at finding, evaluating, and applying electronic health 

information to health problems. 

Perceived usefulness (PU) HITAM, 

TAM, TAM2 

The extent to which an individual believes that the 

programme will help them to become more physically fit, 

improve their diet, manage their weight, and prevent T2D. 

Perceived ease of use 

(PEU) 

HITAM, 

TAM, TAM2 

The individual’s perception as to how easy the programme 

would be to use, and how effortless it would be to navigate. 

Attitude towards the 

programme (ATT) 

HITAM, 

TAM 

The individual’s level of positive perception of the 

programme, including how satisfying and enjoyable they 

would find it to use. 

Intention to use the 

programme (INT) 

HITAM, 

TAM, TAM2 

The level of intent the individual has toward using the 

programme. 

Note: HITAM = Health Information Technology acceptance Model (Kim & Park, 2012), 

FINDRISC = Finnish Diabetes Risk Score (Lindström & Tuomilehto, 2003), HBM = Health 

Belief Model (Rosenstock, 1974), TPB = Theory of Planned Behaviour (Ajzen, 1991), 

TAM3 = Technology Acceptance Model 3 (Venkatesh & Bala, 2008), TMeHL = 

Transactional Model of eHealth Literacy (Paige et al., 2018), TAM = Technology 

Acceptance Model (Davis, 1989), TAM2 = Technology Acceptance Model 2 (Venkatesh & 

Davis, 2000). Lily Model = model of six literacies (Norman & Skinner, 2006b). 
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4.4.1. Personal Health Factors 

 These factors represent the individual’s objective and subjective health status and 

beliefs pertaining to T2D. Health status represents one’s objective risk of developing T2D 

within the next 10 years. The HITAM (Kim & Park, 2012) suggests that a greater T2D risk 

would increase one’s perceived seriousness of T2D, and perceived susceptibility to 

developing T2D. This ‘perceived threat’ has positively influenced the perceived usefulness of 

a chronic disease management smartphone intervention (Dou et al., 2017). 

4.4.2. Social Influence Factors  

 These capture the influence that trusted others (e.g., friends, family, healthcare 

professionals) have over one’s motivation to improve their health behaviours and use health 

technologies. Social influence has predicted telemedicine use (Harst et al., 2019). Subjective 

norms suggest that one is more likely to adhere to dietary and physical activity 

recommendations if trusted others advise them to do so (Traina et al., 2016). A programme 

that facilitates these actions may be perceived as more useful. Image reflects one’s belief that 

using health technologies will enhance their social status, thus increasing the programme’s 

perceived usefulness. Status enhancement has been identified as a motivating factor for the 

use of health technologies and data sharing (Brinson & Rutherford, 2020; Rosales et al., 

2017). 

4.4.3. eHealth Literacy Factors 

 Digital DPPs incorporate many technology-driven devices and features (e.g., 

smartphone apps, wearables, social networks) requiring an extended repertoire of eHealth 

competencies (Van Rhoon et al., 2020). In view of this, and Bautista’s (2015) conceptual 

definition, eHealth literacy factors capture one’s aptitude towards, and confidence in using 

digital health technologies; and the interplay of individual and social factors in the use of a 

digital intervention. Three eHealth literacy factors are included here. Based on the HITAM 

(Kim & Park, 2012), eHealth readiness and communicative eHealth literacy were predicted 

to influence perceived usefulness and perceived ease of use. General eHealth literacy is not 

feature-specific and was therefore only predicted to influence perceived ease of use. 

4.4.4. Intervention Factors 

 Intervention factors capture one’s perceptions of the digital DPP, including its 

acceptability. In a study of patients with T2D, Yan and Or (2019) found that a digital health 

system’s perceived usefulness and perceived ease of use were positively associated with more 
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favourable attitudes toward, and intention to use the system, with perceived ease of use also 

directly influencing perceived usefulness. 

4.4.5. Research Hypotheses 

 Fifteen significant positive associations were hypothesised (see Table 4.2). 

 

Table 4.2 

List of Hypotheses 

Label Hypothesis 

H1 Health status is positively associated with perceived seriousness of T2D. 

H2 Health status is positively associated with perceived susceptibility to T2D. 

H3 Perceived seriousness is positively associated with perceived usefulness. 

H4 Perceived susceptibility is positively associated with perceived usefulness. 

H5 Subjective norm is positively associated with perceived usefulness. 

H6 Image is positively associated with perceived usefulness. 

H7 eHealth readiness is positively associated with perceived usefulness. 

H8 eHealth readiness is positively associated with perceived ease of use. 

H9 Communicative eHealth literacy is positively associated with perceived usefulness. 

H10 Communicative eHealth literacy is positively associated with perceived ease of use. 

H11 General eHealth literacy is positively associated with perceived ease of use. 

H12 Perceived ease of use is positively associated with perceived usefulness. 

H13 Perceived ease of use is positively associated with attitude towards the digital DPP. 

H14 Perceived usefulness is positively associated with attitude towards the digital DPP. 

H15 Attitude towards the digital DPP is positively associated with intention to use the digital DPP. 

4.5. Methods 

4.5.1. Participants 

 Participants were recruited online through press releases, social media, health and 

council organisations, and postgraduate student and academic staff mailing lists. Inclusion 

criteria was as follows: English-speaking adults aged ≥18 years, residing in the Republic of 

Ireland, and no previous diagnosis of type 1 or T2D. Data were collected between October 

2020 and April 2021. Of the 333 completed surveys, 17 (5.1%) were excluded as participants 

did not meet all inclusion criteria. A final sample of 316 was analysed. 
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4.5.2. Design and Procedure 

 This study was approved by the NUI Galway Research Ethics Committee (see 

Appendix F). To test the model, participants were asked to complete a survey on digital 

health and T2D prevention, either online via the LimeSurvey online survey tool (Limesurvey 

GmbH, 2021) or physical booklet. Consent was obtained before the survey commenced. The 

survey contained 61 mandatory items across four sections, from which the study measures 

were obtained. The first section obtained participant demographics and determined their T2D 

risk score. Participants did not receive this score until after the study. Section two contained 

items assessing the personal health, social influence, and eHealth literacy factors. Section 

three contained a seven-page colour brochure (see Appendix K) for an established 

smartphone-based digital DPP featured in the National Health Service (NHS) England digital 

DPP pilot study (Murray et al., 2019). This brochure included images showcasing key 

programme features. Section four contained items assessing participants’ perceptions of this 

programme (intervention factors). Upon completing the survey, participants could enter a 

draw to win a €100 gift card. 

4.5.3. Measures 

 4.5.3.1 Health Status. Health status was determined via the total score from eight 

Finnish Diabetes Risk Score (FINDRISC) items (see Lindström & Tuomilehto, 2003). These 

were age, BMI, waist circumference, eating and physical activity behaviours, medication and 

blood glucose history, and family history of diabetes. A higher health status score indicated a 

greater risk of developing T2D. 

 4.5.3.2. Research Model Measures. The following measures assessed the remaining 

11 factors (see Appendix AG). All items were answered using a five-point Likert scale 

(strongly disagree to strongly agree) unless otherwise indicated. 

 4.5.3.2.1. Personal Health Factors. Measures of perceived seriousness and perceived 

susceptibility (four items each) were adapted from previous studies assessing diabetes and 

cardiovascular disease beliefs (Della et al., 2013; Tovar et al., 2010). 

 4.5.3.2.2. Social Influence Factors. Subjective norm was assessed using two items 

adapted from the TPB (Ajzen, 2002). Image was assessed using three items adapted from the 

Technology Acceptance Model 2 (TAM2; Venkatesh & Davis, 2000). 
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 4.5.3.2.3. eHealth Literacy Factors. eHealth readiness was assessed using the seven-

item eHealth Readiness Scale (Bhalla et al., 2016). Communicative eHealth literacy was 

assessed using the five-item communicative eHealth subscale of the Transactional Model of 

eHealth Literacy scale (Paige et al., 2019). General eHealth literacy was assessed using the 

eight-item eHealth Literacy Scale (eHEALS; Norman & Skinner, 2006a). 

 4.5.3.2.4. Intervention Factors. Perceived usefulness and perceived ease of use were 

each assessed using four items, all adapted from the TAM2 (Venkatesh & Davis, 2000) and 

previous T2D research (Yan & Or, 2019). Attitudes and intentions were assessed using four 

and two items respectively, all adapted from the TAM (Davis, 1989), TPB (Ajzen, 2002), and 

previous T2D research (Yan & Or, 2019). 

4.5.4. Statistical Analysis 

 Descriptive analyses were conducted using IBM SPSS version 27.0 (IBM Corp., 

2020). This included multi-variate outlier screening and normality assessments for each 

measurement item. For all factors, after measurement model validation, normality was 

assessed, tolerance and variance inflation factors were inspected to identify issues of multi-

collinearity, and bivariate correlations were analysed. 

 Using structural equation modelling (SEM), the specification and fit of both the 

measurement and hypothesised models was assessed in IBM Amos version 27.0 (Arbuckle, 

2020) with maximum likelihood estimation. For each model, chi-square values were 

identified, and model fit deemed acceptable if all of the following conditions were met: 

Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) ≥.90, standardised root-mean-

square residual (SRMR) <.09, and root-mean-square error of approximation (RMSEA) <.08 

(Bentler, 1990; Hu & Bentler, 1999). Data from which all analyses were conducted are 

available at https://osf.io/tzjby/. 

 Confirmatory Factor Analysis (CFA) evaluated the validity and reliability of the 

measurement model, which included all factors except for the single-item heath status factor. 

Factor items were deemed questionable, warranting removal if: (a) their loading was <.50 

(Hair, 2009), or <.70 in the case of two-item factors (Worthington & Whittaker, 2006); or, (b) 

their removal would improve model fit, as allowing error terms to correlate is not 

recommended when performing CFA (Hermida, 2015). Acceptable internal consistency of 

the measurement scales was established at Cronbach’s alpha values of ≥.70 (Taber, 2018). 

Composite reliability was established at values of ≥.70 (Hair, 2009). Convergent validity was 

https://osf.io/tzjby/
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established with average variance extracted (AVE) values of ≥.50 (Hair, 2009), while values 

of <.50 were acceptable only if the factors’ composite reliability value was ≥.70 (Malhotra & 

Dash, 2016). Discriminant validity was supported if: a) the square root of the AVE for each 

factor exceeded the correlation between it and each other factor (Fornell & Larcker, 1981), 

and b) a heterotrait-monotrait ratio of correlations (HTMT) test revealed all values to be <.85 

(Henseler et al., 2015). To account for common method variance generated by the use of a 

single survey, a common latent factor (CLF) test compared the standardised regression 

weights of all items of the model with and without the CLF (Eichhorn, 2014). If all regression 

weight differences are <.200, common method variance is not a problem (Gaskin, 2021). 

 The direct, indirect, and total effects of the hypothesised model were assessed using 

the bootstrapping method with 5000 resamples at 95% confidence intervals. 

4.6. Results 

4.6.1. Participant Characteristics 

 Characteristics of the 316 participants can be found in Table 4.3. Participants’ mean 

age was 36.25 years old (SD = 13.99). The sample was 77% female, 93% white, and 90% 

held an undergraduate degree or higher. Additionally, 40% had a slightly elevated risk or 

higher of developing T2D, and 48% reported a family history of type 1 or T2D. For 

reference, 48% of participants had a BMI of ≥25, a criterion used in the Unites States to 

determine potential eligibility for enrolment in the Centers for Disease Control and 

Prevention (CDC) DPP (CDC, 2021d). 
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Table 4.3 

Summary of Sample Characteristics (N = 316) 

Characteristic and Category n (%) M SD 

Form of survey completed    

Online 313 (99.05)   

Hard copya 3 (0.95%)   

Age in years  36.25 13.99 

18-29 145 (45.89)   

30-39 53 (16.77)   

40-49 62 (19.62)   

50-59 31 (9.81)   

60+ 25 (7.91)   

Gender    

Female 242 (76.58)   

Male 71 (22.47)   

Other 3 (0.95)   

Ethnicity    

White Irish 252 (79.75)   

Any other white background 43 (13.61)   

Asian or Asian Irish 12 (3.80)   

Other 6 (1.90)   

Black or Black Irish 3 (0.95)   

Irish Traveller 3 (0.95)   

Highest education obtained    

Postgraduate degree 143 (45.25)   

Undergraduate degree 141 (44.62)   

Technical or vocational 12 (3.80)   

Upper secondary 11 (3.48)   

Lower secondary 8 (2.53)   

Primary 1 (0.32)   

Body Mass Index (BMI)  26.09 5.98 

Underweight (<18.5) 6 (1.90)   

Healthy weight (18.5-24.9) 160 (50.63)   

Overweight (25-29.9) 88 (27.85)   

Obese (≥30) 62 (19.62)   

FINDRISC score  6.14 4.82 

Low risk (0-6) 189 (57.81)   

Slightly elevated risk (7-11) 79 (25.00)   

Moderate risk (12-14) 29 (9.18)   

High risk (15-20) 17 (5.38)   

Very high risk (≥20) 2 (0.63)   

Familial T2D riskb    

No 165 (52.22)   

Yes: grandparent, aunt, uncle, or first cousin 91 (28.80)   

Yes: mother, father, brother, sister, or own child 60 (18.99)   

a Effective distribution of hard copy surveys was not possible due to COVID-19 restrictions. 

b An immediate family member or other relative had been previously diagnosed with type 1 

or 2 diabetes. 
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4.6.2. Confirmatory Factor Analysis 

 The initial CFA revealed that the perceived usefulness and attitude factors were in-

discriminant, with an HTMT test value of .89. As the removal of two attitude items did not 

sufficiently improve this, the conservative approach was to remove the attitude factor from 

further analysis and, in accordance with TAM2 (Venkatesh & Davis, 2000) and TAM3 

(Venkatesh & Bala, 2008), draw relationships from perceived usefulness and perceived ease 

of use to intention directly. This revised structural model can be found in Figure 4.2. Two 

eHealth readiness items were removed: item eHR1 was removed to improve model fit, and 

eHR7 had a factor loading of .46. Three general eHealth literacy items (GeL6-8) were 

removed to improve model fit. 

 The final measurement model achieved acceptable fit: [χ2
(620) = 1095.022, p < .001, 

CFI = .916, TLI = .905, SRMR = .062, RMSEA = .049]. Skewness, kurtosis, and factor 

loadings of all items can be found in Table 4.4. The CLF test revealed the largest regression 

difference to be .036, suggesting that common method variance was not an issue, and all 

HTMT test values were <.85, confirming the discriminant validity of all factors. Values of 

internal consistency, composite reliability, AVE, and the Fornell-Larcker test can be found in 

Table 4.5, and descriptive statistics of the summed factor scores in Table 4.6. All values were 

within the required ranges, supporting the validity and reliability of the final measurement 

model. 
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Figure 4.2 

Revised Structural Model of the Factors Influencing the Acceptability of a Digital DPP 

    

Note. Hypotheses 13 and 14 are now denoted as “b” hypotheses as these relationships 

theoretically remained despite removal of the mediating attitude factor. Hypothesis 15 

(attitude predicts intention) was no longer applicable and thus removed. 
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Table 4.4 

Skewness, Kurtosis and Factor Loadings of All Items of the Final Measurement Model 

Item Skewness Kurtosis 
Factor 

loading 

PSe1: If I get diabetes it will not affect my relationships with others that  

          much. (Item reverse-scored). 
0.45 -0.11 .77 

PSe2: Getting diabetes will slow down my daily life. -0.57 -0.53 .66 

PSe3: Diabetes is a sickness that can be very painful. -0.21 -0.62 .62 

PSe4: The costs of living with diabetes are so bad that I really want to  

          avoid them if I can. 
-0.45 -0.37 .52 

PSu1: My chances of developing diabetes in the next few years are great. 0.54 -0.62 .77 

PSu2: I am concerned about the likelihood of developing diabetes in the  

          near future. 
0.17 -1.18 .90 

PSu3: Because there are so many things that could happen to me, I think it  

           is foolish to worry about diabetes. (Item reverse-scored) 
0.47 0.22 .51 

PSu4: The older I get, the more I think about getting diabetes. -0.14 -1.17 .72 

SN1: Most people who are important to me think that I should get more  

         exercise. 
0.45 -0.86 .84 

SN2: Most people who are important to me think that I should have a  

         healthier diet. 
0.34 -1.02 .79 

IM1: People who use digital wearable devices/or smartphone apps have  

         more prestige than those who don’t. 
0.80 0.63 .77 

IM2: People who use digital wearable devices or smartphone apps have a  

         high profile. 
0.60 0.14 .86 

IM3: Between the people I know, the use of digital wearable devices and  

         smartphone apps are a status symbol. 
0.50 -0.43 .64 

eHR2: I feel that my previous experiences with online technologies are  

           important to my success with using a lifestyle intervention. 
-0.48 -0.61 .55 

eHR3: Using internet technologies makes me more efficient in my daily  

           functioning. 
-0.69 -0.15 .79 

eHR4: I believe that I am able to make good use of internet websites and  

           web applications. 
-1.05 2.31 .57 

eHR5: Using internet technologies provide me with a feeling of  

            independence. 
-0.80 0.11 .75 

eHR6: I enjoy the challenge of figuring out the different functions of  

            websites and web applications. 
-0.20 -0.87 .54 

CeL1: I can achieve my health information goals on the internet while  

           helping other users achieve theirs. 
-0.02 -0.50 .62 

CeL2: I have the skills I need to talk about health topics on the Internet  

           with multiple users at the same time. 
0.07 -0.84 .80 

CeL3: I can identify the emotional tone of a health conversation on the  

           internet. 
-0.29 -0.66 .53 

CeL4: I have the skills I need to contribute to health conversations on the  

           internet. 
-0.13 -0.92 .86 

CeL5: I have the skills I need to build personal connections with other  

           internet users who share health information. -0.20 -0.74 .78 
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Table 4.4 Continued 

Item Skewness Kurtosis 
Factor 

loading 

GeL1: I know how to find helpful resources on the internet. -0.93 2.18 .62 

GeL2: I know how to use the internet to answer my health questions. -1.07 1.54 .79 

GeL3: I know what health resources are available on the internet. -0.81 0.56 .80 

GeL4: I know where to find helpful resources on the internet. -1.13 2.67 .82 

GeL5: I know how to use the health information I find on the internet to  

           help me. 
-0.87 1.05 .80 

PU1: Using the intervention would help me to improve my fitness. -1.23 1.89 .87 

PU2: Using the intervention would help me to improve my diet. -1.17 1.29 .90 

PU3: Using the intervention would help me to manage my weight. -1.12 1.35 .83 

PU4: Using the intervention would help me to prevent diabetes. -1.03 1.64 .64 

PEU1: Learning how to use the intervention would be clear and  

            understandable. 
-0.78 2.35 .74 

PEU2: Using the intervention would not require a lot of mental effort. -0.42 -0.60 .53 

PEU3: The intervention tools seem to be easy to use. -0.73 2.50 .82 

PEU4: I would it find it easy to get the tools to do what I want them to     

           do. 
-0.49 1.16 .78 

INT1: Assuming the intervention is available, I intend to use it. -0.17 -0.77 .93 

INT2: Given that the intervention is available, I predict I would use it. -0.26 -0.87 .95 

Note: PSe: perceived seriousness, PSu: perceived susceptibility, SN: subjective norm, IM: 

image, eHR: eHealth readiness, CeL: communicative eHealth literacy, GeL: general eHealth 

literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: intention to use the 

digital DPP. Skewness values of >2, or kurtosis values of >7 indicate non-normality (Cohen 

et al., 2013). 
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Table 4.5 

Cronbach’s Alpha, Composite Reliability, AVE, and the Fornell-Larcker Test of All Factors 

in the CFA 

Factor CA CR AVE PSe PSu SN IM eHR CeL GeL PU PEU INT 

PSe 0.73 0.74 0.42 0.65          

PSu 0.82 0.82 0.55 0.10 0.74         

SN 0.80 0.80 0.67 0.61 0.18 0.82        

IM 0.79 0.80 0.58 0.09 0.19 0.14 0.76       

eHR 0.76 0.78 0.42 0.09 0.13 0.11 0.22 0.65      

CeL 0.84 0.85 0.53 0.02 0.02 -0.03 -0.05 0.27 0.73     

GeL 0.88 0.88 0.60 -0.05 -0.01 -0.08 -0.10 0.14 0.44 0.77    

PU 0.89 0.89 0.67 0.23 0.26 0.30 0.25 0.39 -0.03 -0.17 0.82   

PEU 0.79 0.81 0.55 0.03 0.25 0.16 -0.02 0.24 0.23 0.14 0.43 0.73  

INT 0.97 0.94 0.89 0.42 0.20 0.39 0.15 0.21 0.03 -0.15 0.70 0.35 0.94 

Note: PSe: perceived seriousness, PSu: perceived susceptibility, SN: subjective norm, IM: 

image, eHR: eHealth readiness, CeL: communicative eHealth literacy, GeL: general eHealth 

literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: intention to use the 

digital DPP, CA: Cronbach’s alpha, CR: composite reliability, AVE: average variance 

extracted. For discriminant validity to be supported, all factor values below and to the left of 

each value (excluding CA, CR and AVE values) in bold must be lower than the bolded value 

itself. 
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Table 4.6 

Descriptive Statistics of the Total Factor Scores 

Factor Mean SD Min Max Skewness Kurtosis Tolerance VIF 

HS 6.14 4.82 0 23 0.71 -0.04 0.66 1.52 

PSe 13.09 2.94 4 20 -0.90 0.16 0.85 1.18 

PSu 10.50 3.61 4 20 0.44 -0.44 0.59 1.71 

SN 5.07 2.17 2 10 0.36 -0.83 0.70 1.43 

IM 6.53 2.39 3 15 0.57 0.31 0.89 1.13 

eHR 21.13 4.39 6 30 -0.37 -0.01 0.76 1.33 

CeL 15.10 4.21 5 25 0.01 -0.29 0.75 1.33 

GeL 19.82 3.21 5 25 -0.83 2.26 0.81 1.24 

PU 14.57 3.13 4 20 -1.31 2.44 0.68 1.47 

PEU 15.42 2.32 4 20 -0.47 1.98 0.7 1.28 

INT 6.24 2.25 2 10 -0.22 -0.80 - - 

Note: HS: health status, PSe: perceived seriousness, PSu: perceived susceptibility, SN: 

subjective norm, IM: image, eHR: eHealth readiness, CeL: communicative eHealth literacy, 

GeL: general eHealth literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: 

intention to use the digital DPP, VIF: variance inflation factor. Skewness values of >2, or 

kurtosis values of >7 indicate non-normality (Cohen et al., 2013). Tolerance values of <0.2 or 

VIF values of >4 indicate multicollinearity problems (Hair, 2009).  

 

4.6.3. Correlation Analysis 

 Before analysing the revised model, bivariate correlations were conducted using the 

summed factor scores (Table 4.7). Of the relationships of interest not explored in the model, 

significant positive relationships were found within the social influence and eHealth literacy 

clusters. Subjective norm and image were positively associated (r = .13, p < .05), and eHealth 

readiness was positively associated with both communicative eHealth literacy (r = .30, p < 

.01) and general eHealth literacy (r = .16, p < .05). 
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Table 4.7 

Pearson’s Correlation Matrix of All Factors of the Revised Structural Model 

Note: HS: health status, PSe: perceived seriousness, PSu: perceived susceptibility, SN: 

subjective norm, IM: image, eHR: eHealth readiness, CeL: communicative eHealth literacy, 

GeL: General eHealth literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: 

intention to use the digital DPP. 

*p < .05, two-tailed. **p < .01, two-tailed. 

 

4.6.4. Revised Structural Model Analysis 

 Index values from the initial analysis suggested that model fit was not acceptable. 

Informed by the largest modification indices, three direct positive relationships were added, 

all of which supported by existing theory. These were: (a) subjective norm to perceived 

seriousness, (b) subjective norm to perceived susceptibility, and (c) perceived susceptibility 

to intention. With these relationships included, model fit was acceptable [χ2
(20) = 52.625, p < 

.001, CFI = .971, TLI = .920, SRMR = .047, RMSEA = .072]. Standardised regression 

weights of all paths and squared multiple correlations for all endogenous variables can be 

found in Figure 4.3. 

 

 

 

 

Factor 1 2 3 4 5 6 7 8 9 10 11 

1. HS 1           

2. PSe -.21** 1          

3. PSu .51** .08 1         

4. SN .30** .13** .50** 1        

5. IM -.03 .17** .07 .13* 1       

6. eHR .04 .11* .11* .09 .21** 1      

7. CeL .03 .03 .01 -.03 -.05 .30** 1     

8. GeL -.02 .01 -.04 -.08 -.08 .16** .40** 1    

9. PU .02 .24** .22** .27** .24** .36** .02 -.12* 1   

10. PEU -.12* .19** .02 .14** -.01 .21** .22** .10* .35** 1  

11. INT .21** .14** .37** .35** .14** .21** .02 -.14** .65** .29**   1 
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Figure 4.3 

The Revised Structural Model of the Relationships of the Factors Influencing the 

Acceptability of a Digital DPP  

 

Note. Co-variances and shaded boxes removed for illustrative parsimony. Figures in italics 

represent the standardised regression weights for paths that were added to the hypothesised 

model to achieve acceptable model fit. Broken lines indicate associations that were not 

statistically significant. 

*p < .05, **p < .01, ***p < .001 

 

As shown in Table 4.8, eight of the fourteen hypotheses were supported, with the 

following significant direct positive relationships found: health status to perceived 

susceptibility (ꞵ = .30, p < .001); perceived susceptibility (ꞵ = .13, p = .021), image (ꞵ = .14, 

p <.001), eHealth readiness (ꞵ = .32, p < .001), and perceived ease of use (ꞵ = .41, p < .001) 

to perceived usefulness; eHealth readiness (ꞵ = .21, p < .001) and communicative eHealth 

literacy (ꞵ = .17, p = .007) to perceived ease of use; and perceived usefulness to intention (ꞵ 

= .30, p < .001). Two hypotheses were not supported as their significant direct relationships 

were negative. These were health status to perceived seriousness (ꞵ = -.27, p < .001), and 

communicative eHealth literacy to perceived usefulness (ꞵ = -.23, p < .001). Four 

hypothesised direct positive associations (perceived seriousness to perceived usefulness, 

subjective norm to perceived usefulness, general eHealth literacy to perceived ease of use, 
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and perceived ease of use to intention) were found, but not significant. However, two of these 

were indirectly significant (see Appendix AH). The first was subjective norm, through 

perceived susceptibility, to perceived usefulness (standardised indirect effect = .08, p = .048); 

and the second was perceived ease of use, through perceived usefulness, to intention 

(standardised indirect effect = .26, p < .001). All indirect and total effects can be found in 

Appendix AI. 
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Table 4.8 

Hypothesis Tests of the Direct Effects of the Revised Structural Model  

Hyp. EnV  ExV 
Regression 

weight (SE) 

S Est. 

(ꞵ) 
95% CI 

CR 

(t) 
p value 

Hyp. 

Test 
SMC 

H1 PSe ← HS -.03 (.01) -.27 -.35, -.17 -4.71 < .001 NSa .12 

-  ← SN .21 (.04) .34 .24, .43 5.93 < .001 - b  

H2 PSu ← HS .05 (.01) .30 .23, .36 7.35 < .001 Supp. .57 

-  ← SN .55 (.04) .59 .52, .65 14.75 < .001 - b  

H3 PU ← PSe .08 (.06) .06 -.00, .13 1.42 .155 NS .47 

H4  ← PSu .11 (.05) .13 .01, .25 2.31 .021 Supp.  

H5  ← SN .07 (.05) .08 -.03, .20 1.38 .166 NS  

H6  ← IM .16 (.05) .14 .08, .20 3.29 < .001 Supp.  

H7  ← eHR .36 (.05) .32 .25, .40 6.95 < .001 Supp.  

H9  ← CeL -.29 (.06) -.23 -.31, -.16 -5.13 < .001 NSa  

H12  ← PEU .67 (.07) .41 .30, .49 9.00 < .001 Supp.  

H8 PEU ← eHR .14 (.04) .21 .11, .31 3.74 < .001 Supp. .10 

H10  ← CeL .13 (.05) .17 .05, .29 2.69 .007 Supp.  

H11  ← GeL .04 (.07) .04 -.08, .16 0.64 .525 NS  

- INT ← PSu .36 (.04) .29 .23, .35 8.26 < .001 - b .65 

H13b  ← PU .89 (.06) .63 .56, .68 15.77 < .001 Supp.  

H14b  ← PEU .16 (.09) .07 .01, .13 1.74 .083 NS  

Note: Hyp: hypothesis, EnV: endogenous variable, ExV: exogenous variable, SE: standard 

error, S Est: standardised estimate, 95% CI: confidence interval for the standardised estimate, 

CR: critical ratio, SMC: squared multiple correlation for the endogenous variable, HS: health 

status, PSe: perceived seriousness, PSu: perceived susceptibility, SN: subjective Norm, IM: 

image, eHR: eHealth readiness, CeL: communicative eHealth literacy, GeL: general eHealth 

literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: intention to use the 

digital DPP, NS: hypothesis not supported, Supp: hypothesis supported. 

a Despite achieving statistical significance, these hypotheses were not supported as the 

associations between these factors were hypothesised to be positive. 

b These relationships were added to achieve acceptable model fit, and therefore not originally 

hypothesised. 

 

This revised structural model (referred to hereafter as the present model) accounted 

for: 65% of the variance in intention, 57% of perceived susceptibility, 47% and 10% of 

perceived usefulness and ease of use respectively, and 12% of perceived seriousness. 
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4.7. Discussion 

This study developed and assessed a digital health acceptability model to identify the 

factors that influence the intention of adults living in Ireland to use a digital DPP. Using 

SEM, the analysis found the present model to explain 65% of the variance in the intention to 

use the programme. This is lower than the 74% found by Yan and Orr (2019) when assessing 

the acceptance of an eHealth system for patients with T2D, but higher than the median 54% 

found in a meta-analysis of health technology acceptance studies (Tao et al., 2020). The 

personal health factors of health status (T2D risk) and perceived susceptibility to T2D, social 

influence factors of subjective norm and image, eHealth literacy factors of eHealth readiness 

and communicative eHealth literacy, and intervention factors of perceived usefulness and 

perceived ease of use were all significant predictors, directly and/or indirectly influencing 

programme use intentions to a relatively large degree. For a digital DPP to have significant 

impact on reducing T2D incidence, uptake must be substantial and may be maximised if 

these factors are considered in the programme’s development or pre-use phase. 

4.7.1. Personal Health and Social Influence 

 Sizable relationships between the personal health and social influence factors were 

found. Kim and Park (2012) found a significant positive relationship between health status 

and the perceived threat of ill health. The present study supported this, finding a significant 

positive relationship between health status and perceived susceptibility, suggesting that 

people held accurate perceptions about their own personal risk of T2D. However, a 

significant negative relationship was found between health status and perceived seriousness, 

suggesting that people at greater risk underestimated the seriousness of T2D. Antwi et al. 

(2020) also reported an underestimation of perceived seriousness among college students 

with a family history of T2D, while Kowall et al. (2017) found that people at risk strongly 

underestimated the probability of developing diabetes. This could be due to optimistic bias, 

which can occur when people perceive their risk to be controllable (Weinstein, 1982). The 

relatively young, educated participants in the present study may have believed that they, 

despite being susceptible to T2D, can avoid its deleterious effects. Educating people on the 

risk factors and outcomes for T2D, and encouraging regular health checks with T2D risk 

screening, may generate greater T2D awareness. 

 Although not hypothesised, subjective norm was a significant positive predictor of 

both perceived seriousness and perceived susceptibility, outperforming health status as a 

predictor of these two factors. In the HBM (Rosenstock, 1974), peer and reference group 
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pressure are linked with perceived seriousness and perceived susceptibility. As subjective 

norms reflected the advice from trusted others to eat healthier and be more physically active, 

its association with perceived seriousness and perceived susceptibility is understandable if 

this advice was given in the context of T2D prevention. Given the predictive strength of 

subjective norms, further qualitative exploration could unpack this factor to determine the 

source (e.g., friend, family, or healthcare professional) and content of the advice received. 

This knowledge could inform future communication strategies to improve the public’s 

understanding of T2D. 

4.7.2. Predicting Perceived Usefulness 

 Seven factors were hypothesised to have positive associations with perceived 

usefulness. Four were supported, with perceived ease of use, eHealth readiness, perceived 

susceptibility, and image (perceived social status enhancement through technology use) each 

significant predictors. This suggests that people may perceive a digital DPP to be useful if 

they feel susceptible to developing T2D, are ready to use digital health technologies whilst 

believing they enhance status, and/or view the programme as simple to navigate. 

 These findings support those of previous studies. First, Yan and Or (2019) found a 

significant positive association between the perceived usefulness and ease of use of a self-

monitoring system for patients with T2D. Second, Both Kim and Park (2012) and Tao et al. 

(2020) found significant positive associations between technology self-efficacy and the 

perceived usefulness of health technologies. Third, Kim and Park (2012) found a significant 

positive association between perceived threat and the perceived usefulness of health 

technologies. Finally, Rosales et al. (2017) found social status enhancement to be a 

motivating factor for older adults to use health technologies. 

 Contrary to expectations, perceived seriousness did not directly influence perceived 

usefulness. However, if participants downplayed the seriousness of T2D, it is reasonable to 

suggest they would not view the programme as useful. Also unexpected was the lack of 

influence of subjective norm over perceived usefulness. This opposes the finding of Yan and 

Or (2019) who found subjective norm to significantly predict the perceived usefulness of a 

self-monitoring system for patients with T2D. However, the present study did find a 

significant indirect positive relationship between subjective norm and perceived usefulness 

when mediated by perceived susceptibility, suggesting that, if advised to improve their health 
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behaviours, one may not perceive a digital DPP as useful unless they feel susceptible to 

developing T2D. 

 An unexpected significant negative association was found between communicative 

eHealth literacy and perceived usefulness, suggesting that people with greater confidence 

discussing health issues with others online actually perceived the digital DPP as less useful. 

This could be due to privacy and security concerns as people with greater communicative 

eHealth literacy may be hyper-vigilant to the potential risks of sharing health information 

online. Through qualitative interviews, Lee at al. (2019) found that participants of a T2D 

management intervention had concerns about sharing health information online. The 

brochure in the current survey was succinct, lacking the privacy statements participants 

would receive upon referral to the programme. Additionally, some people may happily 

communicate with friends and family online, but do not wish to engage with other 

participants. A digital DPP may be more appealing if privacy measures are clear, or if 

participants can choose to opt out of peer-to-peer communication. Further qualitative research 

could investigate people’s extended views of the programme’s online social networks. 

4.7.3. Predicting Perceived Ease of Use 

 All three eHealth literacy factors were hypothesised to positively predict perceived 

ease of use. As expected, significant positive associations were found between both eHealth 

readiness, communicative eHealth literacy, and perceived ease of use. This suggests that 

those who were ready to engage with health technologies and confident in discussing health 

issues online were more likely to perceive the digital DPP as easy to use. Both Kim and Park 

(2012) and Tao et al. (2020) found significant positive associations between health 

technology self-efficacy and the perceived ease of use of health technologies. In the present 

study, the hypothesised relationship between general eHealth literacy and perceived ease of 

use was not significant. This implies that one’s ability to find, evaluate, and apply electronic 

health information did not influence the programme’s perceived usability. This study used the 

eHEALS (Norman & Skinner, 2006a) to measure general eHealth literacy as it is the most 

widely used eHealth literacy scale. However, it has been criticised for not capturing the 

dynamic, social nature of eHealth (Paige et al., 2018). As digital DPPs contain many 

interactive features (Van Rhoon et al., 2020), general eHealth literacy may not sufficiently 

boost one’s confidence in navigating complex digital health interventions. 
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4.7.4. Predicting Intention 

 As expected, a significant positive association was found between perceived 

usefulness and intention. Moreover, it was the strongest direct predictor of intention, 

suggesting that acceptability may be maximised if the programme’s usefulness is well 

established. Contrary to expectations, the positive association between perceived ease of use 

and intention was not significant. However, when mediated by perceived usefulness, 

perceived ease of use and intention had a significant indirect positive relationship, suggesting 

that people may not intend to use the programme on ease of use alone. Rather, they must first 

believe that ease of use is a prerequisite for usefulness. A meta-analysis of the acceptance of 

consumer-oriented health technologies found perceived usefulness and ease of use to be 

significant predictors of intention, and perceived usefulness was the stronger predictor (ꞵ = 

.41 vs. .21; Tao et al., 2020). 

 Although not hypothesised, a direct significant positive relationship was found 

between perceived susceptibility and intention, suggesting that if people believe themselves 

susceptible to developing T2D, they may intend to use the programme without evaluating it 

beforehand. Sun et al. (2013) also found a significant direct relationship between perceived 

vulnerability to ill health and the intention to use mobile health services. Based on these 

findings, T2D screening should be widely facilitated as it could encourage more individuals 

to learn of their susceptibility, potentially increasing the number of at-risk individuals who 

intend to use a digital DPP. 

4.7.5. Strengths and Limitations 

 To our knowledge, this is the first study to test an extended health technology 

acceptance model to assess digital DPP acceptability. The present model included objective 

and subjective health factors, social influence factors that captured health behaviours and 

technology beliefs, and multiple eHealth literacy measures−all relevant to T2D and the skills 

required to navigate modern digital health interventions. Future studies could extend the 

model to assess actual uptake or test the acceptability of other digital health interventions. 

The present study has some limitations. First, the sample contained a large proportion 

of low-risk individuals and were relatively young, with an average age of 36 years−lower 

than the 45 years at which, according to the FINDRISC (Lindström & Tuomilehto, 2003), 

T2D risk significantly increases. As the sample was self-selecting, people interested in digital 

health may have been more motivated to participate. This could have contributed to the 
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sample’s relatively low average age. Despite this limitation, early-onset adult T2D is 

increasingly prevalent, with adults age 18 to 39 alone representing up to 20% of all global 

adult T2D cases (Sargeant et al., 2020). Furthermore, a study found that over five-year 

follow-up, people diagnosed with T2D under the age of 40 had the highest excess relative 

risk of mortality and adverse cardiovascular outcomes compared with people over 40 (Sattar 

et al., 2019). Therefore, T2D prevention is also very important for younger adults. Second, 

while the FINDRISC is widely used, laboratory blood tests remain the gold standard in T2D 

risk assessment (American Diabetes Association, 2018). Some national programmes such as 

the NHS DPP require blood glucose tests to determine one’s eligibility to enrol (Hawkes et 

al., 2020). As blood tests were not feasible for the current study, the number of participants 

eligible for a DPP using the same criteria is unknown. Finally, recruitment avenues were 

limited due to the COVID-19 pandemic. Online-only recruitment obtained a well-educated, 

predominantly white, female sample, so results may not be generalisable to other populations. 

Future studies should examine socio-economically diverse groups. 

4.7.6. Conclusion 

 This study developed and tested a digital health acceptability model to predict the 

intention of adults living in Ireland to use a digital DPP. Collectively, the personal health, 

social influence, eHealth literacy, and intervention factors predicted programme use 

intentions to a relatively large degree. Providing education on T2D risk factors and outcomes 

may improve the public’s understanding of the condition, and widespread screening practices 

may increase risk awareness, potentially increasing the number of willing programme users. 

To further assess the model’s reliability, future studies could test it with other digital DPPs 

and people at higher risk of developing T2D, including older adults. Additionally, qualitative 

research may uncover perceptions of online social networking, and facilitate a deeper 

understanding of the nature of social influence. Such knowledge would assist developers in 

tailoring the programme’s content and communication strategies to broaden the programme’s 

appeal. Offering eHealth readiness training and support, such as how to use apps and 

wearables, could improve digital health uptake nationally. Digital DPPs can be cost effective 

interventions that encourage healthy lifestyle behaviours, potentially improving population 

health by reducing the risk and incidence of T2D. The present findings may not only inform 

strategies to maximise uptake of a digital DPP but inform the development of digital health 

solutions in general. 
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Analysis 
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5.1. Abstract 

Objective: Digital diabetes prevention programmes (DPPs) may slow the escalating trend of 

type 2 diabetes mellitus (T2DM) incidence by empowering people to improve their dietary 

and physical activity behaviours. However, generating user engagement can be challenging. 

This study explored the views and experiences of adults at risk of T2DM regarding factors 

impacting the acceptability of a digital DPP, including their health status, social influence, 

health technology use, health behaviours, and perceptions of a smartphone based digital DPP. 

Design: Semi-structured interviews of 17 adults (Mage = 50 years) were analysed using 

deductive and inductive qualitative content analysis. 

Results: Descriptive themes regarding personal health, social influence, eHealth literacy, 

healthy eating, physical activity, and perceived usefulness plus ease of use of a digital DPP 

were identified. Health technologies, programme features, and interactions with friends and 

health professionals concerning their health behaviours were viewed by participants as both 

favourable and unfavourable, potentially affecting digital DPP acceptability. However, the 

desire for a tailored programme was a common thread. 

Conclusion: Peoples’ experiences, needs, and motivations that affect digital DPP 

acceptability are diverse. Digital DPPs or similar digital health interventions should be 

tailored in both content and communication strategies to maximise user engagement and 

potential effectiveness. 

5.2. Introduction 

 Diabetes is a chronic health condition that can significantly impact the health and 

wellbeing of individuals and societies worldwide, and is among the top 10 causes of death in 

adults (Saeedi et al., 2019). In Ireland, Type 2 diabetes mellitus (T2DM), which represents 
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90% of all diabetes cases, affected approximately 216,000, or 9.2% of people over 40 years 

of age in 2020, and is projected to affect 414,000 people over age 40 by the year 2036 (Pierse 

et al., 2021; Saeedi et al., 2019). Landmark diabetes prevention trials have demonstrated that 

the condition can be prevented, and systematic reviews and meta-analyses found that T2DM 

prevention interventions, when delivered in routine practice, achieved relative risk reductions 

in T2DM incidence of almost 30% (Cefalu et al., 2016; Valabhji et al., 2020). 

There are plans to develop a pilot diabetes prevention programme (DPP) in Ireland 

(Pierse et al., 2021), and evidence from established programmes could shape its development. 

In 2016, National Health Service (NHS) England launched the NHS-DPP, a lifestyle 

intervention for adults at risk of developing T2DM (Hawkes et al., 2020). The programme 

delivers 13 face-to-face group-based sessions over nine months by trained educators, aiming 

to reduce T2DM risk by empowering participants to improve their diet and increase physical 

activity whilst promoting weight loss, weight maintenance, and/or reductions in blood 

glucose (Valabhji et al., 2020). Results are encouraging, but attendance has been low (Barron 

et al., 2018; Valabhji et al., 2020). This limited engagement was also observed in the United 

States National Diabetes Prevention Program (US NDPP; Ali et al., 2019). Barriers to 

participant attendance in both programmes included inflexible scheduling, geographical 

distance, and under-equipped venues (Halley et al., 2020; Hawkes et al., 2020). 

 Following a move by the US NDPP to offer remote participation via computer or 

smartphone (Castro Sweet et al., 2018), NHS England launched a digital stream of the NHS-

DPP to overcome the challenges of face-to-face delivery, and improve cost-effectiveness 

(Murray et al., 2019). Such digital adaptations are timely as the COVID-19 pandemic has 

generated a surge in digital health adoption within healthcare systems worldwide (Petracca et 

al., 2020). As Ireland considers its own face-to-face DPP, the parallel implementation of a 

digital programme could reach more people at risk of T2DM. Recent evidence supports a 

digital programme’s success potential, as digital DPP participants have achieved clinically 

significant weight loss and reductions in blood glucose through online health coaching, peer 

support, and diet plus physical activity self-monitoring (Bian et al., 2017; Van Rhoon et al., 

2020). However, while online delivery addresses the attendance barriers of face-to-face 

programmes, digital health interventions have unique user engagement challenges that could 

limit the impact of a digital DPP (Murray et al., 2019). By consulting intended users in the 

early development phase, researchers could assess a digital health programme’s acceptability, 

and engagement potential (Nadal et al., 2020). This could facilitate the user-centred design 
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process, leading to the creation of more engaging and effective interventions (Perski & Short, 

2021).  

In a recent study, we developed and tested a digital health acceptability model to 

explain the intention of adults living in Ireland to use a digital DPP (Van Rhoon et al., 2021). 

This model, which was based on models of technology acceptance, eHealth literacy and 

health beliefs, explained 65% of the variance in participants’ intention to use the digital DPP. 

Furthermore, factors pertaining to personal health, social influence, and eHealth literacy each 

had significant impact on digital DPP use intentions. However, the quantitative study design 

precluded a deeper understanding as to how and why these factors affected programme 

acceptability. To elaborate on this acceptability model, the present study aimed to explore the 

extended views and experiences of adults at risk of T2DM on the factors affecting digital 

DPP acceptability. This included their understanding of the condition, experiences with social 

influence on health behaviours, views on health technologies, and barriers and facilitators to 

healthy eating and physical activity. These findings could inform the development of future 

digital DPPs or other digital health interventions by providing guidance on how these 

programmes can be tailored to suit intended users. Tailored digital health interventions often 

perform significantly better than non-tailored interventions at improving health behaviours, 

and promoting user engagement (Lustria et al., 2013; Ryan et al., 2019). 

5.2.1. Extended Framework for Digital DPP Acceptability 

 Building on our model of digital health acceptability (see Van Rhoon et al., 2021), an 

extended framework (see Figure 5.1) was developed to facilitate qualitative exploration. For 

example, barriers and facilitators to healthy eating and physical activity were included in the 

framework as these behaviours are the cornerstones of T2DM prevention (Alberti et al., 

2007). The framework contains six clusters of factors relevant to digital DPP acceptability 

(see Table 5.1). Personal health factors represent participants’ knowledge and understanding 

of T2DM, and how they view the condition in relation to their own health and wellbeing. 

Social influence factors capture situations where participants experience social influence 

(e.g., from family, friends, health professionals) over their eating behaviours, physical 

activity, and health technology use. eHealth literacy factors represent participants’ self-

perceived aptitude towards, and confidence in using health technologies (e.g., smartphone 

applications, wearable devices) and captures their user experiences. Health behaviour factors 

represent conditions where participants find it both challenging and simple to engage in 

healthy eating and regular physical activity. Intervention factors capture participants’ views 
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and perceptions of a digital DPP’s usefulness, ease of use, and their intention to use it. 

Feedback factors suggest that all aforementioned factors influence participants’ opinions 

regarding the features they would like to see in a digital DPP, and that incorporating such 

features could increase their intention of using the programme.  

    

Figure 5.1 

Extended Framework for Digital DPP Acceptability 

 

Note. Dark shaded boxes enclose the present study topics. Boxes with broken outlines 

represent precursor factors from (Van Rhoon et al., 2021). Arrows represent directions of 

influence. Adapted from “Development and testing of a digital health acceptability model to 

explain the intention to use a digital diabetes prevention programme,” by Van Rhoon et al., 

2021, British Journal of Health Psychology, page 11, Figure 2 

(https://doi.org/ 10.1111/bjhp.12569). CC BY 4.0. 
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Table 5.1 

Factors of the Extended Framework for Digital DPP Acceptability 

Factor cluster 

Factor  
Descriptive definition 

Personal health factors 
 

 

Knowledge of T2DM Participants’ knowledge and understanding of T2DM as a condition. 
 

Perceived threat of 

T2DM 

Participants’ perceptions regarding the seriousness of T2DM and their 

susceptibility to developing it. 
 

Social influence factors 
 

 

Social influence on 

health behaviours 

Participants’ experiences with social influence, advice, or pressure to change 

their health behaviours. 
  

Social influence on 

health technology use 

Participants’ experiences with social influence over their views of, and desire 

to use health technologies. 
 

eHealth literacy factors 
 

 

eHealth readiness Participants’ views and experiences regarding their own use of health 

technologies. 
 

Communicative 

eHealth literacy 

Participants’ views and experiences regarding the use of technology to 

communicate with others on health-related matters. 
 

Health behaviour factors 
 

 

Barriers to healthy 

eating 

Factors that participants’ feel make it harder to eat healthily. 
 

Facilitators to healthy 

eating 

Factors that participants’ feel make it easier to eat healthily. 
 

Barriers to physical 

activity 

Factors that participants’ feel make it harder for them to remain physically 

active. 
 

Facilitators to physical 

activity 

Factors that participants’ feel make it easier for them to remain physically 

active 

Intervention factors  

Perceived usefulness Participants’ views of the usefulness of the digital DPP in preventing T2DM, 

and/or improving diet and physical activity. 

Perceived ease of use Participants’ views of the ease to which the programme and its technologies 

are to navigate. 

Intention to use the 

digital DPP 

Participants’ discussion on why they would or would not use the digital DPP.  

 

Feedback factors  

Desired features for 

the digital DPP 

Features participants would like to see included in a digital DPP. 
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5.3. Materials and Methods 

This study was guided by the consolidated criteria for reporting qualitative research 

(COREQ) checklist (Tong et al., 2007; Appendix L), and was approved by the National 

University of Ireland, Galway Research Ethics Committee (reference number: 20-Apr-15). 

5.3.1. Participants 

 Participants were recruited through our previous study (Van Rhoon et al., 2021), 

where English-speaking adults aged ≥18 years living in Ireland (with no previous type 1 or 

T2DM diagnosis) were recruited online between October 2020 and April 2021 through press 

releases, social media, health and council organisations, and academic institutions, and asked 

to complete a 15-minute questionnaire on digital health and T2DM prevention. Upon 

completing the questionnaire, participants could express interest in participating in a 30-

minute follow-up interview. From the questionnaire responses, each participant’s Body Mass 

Index (BMI) and Finnish Diabetes Risk Score (FINDRISC; Lindström & Tuomilehto, 2003) 

was calculated to determine their eligibility to be interviewed.  

For the present study, questionnaire completers were eligible to participate if they 

registered either: (a) a BMI of ≥25, exceeding the healthy weight range; and/or (b) a 

FINDRISC score of ≥15, indicating ‘high risk’ for T2DM. The recruitment flowchart is 

presented in Appendix P. Fifty-two females and 11 males expressed interest in being 

interviewed. A stratified sampling approach was used to recruit a comparable number of 

participants by gender, age, BMI, and FINDRISC category. Twenty-six females and all 11 

males were contacted on a rolling basis, with 17 females and no males agreeing to an 

interview. 

5.3.2. Interviews 

 After providing informed consent, participants were emailed a colour brochure (see 

Appendix K), and links to two videos of three-minutes in length, all showcasing one of the 

smartphone-based digital DPPs featured in the NHS digital DPP pilot (Murray et al., 2019). 

Participants were asked to view these materials before attending the interview. Interviews ran 

between February and March 2021 in Ireland when COVID-19 ‘lockdown’ restrictions were 

in effect. All interviews were conducted via video call in a semi-structured format by LV and 

audio recorded. The interview guide (see Appendix R) was developed to facilitate discussion 

on each factor of the extended framework for digital DPP acceptability. Interviews ran for 22 

to 45 minutes (mean duration = 33 minutes), and each participant received a €20 gift card. 
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Audio files were imported into QSR International’s (2021) NVivo software (released in 

March 2020), and transcribed by LV for analysis. Field notes were taken by LV throughout 

the interview and analysis process to record context-sensitive information and facilitate 

reflexivity, a process in which the researcher reflects on their values, preconceptions, or 

behaviours that could affect data interpretation (Parahoo, 2006).  

5.3.3. Data Analysis 

Data were analysed using deductive and inductive qualitative content analysis as 

described by Elo and Kyngäs (2008) and, Hsieh and Shannon (2005). The analyses were 

performed by two researchers. First, LV, is a male with a master’s degree in health 

psychology and has extensive experience developing and delivering nutrition and physical 

activity interventions. Second, CT, is a female with a master’s degree in psychology and has 

extensive experience in cognitive psychology and decision making.  

5.3.3.1. Deductive Content Analysis. First, LV and CT reviewed all audio recordings 

and transcripts to ensure data familiarity. Next, transcribed interviews were deductively 

analysed in line with the extended framework. Six structured categorisation matrices (see Elo 

& Kyngäs, 2008) were developed to match the framework’s six factor clusters. Each matrix 

contained one or more categories, with each category representing a factor of the framework 

(e.g., the personal health factor matrix contained the categories of knowledge of T2DM and 

perceived threat of T2DM), while some also contained sub-categories (e.g., the heathy eating 

category contained the sub-categories barriers to healthy eating, and facilitators to healthy 

eating). Coding was conducted by LV where each section of text was coded to a category or 

sub-category. Finally, all coding was reviewed by CT, and the categorisation matrices revised 

by both researchers through discussion. A summary of the deductive content analysis process, 

including final categorisation matrices and example codes, is presented in Appendix AJ. 

5.3.3.2. Inductive Content Analysis. The aim of this inductive process (conducted 

independently by LV and CT) was to develop themes to elaborate on patterns of experiences 

and views within the categories identified during deductive analysis. First, all codes were 

reviewed and verified. Second, the coded text was used to guide the development of themes 

and sub-themes under each category or sub-category. Finally, all themes were reviewed 

independently against the coded text and, after discussion between researchers, refined where 

necessary. While the QCA literature often refers to these ‘code clusters’ as categories (Elo & 

Kyngäs, 2008; Hsieh & Shannon, 2005), they were called ‘themes’ here as the term 
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‘category’ was already used to represent factors of the extended framework. As the aim of 

this study was to explore the many factors of the extended framework at limited depth, 

descriptive themes (what participants were trying to say) were generated rather than themes 

of meaning (the underlying meaning of their stories). 

5.4. Results 

 The final sample consisted of 17 females (Table 5.2) with an average age of 50 years 

(range = 23-71 years). Of the 17 participants, 76% (n = 13) had a BMI of ≥25, and 71% (n = 

12) were at a high-to-very high risk of developing T2DM based on their FINDRISC score. 

 

Table 5.2 

Participant Characteristics 

Characteristic and Category n % 

Age in years   

18-29 1 5.88 

30-39 3 17.65 

40-49 4 23.53 

50-59 3 17.65 

60+ 6 35.29 

Ethnicity   

White Irish 15 88.24 

Any other white background 1 5.88 

Asian or Asian Irish 1 5.88 

Highest education obtained   

Postgraduate degree 8 47.06 

Undergraduate degree 7 41.18 

Technical or vocational 2 11.76 

 

Four additional sub-categories were identified via deductive analysis. Type of 

knowledge and source of knowledge were added under knowledge of T2DM. What is useful 

and what is not useful were added under perceived usefulness. Through inductive analysis, 

one-to-three themes were developed to elaborate on each factor. These themes (denoted by 

‘T’), each supported by one or more participant quotes, are presented below by category and 
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sub-category. Additional quotes are presented in Appendix AK. Themes were not generated 

for the category desired features for a digital DPP as a large range of features were outlined 

that varied across participants. Several of the most requested features are listed under the 

category heading below, and an exhaustive feature list is presented in Appendix AL. Figure 

5.2 presents an overview of the combined deductive/inductive analysis. 
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Figure 5.2 

Overview of the Categories and Themes Identified via Qualitative Content Analysis

 

Note: Categories/sub-categories represent factors of the extended framework. 

*Denotes sub-categories generated during deductive content analysis. 
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5.4.1. Knowledge of T2DM 

5.4.1.1. Type of Knowledge 

 5.4.1.1.1. T1: Precipitating Factors. Participants referenced many ‘lifestyle-related’ 

potential causes of T2DM, such as stress, limited physical activity, unhealthy food choice, 

alcohol consumption, and body weight. One participant questioned the term ‘lifestyle 

disease’ when used to describe T2DM, due to its potential to assign blame. 

It seems to be accepted that it is a lifestyle disease. That it can be managed by diet, 

by exercise, I suppose by reduction in stress. But…I do think we're missing out on 

something. I think there's something there that hasn't been investigated enough 

because a ‘lifestyle disease’ is a very easy label. I think there could be something 

genetic. (P3) 

5.4.1.1.2. T2: Potential Implications. Several participants described the negative 

physical effects of T2DM (e.g., eye, kidney damage), while some cited negative emotions 

such as guilt.  

You would feel guilty if you have it in the sense that you could have prevented it. It 

does lead to um, major problems with circulation, eyesight, different things. (P12) 

5.4.1.2. Source of Knowledge 

5.4.1.2.1. T1: Personal Research and Experience. Some participants learned 

of T2DM through their work in the health sector, while others conducted their own 

research through books, or online. 

Yeah, I've probably bought some books on it…there's diabetes.co.uk website with a 

very good forum, so I would've been looking at that. (P13) 

5.4.1.2.2. T2: Through the Media. Others received T2DM information through the 

media, namely newspaper articles, online news, and radio. 

There's a radio presenter. He has type 2 diabetes, so I've been listening to him over 

the last couple of years since he got his diagnosis, talking about it. (P14) 

5.4.2. Perceived Threat of T2DM 

5.4.2.1. T1: Acknowledging Own Risk. Most participants understood their own risk 

of developing T2DM. Some were informed by a health professional, while others noted a 
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family history of T2DM. Several participants also discussed a previous diagnosis of 

gestational diabetes. 

I know I'm a prime candidate for type 2 diabetes. Based on my lifestyle, weight, the 

fact I had it in pregnancy already so, it's in the family. It's a worry, yeah. (P7) 

5.4.2.2. T2: Taking Action to Prevent Diabetes. Some had taken steps to prevent 

T2DM by improving their health behaviours, in some cases, to avoid medication. 

I think it's a good thing that we can at least change our lifestyle, and we can adopt 

things. I know better. I am taking very little sugar intake. I try to watch 

carbohydrates. (P4) 

I really am not interested in taking medication so I just said to him [the GP]: ‘give me 

three months to see what I can do about reversing it’. And I reversed it back about 

three points. (P15) 

5.4.2.3. T3: People Lack Awareness. Participants noted a lack of awareness of the 

seriousness of T2DM, particularly among older adults. 

In Ireland it's something that's definitely not treated as a chronic disease…they don't 

believe diabetes to be the same extent to be as severe as say cancer… it's crazy 

basically…the way people understand diabetes, and they just don't seem to think that 

it's as debilitating as it can be…I feel like the younger people are more aware, 

whereas the older, they're more stuck in their ways. (P10) 

5.4.3. Social Influence on Health Behaviours 

5.4.3.1. T1: Interactions with Health Personnel. Participants had been advised by 

GPs, dietitians, and other health personnel to make dietary and physical activity 

improvements and/or lose weight. Some were happy with these interactions. 

I was sent to a dietitian, and she said, ‘you work hard…we will educate your stomach 

so that you will never have a difficulty with weight again’. So, she taught me so 

beautifully. It was so humane to reduce what I was eating and improve the quality of 

what I was leaving on my plate. (P3) 

However, many described a lack of support and understanding, and in some cases, 

weight stigma. 
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But no other information [on T2DM] anywhere really…we get like a health 

screening maybe once a year or something, and then they give about your 

weight…well, that's it. That's all, they just give out to you for it. (P7) 

I think you're kind of on your own you know…‘cause they [GPs] don't even want to 

see you…you're not going to be annoying them by going in and saying oh, you know, 

‘can you weigh me?’ (P12) 

One participant felt GPs would be opposed to receiving digital DPP data. 

Share it with your doctor? Ha! To get lacerated? And it thrown in your face? I'd love 

to meet the doctor who would welcome you using something like that [a digital 

DPP]. They're very far back with it. (P3) 

5.4.3.2. T2: Influence from Family Members. Several participants were given 

unsolicited and/or unwanted advice by family members to improve their diet and physical 

activity levels. 

They wouldn’t comment on my weight…but it's more like if you really want to be 

healthy you shouldn't be working so much or you should go out or, it's yeah, the 

specifics would be, ‘you should take more exercise.’ (P8) 

5.4.4. Social Influence on eHealth Use 

5.4.4.1. T1: Exposure via Family or Friends. Most participants received 

information about health technologies from family and friends. Some adopted these 

technologies. . . 

All of my family have them now, they're all going on about them…people like to 

have something else to focus on and be like: ‘oh look I did 12,000 steps today’…I 

have the health app that Samsung have on the phone, so I'd use that every now and 

again. (P14) 

. . .while others had no interest in using them. 

I do have a friend and to me she became obsessive [counting steps] and, no I 

wouldn't definitely like to do that. (P17) 

5.4.5. eHealth Readiness 

5.4.5.1. T1: Security and Privacy Concerns. Regardless of whether participants 

endorsed health technologies, data protection was a concern for some.  
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I'm very cagey. I will not sign into any health app on my phone that monitors my 

health because I do not trust the health insurance companies…I have no doubt they 

would either pay so well, they would get the information, or they would hack so well. 

(P3) 

5.4.5.2. T2: Why eHealth Did Not Work. Some initial adopters stopped using health 

technologies (e.g., smartwatch) due to lack of interest in learning the device’s full capability, 

or after experiencing discomfort. 

I had a Fitbit, I gave it away. I was using just the bare minimum. It had a lot more 

capability, but I didn't give myself enough time to educate myself how to use it. (P1) 

The watch actually doesn't suit me at the minute, I'm allergic to the strap. (P7) 

Others felt these technologies generated negative ‘obsessions’. 

I had a Fitbit there a couple of years ago, but I stopped wearing it ‘cause I got 

obsessed with looking at how much sleep I was getting, and I nearly felt tired if I 

didn’t. (P6) 

5.4.5.3. T3: Why eHealth Does Work. Participants who stated they often used health 

technologies praised the benefits. Self-monitoring of eating and exercise behaviours 

facilitated motivation and accountability, while online classes and consultations enabled 

social support.  

I used MyFitnessPal the most and yeah, I found it very good ‘cause you were able to 

track your food according to the brand and everything and right down to the small 

details. Things like that open up your eyes to what you’re actually eating…it was 

very motivating to be able to just see where you're at in your day and what you're 

allowed and what you're not allowed more or less. (P10) 

She's a Slimming World consultant. She runs the Zoom call and then the rest of the 

participants during the week, and they talk to you then about how you got on that 

week…But the Zoom calls, they are good, it's nearly like a shared community. (P7) 

5.4.6. Communicative eHealth Literacy 

5.4.6.1. T1: Information Exchange. When communicating with others online 

regarding health-related matters, participants shared advice through video calls or online 

discussion groups. 
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There was a Keto group…I joined that group also, so because of these two groups on 

Facebook I got a lot of ideas for making food like, what can be in my lunch, what can 

be in my dinner. (P4) 

5.4.6.2. T2: Keeping a Low Profile. However, some preferred not to interact online, 

using these forums as a learning platform only, to avoid social judgement. 

Very seldom I would ever ask a question…or they're going to think, ‘oh she knows it 

all, so like she's had one child, and all of a sudden she's like, quite 

extraordinary’…That would be good, to be able to view the information but not 

necessarily be under pressure to post. (P16) 

5.4.7. Healthy Eating 

5.4.7.1. Barriers to Healthy Eating 

5.4.7.1.1. T1: Cravings and Comfort Eating. Participants cited cravings, or 

‘addiction’ to chocolate and/or sugar as challenges. Some consumed these foods to achieve 

comfort.  

That's just…the snacking and treats and chocolate and stuff…it's comfort eating and I 

don't, I haven't managed to grapple with that yet. (P8) 

5.4.7.1.2. T2: Mixed Messages. Others felt bewildered by contradictory nutritional 

advice and were unsure of what they should be eating. 

Trying to follow the pyramid, and I was eating more potatoes so I wouldn't be 

looking for biscuits afterwards and then somebody said to me, ‘well potatoes are 

actually quite high in carbs’, so I stopped eating potatoes. (P2) 

5.4.7.1.3. T3: High Cost of Healthy Foods. A few were unhappy that healthy foods 

were relatively more expensive than less healthy options, and thus less accessible. 

Well, the cost of food…it's extortionate. I've made a conscious decision to try and eat 

what's in season, and I'd just buy the veg that is on special offer…I stopped buying 

strawberries and raspberries. (P16) 
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5.4.7.2. Facilitators to Healthy Eating 

5.4.7.2.1. T1: Being Proactive. Participants felt that diet planning, pre-preparing 

meals, and organising shopping trips around healthy eating helped them to maintain a 

balanced diet.  

I've been trying to kind of batch cook things and have things constantly on standby as 

opposed to reaching out for whatever's there or ordering a takeaway. (P10) 

I've been trying to do a shop once a week…and then there's a local fruit and 

vegetable guy, so instead of going into the supermarket again, just having plenty of 

fruit and vegetables. (P14) 

5.4.7.2.2. T2: Knowledge is Key. Some suggested that possessing good nutritional 

knowledge was the key to healthy eating. 

My background, I'm actually a dairy scientist…so I have a good understanding of the 

composition of foods, and we eat a reasonably healthy diet. (P2) 

5.4.8. Physical Activity 

5.4.8.1. Barriers to Physical Activity 

5.4.8.1.1. T1: Limited Opportunity. Some participants felt they had little opportunity 

to be physically active, due to work and family commitments, poor weather, and/or 

‘lockdown’ restrictions. 

I'm home schooling at the moment. I'm working, running a house. I try and get out at 

least two or three times a week for about an hour, but then the weather's bad…so it's 

not good. (P7) 

I am trying to adopt healthy lifestyle but it's very hard with this lockdown, and it's 

affected a lot because we are unable to do gym anymore. (P4) 

5.4.8.1.2. T2: Physical Discomfort. Some wanted to be more active, but experienced 

pain or discomfort during or after exercise. 

I have really bad arthritis in both my knees, and it's quite painful sometimes to walk 

as I used to get gel injections. (P15) 

5.4.8.1.3. T3: Lacking Interest or Motivation. A number or participants felt they 

lacked interest in, or motivation to complete physical activity despite having the opportunity. 
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I did start walking more over the spring and the summer even a bit into the autumn, 

but that has stopped recently, ‘cause it's, I don't want to be part of that world [walking 

for leisure]. (P9) 

5.4.8.2. Facilitators to Physical Activity 

5.4.8.2.1. T1: Having Social Support. Participants found it easier to exercise with 

friends as it facilitated social interaction, particularly with social opportunities restricted.  

I’ve a close-knit group of friends around me, so we meet up and go for walks because 

that seems to be the only thing we can do at the moment…It became the new coffee, 

the new night out…where you’d be walking, and chatting, and catching up. (P6) 

5.4.8.2.2. T2: Being Outdoors. Some participants liked to be active outside, 

particularly after being indoors for long periods due to lockdown. 

I like the fresh air…it’s easier to go out on a fine day rather than when it’s a cold 

day…I suppose one thing with this pandemic is that you’re dying to get out for your 

walk in a day. (P6) 

5.4.8.2.3. T3: Keeping to a Routine. Participants who felt challenged by the 

lockdown and loss of routine found that establishing a new routine with regular scheduled 

exercise kept them active.  

I spent most of the pandemic trying to get into a routine of doing yoga, so probably 

what made the difference there was fixing a time of day where nothing else was 

going to happen. (P13) 

5.4.9. Perceived Usefulness 

5.4.9.1. What is useful 

5.4.9.1.1. T1: Health Coach Support. Participants liked the idea of having regular 

contact with a health coach who would offer credible information and personalised guidance.  

I thought the coaching side of it is good…I suppose if you had questions on different 

things. Like instead of googling and guessing, that you could actually put it out there 

and ask someone who’s going to give you an answer back that’s evidence-based, and 

it’s accurate. (P6) 
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5.4.9.1.2. T2: Support from Other Participants. Some liked the idea of an online 

social network, viewing this as a platform to organise social walks and share advice. 

There seems to be a lot of support from different sides. If there was people in your 

area that also had the app, that you could link in with people you can go for a walk 

with. (P14) 

Accountability…and there's a chat room and there's sharing, you're actually not alone 

and don't feel it's just me. Or just to chat with somebody having the same problems 

and talk through with you. (P17) 

5.4.9.1.3. T3: Keeping Track. The self-monitoring aspect was praised as it 

encourages accountability and offers visual progress reports. 

Tracking the food I think is a good idea actually…I think it's a reminder, it's your 

conscience almost, so I think that I've never done it, but I actually think that could be 

a very good idea. (P17) 

5.4.9.2. What is Not Useful 

5.4.9.2.1. T1: Social Interaction. Some participants had a negative view of the online 

social network, mostly due to the desire for privacy. 

I would hate the part of meeting other people to talk about it. It just reminds me of an 

AA meeting. That for me that wouldn't work at all, I'd hate it. I'd feel uncomfortable 

about it and talking to people I don't know about my health. (P8) 

5.4.9.2.2. T2: Accessibility Concerns. Others questioned the programme’s 

accessibility, due to insufficient broadband coverage, or the perception that older adults 

would have difficulty accessing and using the technologies. 

I definitely think accessibility would be a major issue for rural parts of the country and the 

older generation. Yeah, so even just having a smartphone, but definitely broadband 

connections. (P10) 

I think older generations…my parents they, well I suppose they wouldn’t be very tech savvy. 

I don’t think an app like that would be good for them because they just wouldn’t manage it. 

(P6) 
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5.4.10. Perceived Ease of Use 

5.4.10.1. T1: User Friendly. Participants generally perceived the programme to be 

easy to use or learn. However, without hands-on experience, there was little elaboration on 

this. 

I thought it looked to be laid out very well and very clear and quite user friendly…it 

did look like it was really user friendly and really easy to use. (P16) 

5.4.11. Intention to Use the Digital DPP 

5.4.11.1. T1: Willing to Try. Participants would not unequivocally endorse the 

programme without hands-on experience, but some would be happy to try it. 

I think so, I'd have to give it a go and see but from looking at it initially, yeah it's 

inviting…something I'd try, but again I'd have to see as I said I might lose interest 

after a while, but initially yeah it looks good. (P7) 

5.4.11.2. T2: If it Came Physician Recommended. Others would likely use it if it 

was recommended by a GP. 

I think if it was something a doctor was recommending to me then I probably would. 

I would probably take it on face value that it was a legitimate thing. (P11) 

5.4.12. Desired Features of the Digital DPP 

 Participants discussed a unique range of desired features, including blood glucose 

monitoring, sound evidence base, medical record compatibility, online exercise classes, 

reminders and prompts, and gamification. However, the most common request was for the 

programme to be tailored to their needs, at the individual level (e.g., personalised goals), 

and/or group level (e.g., meeting participants with similar interests). 

I'm always caught between whether you should be very prescriptive in these things, 

or should be tailored to suit the person's need, and I think it has to be tailored. I don't 

think something very prescriptive would work for me. (P8) 

That it’s enjoyable I suppose that, you know, it's not about what you can't have or 

can't do or whatever, that it's you're linking in with people who have the same 

motivation as you. (P14) 
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5.5. Discussion 

 This study investigated factors relevant to the acceptability of a digital DPP through 

the lens of 17 women living in Ireland at risk of developing T2DM. Through semi-structured 

interviews we explored their experiences with social influence regarding health behaviours 

and technology use, barriers and facilitators to healthy eating and physical activity, and 

perceptions regarding the usefulness and usability of a digital DPP, plus its most desired 

features. These perspectives could shape the content and communication strategies of future 

digital DPPs, potentially maximising user engagement. After deductively organising coded 

text from the interview transcripts, we used inductive content analysis to develop themes for 

each factor within the six factor clusters (personal health, social influence, eHealth literacy, 

health behaviour, intervention, and feedback) of the extended framework. 

5.5.1 Personal Health Factors 

Participants understood their risk of developing T2DM and were knowledgeable 

regarding the condition’s aetiology and implications. Such knowledge may increase one’s 

capability or motivation to engage in preventive health measures (Pelullo et al., 2019), which 

could increase the acceptability of a digital DPP as the programme facilitates such efforts. 

Most participants felt that T2DM can be prevented by improving diet and physical activity, 

and some had already made such changes. However, the term ‘lifestyle disease’ was 

criticised for its potential to assign blame to those who develop the condition. There were 

also concerns that developing T2DM would elicit guilt for not taking preventive action 

sooner. Such guilt is not uncommon in those who develop preventable conditions that 

manifest through deleterious health behaviours (Lindqvist & Hallberg, 2010). When 

promoting a digital DPP, care should be taken with communication strategies so that 

prospective users perceive the intervention as empowering, rather than judgemental. 

Participants cited a lack of awareness regarding the seriousness of T2DM, particularly among 

older adults. Our previous study found an unexpected negative association between objective 

risk for developing T2DM, and perceived seriousness of the condition (Van Rhoon et al., 

2021). As FINDRISC scores automatically increase with age, this negative association could 

be due to the age-awareness link suggested by participants. Supporting this, previous research 

suggests that health literacy levels of older adults (from age 55) is generally lower than that 

of younger adults (Manafo & Wong, 2012). 
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5.5.2. Social Influence Factors 

 Participants were exposed to health technologies through family and/or friends. Some 

subsequently adopted a device, but for others, this exposure had the opposite effect (e.g., after 

witnessing a friend’s self-tracking ‘obsession’). It is possible that socially driven health 

technology exposure may deter adoption if the prospective user perceives the technology to 

produce undesired behaviours. The diet and physical activity advice participants received 

from family members was often unsolicited and seemingly unwelcome. However, 

participants did seek advice online through social media groups such as Facebook, and video 

coaching sessions, suggesting that some were already engaging in the types of services that 

are offered through a digital DPP. Discussions with health professionals regarding T2DM 

focused on improving eating and exercise behaviours, which could explain the strong positive 

association between perceived social influence on these behaviours and the perceived threat 

of T2DM in our previous study (Van Rhoon et al., 2021). However, many participants were 

unhappy with the lack of knowledge and support from health professionals, citing a lack of 

empathy and understanding regarding their body weight and physical limitations. This 

supports a recent study which found an international prevalence in weight stigma by doctors. 

Patients who perceived this stigma reported less frequent listening and understanding from 

health professionals (Puhl et al., 2021). 

5.5.3. eHealth Literacy Factors 

 All participants were familiar with technology, using multiple devices to 

communicate with friends, family, or colleagues, and to access the internet. Regular health 

technology users praised the benefits of these technologies. Activity and diet self-monitoring 

via wearable devices or smartphone applications was deemed positive and motivating, 

enabling participants to set activity or macronutrient targets whilst tracking their progress. 

Some participants engaged with pre-recorded and live exercise classes via YouTube or Zoom 

respectively. Participants who abandoned health technologies did so for various reasons. 

These included lack of interest in utilising the technology’s full potential or developing 

contact dermatitis from a wearable device. Furthermore, several participants experienced 

unsettling ‘obsessions’ with self-monitoring. As was the case here, digital self-monitoring has 

been found to produce both positive and negative emotions (Orji et al., 2018). Although self-

monitoring is a key digital DPP feature (Van Rhoon et al., 2020), alternative behaviour 

change strategies could be prioritised when engaging with individuals averse to self-

monitoring. The concern for information privacy was a common thread, and although this did 
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not necessarily deter participants from using health technologies, there was concern over the 

data they were sharing, how it was obtained, and its intended use, such as the fear of 

insurance companies accessing private information without consent. It is therefore important 

that digital health interventions offer clear and concise data privacy statements, and/or allow 

users to opt out of sharing certain data. 

5.5.4. Health Behaviour Factors 

 Participants were more likely to engage in healthy eating behaviours when they were 

proactive with meal planning and shopping trips, possess the knowledge to select health-

promoting foods, and could ascertain a meal’s nutritional content. This ‘nutrition literacy’ has 

been positively associated with diet quality in previous research (Gibbs et al., 2018). Barriers 

to healthy eating included cravings and comfort eating, inconsistencies in nutritional 

recommendations, and the high cost of healthy foods. While these first two are addressed in 

digital DPPs, the latter represents a population-level issue outside the scope of individual 

intervention. It has therefore been recommended that population-wide strategies for diabetes 

prevention are implemented in tandem with individual-level approaches (Pierse et al., 2021). 

 COVID-19 restrictions featured prominently when discussing physical activity. A 

desire to be outside facilitated physical activity, while those who had adjusted to an exercise 

routine found it easier to exercise regularly. Furthermore, participants preferred exercising 

socially with friends. A systematic review found a positive association between social 

support specific to physical activity and adult physical activity levels (Smith et al., 2017). 

Barriers to physical activity included physical pain/discomfort, limited opportunity (e.g., poor 

weather, gym closures), and lack of interest or motivation. These three themes map to the 

components of the COM-B model developed by Michie and colleagues (2011), which 

suggests that, to remain physically active, one must possess the capability, opportunity, and 

motivation to perform regular physical activity. Online exercise classes could be a valuable 

addition to a digital DPP. However, given recent reports of limited uptake, particularly 

among less active individuals, future research is needed to determine how to tailor these 

classes for those who experience physical and/or motivational barriers (Füzéki et al., 2021). 

5.5.5. Intervention Factors 

 When asked their thoughts on the digital DPP, participants described the health 

coaching (which facilitated education and motivation), peer support (which promoted social 

interaction, shared activities, and advice), and self-monitoring (progress tracking and 
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accountability) as the most useful features. A recent systematic review of digital DPPs found 

that health coaching, social support, and activity tracking were the most effective features for 

promoting weight loss (Van Rhoon et al., 2020). These features could therefore be effective 

because they generate greater user engagement. When asked about undesirable aspects of the 

programme, peer support was also discussed, as some participants wished to remain private, 

autonomous, and avoid social judgement. This could explain the unexpected negative 

association between communicative eHealth literacy (or the confidence and ability to 

communicate with others online regarding health matters), and the perceived usefulness of a 

digital DPP found in our previous study (Van Rhoon et al., 2021). Some may happily discuss 

health matters with close friends, family, or health professionals, but not with unfamiliar 

people. Together, this suggests, as was the case for self-monitoring, that key digital DPP 

features or ‘selling points’ may not be appealing for some, and it is therefore recommended 

that other features or benefits are prioritised when promoting or tailoring a digital DPP to 

these individuals. Some participants had concerns regarding digital DPP accessibility for 

older adults and those in rural areas, due to limitations in broadband internet coverage, and 

lack of smartphone ownership and technology literacy among older adults. According to 

recent Irish survey data, 93% of households have internet access (Central Statistics Office, 

2021). However, smartphone usage among people aged 60-74 was only 37% compared with 

96% and 77% for those aged 30-44 and 45-59 respectively (Gibney & McCarthy, 2020). 

Therefore, while geographical reach may be sufficient, smartphone based digital DPPs may 

be less accessible for older adults than would face-to-face DPPs. 

5.5.6. Feedback Factors 

 When asked about features they would like included in a digital DPP, participants 

offered many suggestions. These were diverse, and in most cases, a feature suggested by one 

participant was not suggested by another. However, the most common request was for a 

programme to be tailored to meet their needs. Offering this flexibility may improve the 

uptake of a digital DPP, as tailored digital behaviour change interventions have achieved 

higher levels of user engagement and effectiveness (Lustria et al., 2013; Ryan et al., 2019). 

5.5.7. Limitations and Future Directions 

 This study has some limitations. First, all participants who expressed an interest in 

taking part were female. As males are traditionally less likely than females to engage in 

preventive health services (Davis et al., 2012), this discrepancy is not unusual. Participants 

were also predominantly white, with high levels of formal education, limiting the 
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generalisability of our findings. Further studies involving other populations (e.g., males/non-

binary, culturally/educationally diverse) is needed to ensure that future programmes are 

accessible for hard-to-reach groups. Second, in our initial study design, we intended to 

conduct focus groups, and share sample digital DPP content with participants in person to 

facilitate group discussion. However, given COVID-19 restrictions at the time of the study, 

face-to-face data collection was not possible, and participants could only experience the 

digital DPP via brochure and video presentations. Finally, participants’ experiences regarding 

certain topics (e.g., physical activity) may be limited to a ‘lockdown’ context, and their 

perceptions may have changed once restrictions eased. 

5.5.8. Conclusion 

This study explored factors relevant to the acceptability of a digital DPP from the 

perspective of women living in Ireland at risk of developing T2DM. We found that 

participants understood the aetiology and implications of T2DM, and wish avoid the 

condition. Participants experienced both favourable and unfavourable social influence with 

regards to their eating and exercise behaviours, and health technology use; and experienced 

several facilitators and barriers to healthy eating and physical activity, particularly amid 

COVID-19 restrictions. All participants were familiar with and/or capable of using health 

technologies. However, views on these technologies were diverse, and in some instances, 

oppositional (e.g., self-monitoring viewed both positively and negatively). When discussing 

the digital DPP, participants endorsed the personalised health coaching, peer support, and 

self-monitoring as it facilitated education, motivation, and accountability. However, peer 

support was also viewed negatively by some, and others questioned the programme’s 

accessibility for older adults and/or those in rural areas. Given the diversity of experiences, 

needs, and motivations within a relatively homogenous sample, we emphasise the importance 

of tailored digital health solutions and offer recommendations for their implementation. Our 

findings could inform the content and communication strategies of future digital DPPs or 

other digital health interventions, potentially maximising user engagement and effectiveness. 
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6. General Discussion 

6.1. Discussion Overview 

 In this final chapter, a summary of the research findings from all three studies will be 

presented, followed by a discussion on how this research has extended the evidence base. 

Next, the strengths and limitations of this research will be highlighted, and recommendations 

for future studies to overcome these limitations will be offered. The implications of this 

research will also be discussed, with reference to future research, policy, and practice. The 

chapter will close with a set of concluding statements.  

6.2. Summary of the Research Findings 

The overarching aim of this research was to conduct three separate but interrelated 

studies to build the evidence base for the development and implementation of an Irish digital 

DPP for adults at risk of developing T2DM. This aim was achieved by following the MRC 

framework for developing and evaluating complex interventions (Craig et al., 2008) and: (a) 

identifying the evidence base regarding digital DPPs, (b) identifying and developing 

appropriate theory for the acceptability of digital DPPs, and (c) understanding the 

perspectives of target users regarding the factors that determine a digital DPP’s acceptability. 

The aim of study one was to conduct a systematic review of technology-driven T2DM 

prevention interventions to determine their effectiveness in achieving clinically significant 

weight loss and improvements in additional outcomes linked to the onset of T2DM; and to 

identify the BCTs and digital features most frequently used in effective interventions. The 

aim of study two was to develop a new model of digital health acceptability that incorporates 

theories of health behaviour, health beliefs, and eHealth literacy, and then test this model to 

identify the factors that influence the intention of adults living in Ireland to use a digital DPP. 

To further understand the acceptability of a digital DPP among its target users, study three 

aimed to explore the extended views and experiences of adults at risk of T2DM on the factors 

affecting digital DPP acceptability. This included their understanding of T2DM, experiences 

with social influence on health behaviours, views on health technologies, barriers and 

facilitators to healthy eating and physical activity, and perceptions regarding the usefulness, 

usability, and desired features of a digital DPP. 

6.2.1. Study One 

 The systematic review assessed 19 studies of 21 technology-driven T2DM prevention 

interventions. A majority of the interventions achieved clinically significant short-term 



 

181 
 

weight loss in adults at risk of developing T2DM. However, many interventions fell short of 

reaching the 12-month 5% weight loss target as set by the CDC (2018) and NICE (2019). Of 

the 21 interventions, 19 and 12 were assessed on their effectiveness in achieving short-term 

and long-term proportional weight loss respectively. In the short term (≤6 months), 63% or 

12 of 19 interventions achieved a clinically significant weight loss of at least 3%. However, 

only 33% or 4 of 12 interventions achieved the 5% weight loss benchmark for clinical 

significance at ≥12 months. Of the 9 and 13 interventions that reported HbA1c and fasting 

glucose respectively, 77% reported a significant improvement in HbA1c, and 38% reported a 

significant improvement in fasting glucose. In the two interventions that reported rates of 

T2DM incidence, these rates at 24 months were 11% and 18% respectively, each lower than 

those rates found in the usual care groups at 18% and 27% respectively. Rates of attrition 

varied substantially between interventions in both the short term (9.4% to 43.4%) and long 

term (7.4% to 79.8%). Very few studies reported outcomes pertaining to dietary intake, 

physical activity, cost-effectiveness, and user engagement. 

 Interventions which used a larger number of BCTs were more effective. Seven unique 

BCTs were frequently identified in effective interventions. These were: social support 

(unspecified), goal setting (behaviour), goal setting (outcome), feedback on behaviour, self-

monitoring of outcome(s) of behaviour, self-monitoring of behaviour, and problem solving. 

In the short term, effective interventions used, on average, 5.6 more BCTs than non-effective 

interventions, with social support (unspecified) and adding objects to the environment the 

most effective BCTs. In the long term, effective interventions used, on average, 3.7 more 

BCTs than non-effective interventions, with problem solving identified as the most effective. 

Interventions which used a larger number of passive and interactive digital features were 

more effective. Three digital features, all passive, were frequently identified in effective 

interventions. These were health and lifestyle information and advice, diet tracking, and 

activity tracking. In the short term, effective interventions used, on average, 1.9 more passive 

features and one more interactive feature than non-effective interventions. The most effective 

were the passive features of activity tracking and diet tracking, and the interactive feature of 

online health coaching. In the long term, effective interventions used, on average, 1.9 more 

passive features and 0.25 more interactive features than non-effective interventions. The most 

effective were the passive features of activity tracking, reminders and prompts, weight and 

biomeasure tracking, and the interactive feature of online health coaching. 
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6.2.2. Study Two 

 Study one confirmed that technology-driven T2DM prevention interventions can 

achieve clinically significant weight loss, and it was established which BCTs and digital 

features were likely most effective. However, rates of participant drop-out in several 

interventions were very high. While the findings suggest that these interventions can work, 

low levels of participant engagement could prevent the interventions from reaching their full 

potential. Study two extended the findings of study one by investigating the acceptability of a 

digital DPP among adults living in Ireland, to identify potential avenues for maximising user 

engagement. An 11-factor digital health acceptability model was developed and subsequently 

tested using SEM. The analysis found the model to explain 65% of the variance in the 

intention to use a digital DPP. 

Most factor associations were statistically significant. Health status (one’s level of 

T2DM risk) was positively associated with perceived susceptibility to T2DM but negatively 

associated with perceived seriousness of T2DM. Subjective norm was positively associated 

with both perceived susceptibility to T2DM and perceived seriousness of T2DM. Image was 

positively associated with perceived usefulness. eHealth readiness was positively associated 

with both perceived usefulness and perceived ease of use. Communicative eHealth literacy 

was positively associated with perceived ease of use but negatively associated with perceived 

usefulness. Perceived susceptibility to T2DM was positively associated with both perceived 

usefulness and intention to use the digital DPP. Perceived ease of use was positively 

associated with perceived usefulness, which in turn was positively associated with intention 

to use the digital DPP. General eHealth literacy, which was assessed using the eHEALS, was 

not a significant predictor of the programme’s perceived ease of use. 

6.2.3. Study Three 

 Study three extended the work of study two through the development of an extended 

framework for digital DPP acceptability. While study two identified the factors that influence 

the intention of adults living in Ireland to use a digital DPP, study three explored how and 

why these factors affected programme acceptability among a group of adults at risk of 

T2DM. Through semi-structured video interviews and QCA, several themes were identified 

under each category of the extended research framework. 

Participants understood the aetiology of T2DM and the disease’s implications. This 

knowledge was mostly obtained through personal research and experience, and via the media. 
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Participants also acknowledged their high-risk status, and some had already taken steps to try 

and reduce this risk. However, some participants felt there was a lack of awareness of the 

disease in Ireland, particularly among older adults. On the topic of social influence, 

participants mostly received health behaviour advice from HCPs and/or family members. 

Such advice was perceived as either positive or negative, with several participants discussing 

negative interactions with HCPs, describing a lack of support, understanding, and knowledge 

regarding T2DM, in addition to stigma about their weight. Participants described their family 

and friends as a source of influence over their adoption of DHTs. When discussing their 

readiness to engage with DHTs, participants were concerned about the security and privacy 

of their data, and the threat of insurance companies obtaining this data without permission. 

Frequent users of DHTs felt that self-monitoring their eating and exercise behaviours 

facilitated motivation and accountability, while online classes enabled social support. 

However, some users stopped using DHTs due to lack of interest in learning the device’s full 

capability, or after experiencing discomfort from a wearable device. 

On the topic of healthy eating, barriers included cravings and comfort eating, mixed 

messages regarding nutritional advice, and the high cost of healthy foods. Facilitators to 

healthy eating included being proactive and possessing sufficient nutritional knowledge. 

When discussing physical activity, the COVID-19 lockdown restrictions were mentioned 

frequently. Barriers to physical activity included: limited opportunity due to work/family 

commitments and gym closures, physical discomfort during and after exercise, and a lack of 

interest in or motivation to engage in physical activity. Facilitators included having social 

support, the desire to be outdoors, and keeping to a set routine. 

When discussing the digital DPP, the programme was viewed as user friendly. 

Participants described the health coach support, peer support, and self-monitoring of diet and 

physical activity as the most useful aspects of the programme. However, several participants 

described the social interaction component as a turn-off, preferring to remain private and 

avoid possible social judgement. There were also programme accessibility concerns, 

particularly for older adults due to perceptions of lower eHealth literacy, and for those who 

reside in remote areas with limited broadband connectivity. When asked about their intention 

to use the programme, several were willing to try it, while others felt they would be more 

likely to use it if it came recommended by their GP. 
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6.3. Contribution of This Research 

 This research has extended the knowledge base within multiple fields of research, 

both within Ireland, and internationally. First, this research has advanced the area of T2DM 

prevention in Ireland by producing an evidence base to inform the development and 

implementation of a programme that could counter what has recently been called a ‘dramatic 

rise’ in the country’s T2DM incidence rate (Pierse et al., 2021). Second, this research 

determined which digital T2DM prevention interventions are most effective, and it was 

discerned which BCTs and digital features could have the strongest impact. This information 

could help to improve the effectiveness of future DPPs or other digital health interventions. 

Third, a new digital health acceptability model and extended framework was developed using 

both quantitative and qualitative methodologies, advancing the areas of T2DM prevention, 

technology acceptance, health behaviour, health beliefs, and eHealth literacy. Finally, by 

identifying and exploring the factors that influence digital DPP acceptability among adults, 

including those at risk of T2DM, this research has identified knowledge gaps regarding 

T2DM, and avenues through which a digital DPP may be tailored to maximise uptake among 

its target users. Furthermore, this research extends the global evidence base on digital health 

as very few studies had assessed technology acceptance at the pre-use stage (Nadal et al., 

2020), and no study to date had conducted qualitative exploration into the acceptability of a 

digital DPP. 

6.3.1. Supports Type 2 Diabetes Prevention in Ireland 

 In Ireland, T2DM and PDM collectively affect approximately 408,000 or 17.4% of 

adults over 40 years of age, and this figure is expected to reach 717,000 by the year 2036, 

prompting the HSE to consider the development of a national DPP (Pierse et al., 2021). In 

view of this, Pierse et al. (2021), using the face-to-face NHS-DPP as a benchmark, conducted 

a simulation study to assess the potential economic and health impact of a face-to-face Irish 

DPP. According to findings, the DPP would be cost saving under two scenarios. In the first 

scenario, excess health care and intervention costs will be reduced by €13.5 million over a 

15-year period if the programme matches the NHS-DPP on outcomes of T2DM incidence 

reduction (at 26%), duration of effectiveness (4 years), and attendance rates (4% of people 

with PDM per year). In the second scenario, where the yearly attendance rate is set to 12% 

with all else equal, the 15-year cost savings would reach €39.4 million. In these two 

scenarios, QALYs would increase by 10,471 and 31,915 respectively, while deaths attributed 

to T2DM would decrease by 408 and 1247 respectively. However, if effectiveness or 
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attendance falls significantly short of NHS-DPP projections, the programme would be cost 

increasing at a figure of up to €46.8 million (Pierse et al., 2021). Based on this study, the 

success or healthcare cost-saving potential of an Irish DPP appears contingent on three key 

outcomes. These are: (1) programme effectiveness, (2) user engagement, and (3) 

implementation costs. The present research considered all three aspects, and findings suggest 

that a digital DPP, when implemented in Ireland could potentially be effective, engaging, and 

cost-saving.  

First, study one confirmed that real-world digital T2DM prevention interventions can 

achieve clinically significant improvements in weight loss and outcomes linked to the onset 

of T2DM at levels comparable to face-to-face interventions. A recent study of the NHS-DPP 

digital pilot reported similar findings, as the digital programme achieved significant 

improvements in body weight and blood glucose at levels on par with the face-to-face NHS-

DPP (Ross et al., 2022). However, longitudinal data on T2DM incidence is not yet available. 

Second, as internet use and smartphone adoption in Ireland is relatively high and 

rising steadily (Kemp, 2022a, 2022c), a digital DPP would be accessible for a sizeable 

proportion of those risk of T2DM. However, in acknowledgement of the user engagement 

challenges experienced by DPPs abroad, studies two and three explored factors that affect the 

acceptability of an Irish programme. The findings of these studies may be used to develop 

and tailor a digital DPP and its communication strategies to engage adults living in Ireland 

and maximise uptake. Recent studies of the US NDPP and NHS-DPP indicate that digital 

DPPs can achieve higher uptakes than their face-to-face counterparts, even among older 

adults. When assessing the US NDPP, Cannon et al. (2022) found that, between the years of 

2012 and 2019, the number of people enrolled in the face-to-face and digital programmes was 

166,191 and 269,001 respectively. However, the annual enrolment gap between the two 

programme streams is proportionally larger, further favouring the digital programme as it was 

first implemented three years after the in-person programme had commenced. Moreover, this 

gap may have since widened as data were collected prior to the COVID-19 digital health 

boom. In the NHS-DPP, the conversion rate for the face-to-face programme (the proportion 

of referred individuals who attended initial assessment) over a 12-month period was 56%, or 

55,275 out of the 99,473 referred (Howarth et al., 2020). Although the NHS-DPP digital pilot 

had a much smaller sample size, 74% of the 2,424 referred individuals registered with the 

programme (Ross et al., 2022). Additionally, there was no digital divide for older 

participants, as adults in the age categories of 55-64 and 65+ represented a respective 30% 
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and 32% of all registered participants, and each group achieved greater weight loss than 

participants aged 18 to 55. This relatively high uptake and effectiveness among older adults is 

promising, as several participants in study three felt that older adults could have difficulty 

using DHTs and engaging with a digital DPP. 

Third, one challenge when assessing whole interventions is that the effects of an 

individual component often cannot be discerned. Identifying the most effective components 

of an intervention is important, as one can take the cost of each component and assess 

whether the effect of the component justifies its inclusion within the intervention (Collins et 

al., 2016). Although the present research could not identify the cost of implementing each 

BCT and digital feature, the systematic review did identify the components most frequently 

used in effective interventions. Therefore, developers of an Irish DPP could minimise 

implementation costs and maximise cost-effectiveness by including fewer components that 

individually or collectively have a larger effect, both on engagement and T2DM-related 

outcomes. 

These three points suggest, based on the conditions outlined by Pierse et al. (2021), 

that a digital DPP could indeed be cost-saving when introduced to Ireland. While longitudinal 

data is not yet available from the NHS-DPP digital pilot to ascertain a reduction in T2DM 

incidence, this stream has matched the in-person programme on improvements in key 

outcome measures and has surpassed its level of engagement. Furthermore, developers of an 

Irish digital DPP could use the results of all three present studies to tailor the programme and 

its communication strategies to maximise acceptability, and to apply only the most effective 

intervention components to increase cost-effectiveness.  

6.3.2. Established What Works in Digital Diabetes Prevention Interventions 

 Informed by evidence from the landmark diabetes trials, the IMAGE toolkit for the 

prevention of T2DM in Europe (Lindström et al., 2010), and the NICE recommendations for 

preventing T2DM in people at high risk (NICE, 2017) listed several BCTs that should be 

included in T2DM prevention interventions to maximise effectiveness. A meta-analysis by 

Ashra et al. (2015) supported the application of these guidelines, as greater adherence by the 

interventions to both IMAGE and NICE recommendations was associated with greater 

improvements in body weight and blood glucose. However, these guidelines and findings 

pertain to the delivery of face-to-face interventions only, and it was unknown whether these 

BCTs were equally effective in digital interventions. According to study one, the most 
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effective BCTs were social support (unspecified), goal setting (behaviour), goal setting 

(outcome), feedback on behaviour, self-monitoring of outcome(s) of behaviour, self-

monitoring of behaviour, and problem solving. Each of these are listed in the IMAGE and 

NICE guidelines, suggesting that these techniques translate well to digital delivery and 

should therefore be used in all future digital DPPs. Recent studies have supported the digital 

application of several of these BCTs in the context of T2DM prevention and management. In 

the NHS-DPP digital pilot, peer support had the strongest effect on both HbA1c and body 

weight reduction, while the use of wearable devices to self-monitor one’s behaviour also 

influenced weight loss (Ross et al., 2022). Furthermore, a meta-analysis of mHealth T2DM 

management interventions found digital self-monitoring to be the most effective feature in 

HbA1c reduction (El-Gayar et al., 2021). This effectiveness by way of digital self-monitoring 

also supports the findings of study one regarding digital feature use, as the features of diet, 

activity, weight, and biomeasure tracking were all frequently identified in effective 

interventions. 

It is possible that the effectiveness of the BCTs and digital features identified in study 

one was influenced by each component’s capacity to engage its users. In study three, 

participants praised the self-monitoring capabilities of DHTs as this facilitated motivation, 

such as the drive to meet daily step goals; and accountability, where for example, participants 

would record their food intake and report this to their health consultant. Several participants 

also valued the social support they received from peers in online health classes, and face-to-

face through friends who would help to make routine exercise more enjoyable. The 

effectiveness of the goal setting and feedback BCTs identified in study one may have been 

due to the usefulness of online health coaching. Health coaches in digital DPPs deliver these 

BCTs by offering personalised feedback, and assisting participants in setting their own goals 

(CDC, 2021b). Such personalisation or tailoring was considered desirable by participants in 

study three and it has been linked to intervention effectiveness and engagement in previous 

studies (Lustria et al., 2013; Ryan et al., 2019). The effectiveness of remote health coaching 

was also confirmed in a meta-analysis by Joiner et al. (2017), as digital T2DM prevention 

interventions that included remote health coaching achieved 29% more weight loss than 

stand-alone interventions. 

While it is clear that behaviour change interventions such as digital DPPs can 

successfully encourage participants to modify their health behaviours, there is limited 

evidence to suggest that such changes are sustainable long term, ether due to the paucity of 
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studies that assess long-term effects, or because intervention effects typically diminish over 

time (Kwasnicka et al., 2016). In study one, 63% of interventions were effective in the short 

term. However, in the long term, only 33% of interventions were effective. While the study’s 

effectiveness criteria for the two periods differed at 3% and 5% respectively, the weight loss 

figures across studies indicate that short-term weight loss most often exceeded the amount 

lost in the long term. According to the analysis in study one, the most effective BCT and 

digital feature for long term effectiveness was problem solving and online health coaching 

respectively. Problem solving is a technique that encourages participants to generate several 

health behaviour change strategies (such as overcoming barriers, relapse prevention, and 

coping planning), and then to select, apply, and evaluate the most appropriate strategy (King 

et al., 2010; Lindström et al., 2010; Michie et al., 2013). Such strategies may have enabled 

participants to develop the skills needed for sustained behaviour change. However, as study 

one found that all the effective long-term interventions included online health coaching, it is 

difficult to discern whether problem solving could be effective as a stand-alone technique in 

the absence of health coaching, or if the two components have a synergistic effect. The latter 

notion is supported through a recent qualitative study of the face-to-face NHS-DPP 

conducted by Miles et al. (2021). According to the authors, several participants could not 

recall engaging in problem solving activities, or they simply misunderstood the term itself. 

However, participants who did recall problem solving and found it useful in supporting their 

behaviour change, stated that it was the group exercises and discussions around problem 

solving, facilitated by the health coach, that was most effective. Miles et al. (2021) concluded 

that problem solving is a cognitively demanding technique, and so the development of 

complex problem solving strategies may be too challenging for participants to do in isolation. 

Considering these findings, to enable long-term behaviour-change and ensure sustained 

improvements in T2DM-related health outcomes, future digital DPPs should include problem 

solving activities that are facilitated by an online health coach.  

6.3.3. Advanced the Evidence on Health Beliefs and eHealth Literacy 

The digital health acceptability model developed and tested in study two and extended 

in study three, explained a relatively large proportion of the variance in the intention of 

participants to use a digital DPP, warranting the model’s application in future studies. These 

studies therefore extended the evidence base on T2DM prevention, technology acceptance, 

and digital health. Further to this, these studies advanced the current understanding of health 

beliefs, risk perceptions, and eHealth literacy in several ways.  
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The HBM (Rosenstock, 1974) is one of the most highly recognised and widely used 

conceptual frameworks of health behaviour (Green et al., 2020). However, its application is 

lacking in studies of T2DM prevention. In one rare study, Herman et al. (2018) assessed the 

uptake of a face-to-face DPP against the factors of perceived susceptibility to T2DM and 

perceived seriousness of T2DM. Programme enrolees reported higher levels of perceived 

susceptibility than non-enrolees, while both enrolees and non-enrolees perceived the disease 

to be serious. However, the authors did not assess these factors against actual risk of T2DM. 

Study two built on this by assessing each HBM factor against both the actual risk of 

developing T2DM and the acceptability of a digital DPP. 

To accommodate the complexity of health behaviours involved in DHT adoption, 

Kim and Park’s (2012) HITAM included the factors of perceived susceptibility and perceived 

seriousness from the HBM. However, these factors were combined to form the composite 

factor of perceived threat. When testing the HITAM, the authors found perceived threat to 

have a significant positive association with health status (as operationalised by the presence 

or absence of disease), but perceived threat did not significantly predict perceived usefulness. 

Risk or threat perceptions are often conceptualised as an additive or multiplicative index of 

susceptibility to and severity of a health risk or disease. However, according to El-Toukhy 

(2015), who assessed data on 50 health conditions, susceptibility and severity (or seriousness) 

are two distinct and often inversely related concepts. Given the limited predictive utility of 

perceived threat in the HITAM, study two tested perceived susceptibility to T2DM and 

perceived seriousness of T2DM as two separate factors, and three key findings confirmed the 

factors’ discrete nature. First, the factors did not correlate. Second, actual risk of developing 

T2DM was negatively associated with perceived seriousness but positively associated with 

perceived susceptibility. Third, perceived seriousness was not a significant predictor of the 

digital DPP’s perceived usefulness, yet perceived susceptibility significantly predicted both 

the perceived usefulness of, and intention to use the digital DPP. These findings thereby 

advance the evidence base on health beliefs by confirming emerging evidence of the 

complex, contradictory nature of disease risk perceptions. 

The concept of eHealth literacy is another complex subject that researchers have 

attempted to assess using simple measures, despite suggestions that such measures are 

insufficient to assess eHealth as it exists today. As eHealth literacy represents a relatively 

new area of research, the evidence base is still growing as it aims to keep up with the rapid 

development and evolution of new technologies. The eHEALS (Norman & Skinner, 2006a) 
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remains the most commonly applied assessment of eHealth literacy. However, the Lily model 

from which the eHEALS was based had been developed for the first generation of eHealth 

services (Norman, 2011). Second-generation instruments were thus created to overcome the 

limitations of the eHEALS. 

With multiple knowledge gaps in the eHealth literature under consideration, the 

present research advanced the evidence base in several ways. First, the eHEALS was applied 

in study two to measure general eHealth literacy, a factor hypothesised to predict the 

perceived ease of use of the digital DPP. However, there was no association between the two 

factors, suggesting that first generation eHealth literacy skills may not be sufficient to 

increase one’s perceived aptitude and confidence in using a complex digital health 

intervention. It is also possible that the eHEALS itself is not a comprehensive enough 

measure to assess the range of skills required to navigate second-generation DHTs. In their 

recent systematic review of eHealth literacy measures, Lee et al. (2021) confirmed the 

eHEALS to be insufficient to measure the dynamic and social nature of eHealth. While many 

researchers may use the eHEALS based on its ubiquitous application−or to pre-emptively 

appease journal editors by applying a longstanding, frequently cited measure of eHealth 

literacy−its future application when studying current digital health interventions should be 

approached with caution, and alternative or at least additional second-generation measures 

considered. Second, to tap into the evolving social nature of eHealth, the communicative 

eHealth literacy sub-scale of the TMeHL questionnaire (Paige et al., 2019) was used in study 

two to assess the sub-scale’s namesake factor. Study two was the first to apply this 

questionnaire after its original validation studies. Upon reviewing all second-generation 

eHealth literacy measures developed to date, Lee et al. (2021) stated that the TMeHL 

questionnaire is psychometrically better than the other measures, and the authors support its 

further use. Third, the eHRS (Bhalla et al., 2016) was used in study two to fill the gap present 

in most eHealth literacy measures. That is, the lack of items assessing DHT use. Despite the 

scale’s rare application, its latent factor of eHealth readiness in study two was the strongest 

eHealth predictor in the model, confirming its suitability for assessing current digital health 

interventions.  

6.3.4. Provided an Understanding of the Factors that Influence Digital DPP Acceptability 

 The identification and exploration of the factors that influence a digital DPP’s 

acceptability contribute to both the national and international evidence base in two ways. 

First, discrepancies in T2DM risk perceptions were found in study two, indicating a lack of 
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understanding of the disease which should be addressed if prevention efforts are to succeed. 

Second, through qualitative interviews, study three identified a range of avenues through 

which a digital DPP could be tailored to suit the diverse needs of those at risk of T2DM. 

 6.3.4.1. Type 2 Diabetes Risk Perceptions. According to findings from study two, 

the perceived susceptibility to T2DM was positively associated with health status, suggesting 

that participants at higher risk of T2DM were cognizant of this risk. This supports previous 

studies that found significant associations between participants’ general risk perceptions and 

actual risk status on single factors such as family history, BMI, and diet (Fukuoka et al., 

2015; Yang et al., 2018); or, their overall score on a validated risk assessment tool (Godino et 

al., 2014). Study three also confirmed that participants were aware of their risk status, 

learning of this via discussion with a HCP, a family member with T2DM, or through a 

previous GDM diagnosis. However, contrary to what was hypothesised in study two, the 

perceived seriousness of T2DM was inversely associated with health status. Therefore, those 

at greater risk of T2DM perceived the disease to be less serious. Participants in study three 

felt there was a lack of awareness in Ireland regarding the seriousness of T2DM compared 

with other diseases such as cancer, particularly among older adults. It is possible that people 

at greater risk may be aware of their T2DM risk status but worry only about what they 

perceive to be a more serious health condition. As T2DM risk automatically increases with 

age when applying the FINDRISC, those with higher scores in study two could have been 

older adults who, according to participants in study three, have less knowledge about the 

seriousness of T2DM. Alternatively, this inverse relationship could be linked to the study’s 

younger adults through the presence of optimistic bias and greater perceived control. These 

often-associated factors represent instances where an individual feels they are less likely than 

the average person to experience adverse events, such as T2DM and its complications, and/or 

have greater control over these events if they occur (Klein & Helweg-Larsen, 2002). A meta-

analytic review by Klein and Helweg-Larsen (2002) found that the control-optimistic bias 

association was stronger among younger adults than older adults. As 46% of participants in 

study two were aged 18 to 29, and the overall sample’s mean age was a relatively low 36 

years, the inverse relationship between T2DM risk and perceived seriousness could have 

been due to the high levels of perceived control and/or optimistic bias that would be expected 

in a sample containing many younger adults.  

These overall findings on risk perceptions suggest that, although T2DM risk screening 

is necessary and highly encouraged, more education of the public is needed with regards to 
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the seriousness of T2DM. While being optimistic about one’s health and level of control over 

the disease could empower participants in a digital DPP to achieve better outcomes, these 

biases could also lead to the avoidance of such interventions as individuals may not view 

T2DM as serious enough to warrant engagement with the programme or to change their 

health behaviours. This was evident in study two as perceived seriousness had no influence 

over the perceived usefulness of the digital DPP, whereas perceived susceptibility was a 

direct predictor of both perceived usefulness, and the intention to use the programme. 

6.3.4.2. Tailoring the Digital Diabetes Prevention Programme. Study three found 

that most participants would like a digital DPP to be tailored to their needs. This was 

explicitly expressed by several participants where, for example, they suggested the need for 

personalised goals, or for the programme to match them with other people who share similar 

interests. Participants also saw the programme as an opportunity to share advice and organise 

social walks. In a study of peer support in digital health interventions, Fortuna et al. (2019) 

discussed the concept of ‘reciprocal accountability’, where participants (or participants and 

group leaders) mutually help and learn from each other. It is this accountability, when 

combined with common goals, shared life experiences, and the forming of bonds, that is 

suggested by the authors to enhance user engagement with digital health interventions. This 

indicates the importance for effective matchmaking when facilitating social support within a 

digital DPP, as participants may only engage with others they can relate to. In study three, 

those averse to peer-to-peer interaction viewed the programme’s social support feature as a 

threat to their privacy or autonomy because they do not know the other participants 

personally and were worried about negative social judgement. In view of this, future digital 

DPPs should be adaptable by allowing participants to opt out of this function entirely or by 

offering flexibility into how the feature is implemented. For example, participants could 

complete a questionnaire that captures information on their demographics, cultural norms, 

geographic location, likes, and hobbies etc. that may be used to create groups of likeminded 

participants. Alternatively, as some participants may feel overwhelmed by large groups, a 

buddy system could be employed that would pair two individual participants who share 

similar goals and interests, with the aim of facilitating mutual support and accountability. 

Buddy systems that use text message, phone call, or face-to-face meetings have been 

successfully implemented in digital T2DM management interventions (Ojo et al., 2015; 

Rotheram-Borus et al., 2012; Sylvetsky et al., 2015) and could therefore be effective in a 

digital DPP. 
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In addition to identifying potential avenues for tailoring the digital DPP, 

communication strategies could also be tailored to increase uptake. First, several participants 

in study three were concerned about the privacy and security of their personal information 

and feared that insurance companies could obtain this information through unscrupulous 

means such as hacking. These privacy concerns were also identified in a systematic review of 

digital health qualitative studies (O'Connor et al., 2016). It is therefore important for a digital 

DPP to clearly communicate its data collection, storage, and usage policies to prospective 

participants, and/or allow individuals to opt out of sharing certain information. Second, 

participants in study three stated they often received advice on their diet, physical activity, 

and use of DHTs from family members. Additionally, many participants were aware of their 

risk status due to a family history of T2DM. Based on these findings, digital DPP 

promotional materials could be issued to patients with T2DM so they may pass these on to 

family members who may be at risk. Furthermore, if more than one family member is at risk, 

this could encourage family members to join a digital DPP together. According to evidence 

from the US NDPP, co-participation from a partner or family member can increase 

attendance and lead to greater health outcomes. Ritchie et al. (2019) found that diverse (e.g., 

non-white) individuals who joined the programme along with household members showed 

greater engagement. Additionally, men who joined the programme as a dyad were four times 

more likely to achieve the 5% weight loss target than men who enrolled individually. 

However, this effect was not observed for women. Given the traditionally low levels of 

engagement by men in health interventions, further supported by the comparatively low 

number of male participants in studies two and three, offering joint enrolment in a digital 

DPP could encourage more males to actively engage with the programme. 

6.4. Strengths and Limitations 

 There are several strengths and limitations of this research, at both the individual 

study level, and of the project overall. As a large proportion of this research was conducted 

during the COVID-19 pandemic, the methods applied in studies two and three were modified, 

resulting in several unavoidable limitations. The pandemic has been a challenging period for 

researchers, particularly those undergoing a doctoral degree, and most have experienced a 

negative impact on their data collection and analysis process (Byrom, 2020; Paula, 2020). 

However, the methodological alterations implemented to overcome the challenges to this 

research did not affect the overarching aims. Furthermore, such modifications offered novel 

ways of conducting research at a time when resources were limited, which in some cases, 
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resulted in findings that may not have been obtained had the original methodologies been 

employed. In the sections that follow, the strengths and limitations of each individual study 

and overall project will be presented, with specific focus on the methodologies used, 

accommodations made, and how the research process deviated from its original plan. The 

following sections will also include discussion on the steps taken to attenuate these 

limitations, and proposals for future research.  

6.4.1. Strengths and Limitations of the Individual Studies 

 6.4.1.1. Study One. The main strength of the systematic review was that it was the 

first in digital T2DM prevention to identify the BCTs and digital features frequently 

associated with clinically significant weight loss. The review was conducted in accordance 

with established best-practice guidelines and maintained a commitment to research 

transparency with regards to its methods, collected data, and presentation of results. First, the 

review process adhered to a pre-registered protocol (Van Rhoon et al., 2018) and was 

reported in line with PRISMA guidelines (Moher et al., 2009). Second, a comprehensive 

search strategy was developed and pilot tested before its implementation across five 

databases. These searches were supplemented by forward and backward reference searches to 

locate additional articles. Finally, the article screening, quality assessment, BCT coding, 

digital feature coding, and thematic analysis were all independently conducted by two 

researchers. While the level of agreement was only statistically assessed for article screening, 

all disagreements arising from the coding process were efficiently resolved through 

discussion between the researchers. One limitation of the review was the absence of a grey 

literature search which, if conducted, could have identified relevant unpublished articles. 

However, such searches are often time consuming and may have little influence on the results 

of most reviews and meta-analyses (Adams et al., 2016; Schmucker et al., 2017). 

Another strength of this review was its use of both top-down and bottom-up 

approaches to data collection. An existing, internationally-recognised taxonomy, the BCTTv1 

(Michie et al., 2013), was used to code BCTs from all available intervention descriptions, and 

a modified thematic analysis was used to identify digital components which were then 

grouped to generate a list of passive and interactive digital features. As a complete list of 

digital components identified in this review were published online with the manuscript, 

researchers could use this information to develop a digital feature taxonomy for categorising 

digital DPPs and then use this to assess future programmes. For example, Almalki and 
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Giannicchi (2021) recently developed a taxonomy of the digital features found in COVID-19 

health apps. This taxonomy was then used as a guidance tool for categorising COVID-19 

apps, assessing their functionalities, and evaluating their acceptability and effectiveness. 

 Study one’s coding process had several limitations. First, the number of BCTs (and 

digital components) identified in each digital DPP was influenced by the detail in which the 

programmes were described in the articles. Noting this limitation, other reviewers have either 

coded only those BCTs that were clearly present (e.g., Hailey et al., 2022), or coded all BCTs 

regardless of whether they were clearly present or possibly present (e.g., Hansen et al., 2018). 

However, such approaches can lead to under and over-coding respectively. The imputation 

process applied in study one combined these approaches, enabling two separate analyses. The 

results of the inclusive coding approach were presented in the main manuscript, while the 

results of the conservative approach (with imputed components excluded) were made 

available in the manuscript’s supporting materials. Second, the applied ‘dose’ of each BCT 

was not discussed in the articles. Therefore, the frequency at which each technique was 

applied could not be discerned. Assessments of BCT dosage have been conducted previously. 

For example, in a study of Australian physiotherapists, Kunstler et al. (2019) asked 

practitioners about the types of BCTs they used to promote physical activity, and how 

frequently each BCT was applied. However, as the level of interactivity in digital DPPs is 

largely participant-driven, the frequency of BCT utilisation within a single programme may 

differ substantially between users. To account for this, developers could integrate BCT 

tracking into their platforms. This could enable researchers to determine a programme’s mean 

usage level for each BCT. However, this may only be feasible for BCTs that involve simple, 

rapid user input and quantifiable data such as the self-monitoring of behavioural outcomes 

(e.g., recording how often a user enters their weight), rather than more complex BCTs such as 

problem solving, which requires extended thought, planning, and collaboration. 

 A meta-analysis could not be conducted with this review as several included studies 

did not report data pertaining to proportional weight loss. While the review of eHealth DPPs 

conducted by Joiner et al. (2017) did include a meta-analysis on proportional weight loss, the 

authors only included interventions based on the US NDPP. These interventions are required 

to report proportional weight loss data as per CDC standards and operating procedures (CDC, 

2018), and therefore, such data was available. However, in the present review, more than half 

of the interventions were independent, and in most cases, only absolute weight loss was 

reported. Absolute weight loss is a less-robust indicator of effectiveness as it does not 
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account for baseline body weight. As meta-analysis was not possible in the present review, 

the 5% weight loss benchmark as recommended by the CDC (2018) and NICE (2019) was 

applied to assess intervention effectiveness as a dichotomy (effective versus non-effective). 

This enabled the assessment of all technology-driven interventions regardless of evidence 

base, against the clinically relevant outcome of proportional weight loss. 

 Studies of all designs were included in this review, such as RCTs that compared a 

digital DPP against a control group or another intervention, and non-experimental studies 

such as single-arm observational studies. Randomised controlled trials are considered the 

‘gold standard’ for establishing an intervention’s effectiveness, as they are less subject to 

bias, and can establish a cause and effect relationship between the intervention components 

and the outcomes of interest (Hariton & Locascio, 2018). However, only 10 of the 19 studies 

included in this review used this design. The inclusion of less rigorous observational studies 

may have introduced various biases into the analyses. One key disadvantage to observational 

studies when compared to RCTs is the presence of confounding factors, that is, any factor 

that is related not only to the intervention but also to the outcome, and could affect both 

(Mariani & Pego-Fernandes, 2014; McNamee, 2003). Examples of confounding factors in the 

context of digital DPPs could be the use of additional interventions, such as structured 

physical activity regimes completed by participants outside the scope of the programme, or 

the use of diet supplements. Such confounding factors were controlled for in the Finnish DPS 

(Hu et al., 2007). However, controlling for factors that occur naturally in the real world does 

not necessarily represent best practice. The goal of lifestyle intervention is to improve one’s 

quality of life, both from a physical and emotional standpoint (Daundasekara et al., 2020). If, 

for example, a participant using a digital DPP chooses to join their local gym and participate 

in a structured exercise programme, such steps would be encouraged in the real world as it 

could facilitate social support and regular exercise. However, in an RCT, this additional 

activity would represent an undesirable confounder as it would be difficult to determine 

whether changes in the participant’s health status were due to the DPP, the additional 

exercise classes, or a combination of both. Critics of RCTs have argued that such trials were 

designed for testing drugs and not for the assessment of complex interventions delivered to 

diverse populations (Harvey, 2015). Randomised controlled trials often have stringent 

inclusion and exclusion criteria when selecting participants, and while this may enable 

researchers to reduce sampling bias, the selection criteria can be highly dissimilar to the 

characteristics of the real-world target population (Grapow et al., 2006; Yang et al., 2010). 
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6.4.1.2. Study Two. This cross-sectional study, which involved the development and 

testing of a digital health acceptability model to explain the intention to use a digital DPP, 

was the first to apply an extended health technology acceptance model within the field of 

T2DM prevention. The research model included: objective and subjective health factors, 

social influence factors that captured health behaviours and beliefs regarding the use of health 

technologies, and multiple eHealth literacy measures–each relevant to T2DM and the diverse 

skillset required to effectively navigate modern digital health interventions. However, despite 

advancing the digital DPP literature, this study had several limitations, most of which were a 

product of the recruitment strategy modifications necessitated by the COVID-19 pandemic. 

Shortly after this study was originally approved by the NUI Galway Research Ethics 

Committee on March 19, 2020, the Government of Ireland issued the first ‘stay at home’ 

instructions in response to the emerging pandemic. In the original protocol, adults at an 

elevated-to-very high risk of developing T2DM would be recruited for this study. According 

to the FINDRISC (Lindström & Tuomilehto, 2003), those at elevated risk have a 1 in 25 

chance of developing T2DM within the next ten years, while those at highest risk have a 1 in 

2 chance. By including only these individuals, the study’s sample would more closely match 

the target population for a digital DPP. Face-to-face recruitment was also to feature 

prominently. This would have involved the researcher engaging with general practice, health 

centres, community groups (e.g., women’s groups, Men’s Sheds, older adult groups, Parkrun 

groups, Irish Traveller groups), and recreation centres. During these interactions, the 

researcher would present talks on health behaviours, share advice, and issue hard copies of 

the study questionnaire. The aims of the original combined online and in-person recruitment 

strategy were fourfold. First, to recruit individuals who would be candidates for a DPP based 

on their elevated risk status. Second, obtain an accurate picture of Ireland’s eHealth literacy 

levels as online-only recruitment channels may skew the sample towards a higher level of 

eHealth literacy. Disparities in technology access and eHealth literacy can impact vulnerable 

populations by denying them the opportunity to engage in services that could improve their 

health (Smith & Magnani, 2019). Third, reduce under-coverage and self-selection bias. 

According to Bethlehem (2010), online recruitment is subject to: (a) under-coverage, as the 

target population usually includes people who do not have internet access, and therefore 

individuals who are eligible to participate may not have the means of doing so; and (b) self-

selection bias, as individuals can select themselves for the study by finding and completing 

the questionnaire. In this scenario, the researcher has little control over the selection process. 
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Fourth, to collect a very large number of completed questionnaires so once those at low risk 

of T2DM were excluded, the study would still have sufficient statistical power. 

In response to the COVID-19 social and physical distancing measures, a revised study 

protocol was submitted and approved by the NUI Galway Research Ethics Committee (see 

Appendix F). The key changes to this protocol were: (a) all recruitment would now be 

conducted online, and (b) all participants regardless of T2DM risk status would enter the 

analysis. The inclusion criteria were relaxed to accommodate the forecasted decrease in 

sample size. Conducting online recruitment during the height of the pandemic was 

challenging for various reasons. Community meetings were no longer held, and there were 

few replies to the almost 250 personalised emails that were sent to community groups and 

representatives. Follow-up phone calls confirmed that nationwide community collectives 

such as Men’s Shed, National Women’s Council, Parkrun, and the many older adult groups 

were on hiatus, while those that were still meeting were self-sustaining; that is, any contact 

between members was at the discretion of the members themselves through their own private 

social networks. Furthermore, organisations such as Parkrun were no longer authorising the 

use of their Facebook groups and networks for research assistance until further notice. Given 

these challenges, the recruitment period was extended by several months to ensure the study 

would obtain an adequate sample size.  

As a result of the inclusion criteria modifications and recruitment challenges, the 

study had several limitations. First, only 40% of participants had at least a slightly elevated 

risk or greater of developing T2DM. Therefore, a large proportion of participants were 

considered low risk. However, as FINDRISC scores increase automatically with age, the 

relatively large number of participants under 40 years of age (62% of the total sample) could 

have been a contributing factor to the sample’s relatively low risk of T2DM. The mean age of 

the sample in this study (at 36 years) was lower than the sample means of studies that 

assessed the effectiveness of digital DPPs. For example, of the 21 interventions included in 

the systematic review for study one, 18 interventions had a mean participant age of over 45 

years. However, given that early-onset T2DM (defined as a diagnosis of T2DM in individuals 

under 40 years of age) is linked with a higher risk of CVD, more severe micro- and 

macrovascular complications, and a higher mortality rate when compared to late-onset T2DM 

(Chan et al., 2014; Hillier & Pedula, 2003; Lascar et al., 2018; Sattar et al., 2019; Song & 

Gray, 2011), the inclusion of younger adults in study two was desirable, particularly as this 

demographic is underrepresented in T2DM studies (Sargeant et al., 2020). 
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Second, as online-only recruitment was used, this study was subject to self-selection 

bias. People who use the internet routinely and have an interest in digital health may have 

been more motivated to participate than members of the general population. Furthermore, 

frequent internet users may have a relatively higher level of eHealth literacy or familiarity 

with online questionnaires, each making it comparatively easy for them to participate. 

However, self-selection based on an interest in and ability to use DHTs could be desirable 

when attempting to maximise digital DPP uptake. For example, the NHS-DPP includes both 

a face-to-face and digital stream, and those who are eligible but decline the offer from face-

to-face providers are offered referral to the digital programme (McGough et al., 2019). By 

leveraging the appeal of using DHTs, a DPP could reach people that may otherwise be 

disinterested in participating in the programme. 

Third, the use of online-only recruitment channels resulted in a sample with relatively 

high levels of education; and was predominantly white, and female. Therefore, the results of 

this study may not be generalisable to the overall adult population residing in Ireland, or the 

population of adults at risk of developing T2DM. Future studies should recruit socio-

economically diverse groups. Doing so would obtain a more accurate snapshot of the current 

state of eHealth literacy in Ireland and assess the level of digital DPP acceptability among 

disadvantaged populations. 

6.4.1.3. Study Three. Study three explored the views and perceptions of adults living 

in Ireland towards a digital DPP and the factors that influenced the programme’s 

acceptability and was the first of its kind in T2DM prevention. It extended the findings from 

study two, using two complementary forms of qualitative analysis to offer insight into how 

and why the factors of the research model were significant. This study also built upon study 

two by including the health behaviour factors of healthy eating and physical activity to form 

an extended research framework. This new framework facilitated discussion on the wide 

range of behaviours that participants of a digital DPP would engage in. That is, the use of 

DHTs, social interactivity (be it with a health coach and/or other participants), and both 

dietary and physical activity behaviour change. 

Despite the strengths of this study, there were several limitations that warrant 

discussion. As participants were recruited from the pool of participants who completed the 

questionnaire in study two, this study experienced the same limitations. Furthermore, the 

extended recruitment period of study two delayed the commencement of this study, reducing 
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the recruitment window. As a sizeable portion of participants in study two were at low risk of 

developing T2DM, the number of participants eligible to participate in this study was 

relatively low, and of those eligible, only a small proportion expressed interest in 

participating in a follow-up interview. This figure consisted of 52 females and 11 males, and 

of the 26 females and 11 males contacted, 17 females and no males ultimately agreed to 

participate. Therefore, while this study aimed to recruit a gender-balanced sample (including 

non-binary individuals) all participants were female. Men have traditionally been reluctant to 

participate in health promotion programmes as they are often averse to disclosing 

vulnerability or may be dissatisfied with the way in which health service are delivered 

(Anderson et al., 2016; Gast & Peak, 2011; Verdonk et al., 2010). Organisations such as 

Men’s Sheds were established in Ireland to encourage men to openly discuss matters 

regarding their own health and wellbeing, and be more actively engaged in formal health 

services (Lefkowich & Richardson, 2018). However, due to the COVID-19 pandemic, such 

groups were on hiatus, limiting the proportion of males in study two to just 22% of the 

overall sample. This in-turn led to the gender imbalance observed in study three. Given the 

delays to both studies, there was no opportunity to run a second wave of recruitment to 

exclusively target males and non-binary individuals. When COVID-related restrictions ease 

and community groups resume normal operations, researchers should engage with these 

groups to obtain a broader picture of digital DPP acceptability in Ireland. 

A further limitation was the means through which participants were exposed to the 

digital DPP. That is, by viewing a colour brochure and watching two short videos. The 

original plan for this third study was to conduct one-hour focus groups where participants 

would view an extended multimedia presentation on the digital DPP and then experience the 

smartphone application first hand on either their own smartphone or a demonstration 

smartphone. In these focus groups, a think-aloud protocol would be used, which involves 

asking users to vocalise their reactions and thinking processes while, or immediately after, 

they use the application (Yardley et al., 2010). This form of qualitative research design has 

been used in studies of T2DM illness perceptions (Anderson-Lister & Treharne, 2014; 

McCorry et al., 2013), and digital T2DM management interventions and systems (Georgsson 

& Staggers, 2016; Hsieh et al., 2019). The original aim for study three was to obtain rich, 

detailed accounts of participants’ perceptions of, and experiences with the digital DPP. 

However, due to time and resource constraints that included restrictions regarding face-to-

face contact, focus groups were switched to online interviews, and the protocol was altered 
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significantly. This included formulating a new topic guide to address a much wider range of 

topics, and switching the data analysis strategy from thematic analysis in line with guidelines 

expressed by Braun and Clarke (2006), to a combined deductive and inductive content 

analysis (Elo & Kyngäs, 2008; Hsieh & Shannon, 2005). Despite this limitation, by shifting 

the primary focus from the digital DPP itself, over to the factors that determined its 

acceptability in study two, this research gained insight into the broader contextual factors that 

influence one’s decision to use a digital DPP. However, future research could use focus 

groups to explore people’s views of the programme during or after its use. 

Another limitation to this study was that the sample (all-female, predominantly white, 

with a relatively high level of education) does not reflect the overall target population for a 

digital DPP. However, all participants would still be eligible for referral to a DPP based on 

CDC standards (CDC, 2021d). For referral into the NHS-DPP, a blood test conducted within 

the previous 12 months must indicate the presence of non-diabetic hyperglycaemia (Valabhji 

et al., 2020), but as blood tests were not feasible for this study, the FINDRISC (Lindström & 

Tuomilehto, 2003) was used instead. 

Finally, as this study was conducted at a time when COVID-19 restrictions in Ireland 

were relatively strict, the views and perceptions of participants during this period may change 

once restrictions ease. However, with the prospect of emerging COVID-19 variants and 

concerns about the ability of the current vaccines to protect against these variants (Ciotti et 

al., 2022; Haque & Pant, 2022), future restrictions cannot be ruled out entirely. Therefore, 

understanding peoples’ experiences during periods of lockdown that act as barriers to 

successful behaviour change could help researchers to develop interventions that can adapt 

to, and accommodate these restrictions. For example, as participants in study three felt that 

their physical activity opportunities were limited due to the COVID-19 restrictions, the 

addition of online exercise classes to a digital DPP could encourage people to remain active if 

lockdowns are reinstated. 

6.4.2. Strengths and Limitations of the Overall Research 

 6.4.2.1. Mixed Methods Research Design. This programme of research adopted a 

mixed methods research paradigm, which can produce scientifically sound and transferable 

results by integrating qualitative stakeholder engagement with quantitative outcomes to 

inform the development, implementation, evaluation, and monitoring of interventions 

(Ivankova & Wingo, 2018). Quantitative methodologies were adopted in study one to identify 
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digital DPPs that were effective in achieving clinically significant weight loss, and to 

determine the frequency of BCT and digital feature use in effective versus non-effective 

interventions. However, there was some overlap with the qualitative paradigm in this study as 

a modified thematic analysis (e.g., Braun & Clarke, 2006) was used to identify the digital 

features. In study two, quantitative methods were applied to collect and analyse questionnaire 

data which was subsequently used to assess the digital health acceptability model. Qualitative 

methods were then used in study three to provide a better understanding of the factors that 

influence peoples’ intention to use a digital DPP. These methods facilitated a deeper 

explanation as to how and why several factors in study two were such strong predictors of 

digital DPP acceptability, and to explain the unexpected results. According to mixed methods 

research leaders, obtaining this ‘deeper understanding’ is a key reason why mixed methods 

approaches are used and recommended (Johnson et al., 2007). 

 A main strength of this research was the connectedness of all three studies. The 

identification of digital features in study one and the need to develop a greater understanding 

of participant engagement, informed the rationale, aims, and methods employed in study two. 

For example, the integration of modern measures of eHealth literacy into the research model 

was informed by the diversity of the digital features identified in study one. That is, study two 

sought to assess whether participants possessed the degree of eHealth literacy and readiness 

required to use a digital DPP effectively. Furthermore, the assessment of digital DPP 

acceptability aimed to ascertain ways through which researchers and developers could tailor a 

digital DPP and its communication strategies to make the programme more appealing and 

engaging for its target users. The research model in study two was then used to inform the 

extended research framework and interview guide in study three. In this final study, a subset 

of participants from study two were interviewed to explore their extended views and 

perceptions of the digital DPP and explain the factors predicting its intended use. This 

overarching ‘explanatory sequential’ study design adopted by this programme of research is a 

popular approach within the health sciences (Creswell et al., 2011). Each of the three studies 

was disseminated as independent manuscripts. However, in the introduction section of the 

latter two manuscripts, the findings of the study that preceded it were cited as rationales for 

that current study, thereby maintaining a flowing narrative.  

6.4.2.2. Use of Interdisciplinary Theories, Models, and Approaches. Another key 

strength of this research was its use of internationally recognised tools and approaches, and 

the application of interdisciplinary theories and models. In study one, the BCTTv1 was 
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applied to identify the active ingredients of effective digital DPPs. This taxonomy is 

predominantly used to retrospectively unpack complex behaviour change interventions plus 

identify potential correlates of successful behaviour change (Armitage et al., 2021), and was 

therefore the appropriate tool. Moreover, the transparent imputation process mitigated a key 

limitation of this taxonomy’s application; that is, the inadequate description of intervention 

content in published reports which makes BCT identification difficult (Lorencatto et al., 

2013). The complementary approach involving the identification and assessment of digital 

features addressed a second limitation of the BCTTv1, in that it was not originally designed 

to unpack DHTs. Moreover, as there is a lack of consensus on categories and definitions of 

digital features in the extended literature (Donevant et al., 2018), and no published digital 

feature taxonomy, a bespoke approach to digital feature identification was warranted.  

The research model and extended framework applied in studies two and three were 

informed by various theories and models from multiple fields of research. According to the 

MRC, the second step to developing a complex intervention is to develop a theoretical 

understanding of the likely process of change by drawing on existing theory, or performing 

new primary research to supplement existing theory (Craig et al., 2008). The intervention 

factors were based on constructs of the TAM (Davis, 1989), a model which originated in the 

field of information technology and is the most referenced and applied model of technology 

acceptance to date (Khan & Woosley, 2011; Marangunić & Granić, 2015). However, the 

TAM itself is informed by the psychological theories of Reasoned Action (Fishbein & Ajzen, 

1977), and Planned Behaviour (Ajzen, 1991). The Health Belief Model (Rosenstock, 1974), 

which is often applied in a health psychology context, informed the present model’s personal 

health factors, while the Lily Model (Norman & Skinner, 2006b) and TMeHL (Paige et al., 

2018) informed the eHealth literacy factors. The overall structure of the present model and 

extended framework, including the relationships between factors, were informed by the 

HITAM (Kim & Park, 2012), another composite model that has been used assess the 

acceptance of health information technologies. 

Overall, the present research model and extended framework represents a merging of 

multiple research fields. As a result of this evidence-based integration, the model was able to 

predict digital DPP use intentions to a relatively large degree. However, such level of model 

customisation could also represent a limitation when attempting to apply this model outside 

the context of digital T2DM prevention, as certain factors may not be relevant to other digital 

health interventions. For example, health status was operationalised by FINDRISC scores. 
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However, studies of other conditions would require different measures to assess health status. 

Additionally, the image factor–which reflects the belief that using DHTs, such as 

smartwatches or health apps, are a sign of prestige or social status–may not be relevant to 

other DHTs. For example, a recent study on smartwatch use found that aesthetics were a 

stronger predictor of continuous use than was perceived usefulness (Bölen, 2020). This 

suggests that smartwatches (which can be used by participants in digital DPPs to self-monitor 

their physical activity) may be perceived as fashionable, tapping into the concept of image as 

found in the present research. However, other DHTs such as digital blood glucose monitors 

that are used in the management of both T1DM and T2DM, may not be perceived as image-

enhancing as they are medical devices. Moreover, the use of such devices may be perceived 

by people with T2DM as negative because it could indicate to others the presence of a 

medical condition. According to the 2017 DiaTribe survey, which was issued to 12,000 

people with diabetes in the US, 76% and 52% of people with T1DM and T2DM respectively 

reported feeling stigmatised due to their condition (Barnard & Breton, 2018).  

6.4.2.3. Population Diversity. A clear limitation of this research was the limited 

diversity of its participants, particularly in studies two and three. While a sizeable proportion 

of participants in study two and all in study three represent a digital DPP’s target population, 

each sample is likely not representative of the overall population of adults at risk of 

developing T2DM currently residing in Ireland. While the exact demographics of Irish 

residents at risk of T2DM is unknown, the 2016 Irish Census found that 82% of all people in 

Ireland identified as white Irish, and 51% were female (Central Statistics Office, 2017a).  

In study one, of the 2,655 participants that were included in the systematic review, 

65% were female and 68% were white. Moreover, 5 of the 21 interventions targeted ethnic 

minorities, people of low socio-economic status, and/or non-white populations. Therefore, 

while those who were white and/or female constituted most of the pooled sample, there was 

still sizeable representation from non-females and people of non-white ethnic groups. This 

relatively high representation of ethnic minorities in the review could be due to the inclusion 

of smaller studies and/or those conducted within disadvantaged community settings. 

In study two, a comparatively large 76% of the sample was female. However, 80% 

were white Irish, which matched the proportion of those residing in Ireland. Additionally, 

0.95% of the sample were members of the Irish Traveller community, a figure also reflective 

of the national population according to the 2016 Irish Census (Central Statistics Office, 
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2017a). In addition to the proportionally high number of females, the study two sample had 

achieved a relatively high level of formal education, with 45% and 44% completing a 

postgraduate or undergraduate degree respectively. This indicates that 89% had obtained a 

third-level degree, more than double the national figure of 42% as reported through the 2016 

Irish Census (Central Statistics Office, 2017b). Further research involving individuals with 

less formal education is needed as these individuals may be at a disproportionally greater risk 

of developing T2DM. Many studies have identified a positive association between the level 

of education and health status, an association that is evident in men and women, and among 

all race/ethnic groups (Zajacova & Lawrence, 2018). Adults with less education have 

reported worse general health (Mirowsky & Ross, 2008; Zajacova et al., 2012), more chronic 

health conditions (Johnson-Lawrence et al., 2017), and more functional limitations and 

disabilities (Bruusgaard et al., 2010; Tsai, 2017). Lower levels of education are also 

associated with lower levels of health literacy (Vamos et al., 2020) which, according to a 

recent systematic review of reviews conducted by Caruso et al. (2018) is further associated 

with low T2DM knowledge. 

 The sample in study three was less diverse than study two, as it consisted only of 

women, of which 88% were white Irish. However, the level of education was almost identical 

to study two with 88% in possession of postgraduate and/or undergraduate degree. No 

member of the Irish Traveller community was included in this study as this group were 

difficult to reach. Only three members of this community participated in study two, limiting 

the pool of eligible participants for study three. It is important that future T2DM prevention 

studies engage with members of the Irish Traveller community as they experience 

significantly lower healthy life expectancy and disability-free life expectancy compared with 

the general population, according to the All-Ireland Traveller Health Study (Abdalla et al., 

2013). Additionally, Irish Travellers experience 16 to 17 more years of poorer health and are 

more likely to be categorised as disabled. Members of Travelling communities face 

challenges in accessing adequate and appropriate health care due to collective health beliefs 

(e.g., that health should be addressed within the family circle), or perceived discrimination 

from HCPs (Matthews, 2008). In view of this, there is the potential for a digital DPP to reach 

members of the Irish Traveller community. However further research is needed in the 

following areas. First, there is a lack of data on technology use among Irish Travellers. 

Comparable data on Gypsy and Traveller communities in the UK collected in 2018 suggests 

that more than half do not feel confident using digital technologies, only 38% had a 
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household internet connection, and only 40% use the internet daily (Scadding & Sweeney, 

2018). Second, members of the Traveller community may be less receptive to engaging with 

others online through a digital DPP if these other participants are not part of the same 

community. An opportunity could exist to tailor a digital DPP to facilitate connection 

between members of the Traveller community. However, future studies that exclusively 

recruit members of this community are needed to determine the most culturally appropriate 

avenues for T2DM prevention. 

6.4.2.4. Stakeholder Involvement. Successful integration of DHTs within the 

healthcare sector can be challenging, as the field contains an extended variety of 

stakeholders, each with their own needs, views, and resources. These stakeholders include 

end users (e.g., patients), health care staff and managers, project managers, information 

technology departments, technology innovators, and government officials. Effective 

collaboration between stakeholders can better facilitate the implementation of digital health 

interventions (Nilsen et al., 2020). 

Increasingly in healthcare, patients and members of the general public are specifically 

sought as partners in research design and operation (Maccarthy et al., 2019). This concept of 

public and patient involvement (PPI)–defined as research carried out with or by patients and 

those who have experience of a condition, rather than for, to, or about them–is now an 

expected component of health-related research activity in the UK (Holmes et al., 2019; 

Maccarthy et al., 2019). Engaging with patients is important as they usually understand their 

disease and lifestyle needs better than many HCPs, and patients can offer valuable insight 

into the types of research that would be most beneficial to them, especially on how to manage 

symptoms in a way that improves daily quality of life (Mader et al., 2018). In Ireland, the 

Health Research Board with support from the Irish Research Council, launched a joint 

initiative in 2017 entitled PPI Ignite, to support the efforts of higher education institutions to 

embed PPI into their organisational structures (Murphy et al., 2020). However, for many 

doctoral researchers, there continues to be strict time and financial constraints that make it 

challenging to implement PPI within their research projects, particularly if their programme 

is not set up to facilitate formal PPI support and training (Tomlinson et al., 2019). Further to 

this, reports have indicated significant disruption and reductions in PPI since the early phases 

of the COVID-19 pandemic due to lack of patient access, and the redundancy of previous 

methods of engaging with people throughout the research process (Carson et al., 2020; Chew‐

Graham, 2020; Leese et al., 2022). 
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Despite these barriers which resulted in the lack of formal PPI implementation within 

the present research, key stakeholders were consulted for each of the three studies. However, 

as participants in these studies were at risk of T2DM and not currently under care or 

receiving support for T2DM, they were referred to as members of the public rather than 

patients. First, the systematic review protocol for study one was informed by feedback 

received from members of the NCPD in Ireland. Members included a health researcher, 

dietitian, exercise therapist, health psychologist, general practitioner, and clinical 

endocrinologist. Additional feedback was sought from several adults at risk of developing 

T2DM. Second, the design of studies two and three, specifically, the inclusion/exclusion 

criteria, choice of screening tool, data collection methods, questionnaire design, interview 

guide content, and recruitment avenues, were all developed via discussion with members of 

the NCPD and adults at risk of developing T2DM. Third, those at risk of developing T2DM 

(the target users of a digital DPP) were identified in study two and subsequently interviewed 

in study three to explore their views and experiences. Although these points demonstrate 

consistent collaboration with key stakeholders, future research could benefit from a more 

formal implementation of PPI, particularly as COVID-19 restrictions ease and multi-modal 

access (e.g., both face-to-face and virtual) to patients and members of the public becomes 

available again. 

Further qualitative research on digital DPP acceptability should also include other key 

stakeholders as participants. In the UK, individuals who are identified as being at risk of 

T2DM via HbA1c blood glucose test are referred to the NHS-DPP by their GP (Frempong et 

al., 2021). However, it is up to the individual whether they wish to participate in the 

programme. Healthcare professionals such as GPs should also be considered target users of a 

digital DPP as, in addition to referring patients to the programme, they may need to assist 

patients in how to use DHTs (Ehn et al., 2019). Additionally, as digital DPPs enable 

participants to share data with their GP, system use and data interpretation may be required of 

these professionals if they are to provide the most up-to-date healthcare services (Fagherazzi 

& Ravaud, 2019). 

6.5. Implications for Research 

 This research has identified the need for a digital DPP in Ireland, and the findings 

have developed an evidence base to support the programme’s development and 

implementation. Through this research process, several additional research avenues were 

identified that if explored, could further advance the national and international evidence base 
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for T2DM prevention. First, additional research involving the use of key outcome measures 

in digital DPPs should be conducted. Additionally, digital DPP developers should identify 

ways to assess and integrate the most cost-effective intervention components. Finally, 

researchers, developers, and other key stakeholders in Ireland should incorporate the 

evidence from this research into a larger development, implementation, and evaluation plan 

that will facilitate the rollout of a national digital DPP, ether as a stand-alone programme, or 

in combination with a face-to-face stream. 

6.5.1. Extending the Evidence for and Use of Key Outcome Measures and Assessments 

 6.5.1.1. Diet and Physical Activity Assessments. All interventions assessed in the 

systematic review targeted diet and physical activity behaviours. However, only half of the 

studies reported data pertaining to these behaviours, making it impossible to determine which 

behaviours had the strongest effect on weight loss or other outcomes linked to the onset of 

T2DM such as blood glucose. Reviews of interventions for the management of T2DM have 

found that combined diet and physical activity interventions have performed better (Cradock 

et al., 2017; Umpierre et al., 2011) than interventions that target diet alone (Ajala et al., 2013) 

or physical activity alone (Avery et al., 2012) at improving blood glucose, body weight and 

BMI. As the evidence for a combined approach is strong, there is perhaps a reduced need to 

assess each approach in isolation in the context of a digital DPP. Notwithstanding this need, 

such comparison could be made in future digital DPP studies. For example, if a DPP achieves 

significant improvements in its outcome measures and reports high adherence to physical 

activity protocols but low adherence to dietary guidelines, this could indicate that physical 

activity has the stronger effect. While this method of assessment is less rigorous than 

comparing a diet-only against a physical activity-only group, it is still important to assess 

whether a behaviour change intervention was successful in changing its target behaviours, 

particularly if different approaches to diet or physical activity are used, as certain approaches 

may work better for certain groups in certain contexts. For example, in their recent 

assessment of a digital intervention based on the US NDPP, Painter et al. (2020) found that 

food logging had the largest impact on weight loss, followed by lesson engagement, and 

physical activity. 

  6.5.1.2. Cost-Effectiveness Assessments. Very few studies assessed the cost-

effectiveness of the reviewed digital DPPs, highlighting a notable research gap in the digital 

DPP literature. With growing and ageing populations and an ever-expanding range of 
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healthcare interventions, decision-makers are under increased pressure to effectively 

distribute scarce resources (Shields & Elvidge, 2020). For example, health institutions such 

as NICE in the UK consider cost-effectiveness analyses in conjunction with effectiveness 

assessments to determine their recommendations for the provision of treatments and 

healthcare services (McCabe et al., 2008). As noted in study one, there was wide 

heterogeneity between studies with regards to intervention intensity and the number of 

features employed. For example, the SMS-based intervention implemented by Wong et al. 

(2013) achieved modest reductions in T2DM incidence that were not statistically significant 

long term. However, this intervention contained only one digital feature and incurred a very 

small annual per-participant cost of US$21, resulting in a healthcare cost saving of US$1,020 

per participant (Wong et al., 2016). In comparison, the more intensive and effective US 

NDPP-based intervention assessed by Sepah et al. (2014) contained seven digital features at 

an annual cost of US$433, resulting in a saving of at least US$11,550 per participant (Chen et 

al., 2016). While these results suggest the latter intervention should be selected due to its 

greater effectiveness and cost savings, the former is also cost saving and could be more 

feasible to implement in healthcare systems that lack sufficient resources to finance a more 

intensive intervention. 

 6.5.1.3. Data on Type 2 Diabetes Incidence. A further knowledge gap identified by 

this research was the lack of data on the incidence rates of T2DM. Such data was used to 

provide evidence for the effectiveness of both the landmark US-DPP and Finnish DPS trials. 

However, although many of the interventions reviewed in study one achieved clinically 

significant weight loss or significant improvements in blood glucose measures, it is unknown 

if these improvements led to the prevention of T2DM. A recent study of the digital stream of 

the US NDPP reported 22% fewer cases of T2DM among the intervention group at one year 

when compared with a matched control group (Castro Sweet et al., 2020). However, the 

authors recommend the use of longer follow-up periods for a more accurate assessment of the 

intervention’s effect on T2DM incidence. In a longitudinal study of 10,796 patents with 

PDM, 404 (3.7%) had progressed to T2DM at one year, and 1,845 (17.1%) had progressed at 

five years (DeJesus et al., 2016). This suggests that it could take up to five years for 

conclusive evidence on T2DM incidence to be established, as digital DPP studies tend to 

have relatively low sample sizes, and the incidence rate would need to be high enough for 

there to be sufficient case numbers to confidently assess the intervention’s performance 

against a comparator. The outcome of T2DM incidence is important, as the landmark JDPP 
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and IDPP trials found that incidence could be significantly reduced despite relatively modest 

weight loss. This has wider implications as potentially effective interventions could be 

discontinued prematurely if they do not meet the 5% weight loss target. 

 6.5.1.4. The Need for Detailed User Engagement Assessments. Only a small 

number of the studies included in the systematic review reported data on participant 

engagement, and in nearly all cases, this data was not linked to the intervention outcome 

measures, making it difficult to determine the effect of engagement on weight loss or blood 

glucose. For example, Castro Sweet et al. (2018) assessed programme assessment by 

obtaining data for website logins, weigh-ins, meals tracked, exercise tracked, lesson 

completion, heath coach interactions, and group discussions; and reported a mean weekly 

score for each. However, this data alone does not indicate which features had the strongest 

impact on behaviour change or the primary outcome of proportional weight loss. Sepah et al. 

(2017) did assess the effect of engagement on weight loss by conducting a regression analysis 

which found the number of participant logins and group interactions to be a significant 

predictor. However, lesson attendance and tracking consistency did not predict weight loss. 

The limitation of this analysis was the combining of multiple features into these two 

predictors, but this was largely a statistical decision as the authors obtained data on seven 

engagement metrics and identified the two key predictors via factor analysis.  

 Even in cases where measures of engagement are linked with intervention outcomes, 

the measures themselves may be inadequate if they cannot assess whether participants were 

actively engaged with the programme, or simply completing assigned tasks in a cursory 

manner. The concept of engagement is relatively complex, and exists, according to Yardley et 

al. (2016), at both the micro- and macro- levels. The microlevel involves moment-to-moment 

engagement with the intervention, whereas the macrolevel consists of deep involvement with 

the behaviour change process and is closely tied to the intervention’s behaviour change goals. 

The measures of engagement used by Castro Sweet et al. (2018) were limited to the 

microlevel. While the authors did provide data on feature usage, this does not indicate the 

participants’ depth of involvement, and therefore only a surface-level assessment of 

participant engagement can be obtained. For example, the authors assessed engagement using 

the number of group discussions to which participants contributed. However, study three 

found that several participants frequented online discussion groups only to absorb the 

information and not contribute to the discussion themselves. One digital DPP participant may 

post frequently on social topics outside the scope of the programme and its goals. A second 
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participant may never post, but instead, read every other post before using the information 

gained to make lifestyle changes that enable them to achieve their goals. If engagement here 

was assessed by post count or one’s level of contribution to the discussion, participant one 

would appear highly engaged, and participant two would appear disengaged. However, if 

engagement were assessed on a macro level, participant two could be considered more 

engaged as they are using a key programme feature in a goal-driven manner to directly 

facilitate behaviour change. 

Considering these points, future studies of digital DPPs should not only assess the 

impact of participant engagement on key outcome measures, but also assess engagement at 

both the micro- and macrolevels. According to Short et al. (2018) the best measurement 

approach for assessing engagement in digital health interventions will likely depend on the 

stage of research and the specific research context, although there are benefits from using 

multiple methods and combining the data. For example, semi-structured interviews or focus 

groups could be combined with self-report questionnaires to offer a mixed methods approach, 

assessing engagement at the micro- and macrolevels. This would then be combined with the 

feature or service usage data. 

6.5.2. Identification and Integration of Cost-Effective Intervention Components 

 The identification of effective BCTs and digital features in study one represents a 

positive step toward the development of an effective digital DPP. However, while the 

systematic review identified components that were commonly found in effective 

interventions, it could not assess the strength of each component’s individual effect, or the 

combined effect of multiple components. Evidence suggests that intervention components 

can interact and have cumulative or potentially synergistic effects (van Genugten et al., 

2016). Statistical techniques such as meta-regression have been used to ascertain the effect 

sizes of individual BCTs (Samdal et al., 2017), while meta-CART analysis has been used to 

measure the synergistic effect sizes of various combinations of BCTs (Dusseldorp et al., 

2014). However, such analyses were not possible in study one as there was insufficient data 

on proportional weight loss to obtain the effect size estimates required to conduct either 

analysis. Rather than conducting additional post hoc intervention component assessments, 

developers of future digital DPPs could assess the effectiveness of each component before the 

intervention is assessed as a complete package. 
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 Approaches such as the Multiphase Optimization Strategy (MOST; Collins et al., 

2007) could be used in the development and evaluation of a digital DPP. In this three-phase 

approach, the most effective components identified in study one could be used to create a 

‘first draft’ of the intervention. Next, the draft intervention can be ‘refined’, a process through 

which optimal doses of each technique or feature are identified and varied based on the 

individual or group characteristics. This dosage could either be informed by the findings from 

study three, additional studies of digital DPPs, or through experimentation. Finally, the 

optimised intervention can be evaluated via standard RCT. As study three identified the need 

for an adaptable programme, a Sequential Multiple Assignment Randomised Trial (SMART) 

approach could be used to confirm the effectiveness of the intervention, as it could test a 

range of different strategies within the same programme (Collins et al., 2007). For example, 

in a digital DPP, alternative strategies could be tested in cases where a participant either: (a) 

engages with the social support feature, or (b) disengages from this feature. Under each 

condition, one or more alternative strategies could be tested. The SMART approach could be 

used to identify intervention strategies that could still be effective in cases where participants 

choose to opt out of peer support entirely. Recent weight loss and physical activity studies 

have applied SMART designs to identify the most effective adaptive interventions and to 

inform the development of effective individualised treatment approaches (Buchholz et al., 

2020; Sherwood et al., 2022).  

6.5.3. Next Steps for the Rollout of an Irish Digital Diabetes Prevention Programme 

 This research has laid the foundation for the development and implementation of an 

Irish digital DPP. However, as a face-to-face pilot DPP has been proposed for Ireland (Pierse 

et al., 2021), the development and implementation of a digital DPP will likely fall under a 

wider national DPP strategy that incorporates both online and face-to-face delivery to 

maximise the programme’s coverage and minimise access disparities. It should then be 

decided if the digital and face-to-face programmes will be developed, assessed, and rolled out 

simultaneously, or if the digital programme will roll out only after the face-to-face 

programme has been running for several years, as was the approach adopted by the US NDPP 

and NHS-DPP. In either case, further research, collaboration, and evaluation is needed before 

a digital DPP can be implemented in routine practice. Based on the updated MRC framework 

for developing and evaluating complex interventions (Skivington et al., 2021), further digital 

DPP research and design should be undertaken through four dynamic phases. First, the 

programme should be developed as a new intervention, or adapted from an existing 
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intervention. Second, this intervention should undergo feasibility and acceptability testing. 

Third, the intervention should be evaluated using appropriate methods. Finally, the 

intervention will be implemented, with efforts made to increase uptake and impact.  

 6.5.3.1. Phase One: Develop or Identify a Complex Intervention. The systematic 

review identified effective interventions and their active ingredients. The developers of the 

Irish digital DPP could adapt one of the reviewed interventions, or design one from scratch 

using the BCTs and digital features associated with intervention effectiveness. Regardless of 

the approach selected, the programme can be tailored to best fit the Irish context by using the 

findings from studies two and three. As Ireland is now recognised as a top five global hub for 

digital health and medical technologies (Ibec, 2020), its digital health ecosystem is well-

placed to develop a ‘home grown’ DPP. Through the ‘Stay Left, Shift Left’ digital innovation 

strategy, the HSE has already collaborated with Irish start-ups and small- to mid-size 

enterprises to develop digital solutions to prevent chronic disease (HSE, 2020a). An 

alternative approach would be to partner with one of the offshore developers currently 

involved with the NHS-DPP digital pilot, as the lessons learned from this pilot could inform 

the feasibility of the digital DPP in Ireland.  

 6.5.3.2. Phase Two: Feasibility and Acceptability Assessment. In this phase, the 

MRC (Skivington et al., 2021) recommends a feasibility study to assess predefined 

progression criteria that relate to the evaluation design (e.g., recruitment, data collection, 

retention, outcomes, and analysis) or the intervention itself (e.g., optimal content and 

delivery, acceptability, adherence, cost-effectiveness, or capacity of providers to deliver the 

intervention). Feasibility and/or acceptability studies of this type have been conducted on 

Digital DPPs in both the US and the UK. In the US, Fontil et al. (2016) conducted an 

adaptation and feasibility study of a digital DPP for low-income patients. This programme, 

adapted from the US NDPP, was a collaboration between an academic research team and 

Omada Health, a digital health developer. The team used a four-phase user-centred approach 

to design a programme prototype. First, focus groups were conducted to understand the needs 

and perspectives of end users. Second, based on this feedback, the US NDPP sign-up process 

and curriculum were adapted. Third, a feasibility study was conducted to test the modified 

programme on 23 participants. Finally, the team provided and adopted recommendations for 

an updated programme to be assessed in a larger RCT. In the UK, Cassidy et al. (2019) 

designed a pilot study to assess the feasibility of a digital programme (smartphone app plus 

remote tele-coaching) for adults with PDM. The objectives of this study were to: (1) assess 
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the feasibility of participant recruitment, (2) assess the intervention’s acceptability among 

target users, (3) assess adherence to and completion of the intervention, (4) assess 

intervention fidelity, and (5) conduct a qualitative process evaluation with participants to 

identify enablers and barriers to programme completion.  

 6.5.3.3. Phase Three: Intervention Evaluation. In this phase, an evaluation is used 

to not only determine whether the intervention works in achieving its outcomes, but to 

identify additional impact, theorise how it works, understand how it interacts within the 

context in which it is implemented, how it contributes to system change, and how the 

findings can be used to support real-world decision making (Skivington et al., 2021). 

According to the MRC, a crucial aspect of evaluation design is the choice of outcome 

measures or evidence of change (Skivington et al., 2021). When evaluating the Irish digital 

DPP, appropriate measures of dietary intake, physical activity and engagement should be 

used, as these outcomes will help to determine the programme’s mechanisms of action, or 

how target outcomes such as weight loss and reductions on T2DM incidence were achieved. 

The evaluation could take the form of a rigorous RCT such as the aforementioned SMART 

trial (Collins et al., 2007). Additionally, a process evaluation can be used to assess the 

programme’s fidelity and implementation quality (Moore et al., 2015). A recent document 

analysis study by Hawkes et al. (2022) assessed the fidelity of the BCT content in the NHS-

DPP digital pilot, and found the fidelity in the digital programme to be higher than that of the 

face-to-face programme. Such an assessment will be important for the Irish digital DPP, as 

interventions that maintain a high level of fidelity are more likely to be effective (Hankonen, 

2021).  

 6.5.3.4. Phase Four: Programme Implementation. In this final phase, the Irish DPP 

is implemented in the real world, and its uptake and sustainability evaluated. Highly 

pragmatic effectiveness trials or specific hybrid effectiveness implementation designs can be 

used to combine effectiveness and implementation outcomes in one study to reduce the time 

needed to translate what works into routine practice (Skivington et al., 2021). During its 

implementation, the digital DPP can be altered to suit different contexts. For example, digital 

programmes based on the US NDPP were delivered to diverse populations including young 

adults (Cha et al., 2014), older adults (Barthold et al., 2020), and individuals residing in 

disadvantaged areas (Auster-Gussman et al., 2022). In each case, adaptations to the 

programme’s delivery were required to suit each context. Although fidelity is an important 

precursor to intervention effectiveness, an Irish DPP can be altered if it is to be implemented 
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and evaluated in different settings. However, it is important that the key functions of the 

programme are maintained, and that any adaptations or alterations to the programme’s 

delivery are well documented and clearly understood (Moore et al., 2021). To determine the 

real-world impact of the programme in Ireland, it is important to obtain extended follow-up 

data regarding the estimated number of prevented cases of T2DM, and how this translates to 

reductions in national healthcare expenditure. 

6.6. Implications for Policy 

 Two key policy implications were identified through this research. First, the 

accessibility of healthy foods in Ireland, particularly with regards to its affordability, should 

be examined prior the implementation of a digital DPP. In study three, the high cost of 

healthy food was identified as a main barrier to healthy eating. This limited affordability is a 

common perceived barrier in many high income countries, and is most prevalent among 

individuals of low socio-economic status (Zorbas et al., 2018). However, data on food 

affordability and accessibility in Ireland tells two contrasting stories. According to a 2021 

report conducted by Safefood (2021), low-income households in Ireland spend up to 35% on 

their take-home income to buy a healthy minimum essential food basket that is both realistic, 

acceptable, and nutritionally adequate. As food is a flexible part of a family’s budget, and 

more controllable than other costs such as rent and utilities, the unavoidable priority for many 

limited income families is to reduce food expenses by consuming cheaper foods that often 

have lower nutritional quality (Irish Heart Foundation, 2019). However, according to the 

2021 Global Food Security Index report published by Economist Impact (2021), Ireland is 

ranked number one in the world on overall food security (out of 113 index countries, 26 in 

Europe), ranking 2nd on food affordability, and 8th on food availability. Although this index 

represents the affordability of all foods and not just those considered healthy, it highlights the 

equity potential for the Irish food environment. Therefore, T2DM prevention efforts should 

be supported through population-wide policies and initiatives that improve nationwide access 

to healthy food. As healthy food consumption is encouraged in a digital DPP, all participants 

must have sufficient access to nutritious foods if the programme is to be effective, 

particularly among lower income groups. An additional strategy could involve the 

distribution of vitamin and mineral supplements to individuals and groups who are at risk of 

T2DM and have limited access to adequate healthy food, specifically those nutrients with 

confirmed links with T2DM risk reduction. However, this may only solve issues of 
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undernourishment regarding certain nutrients and may not affect the problematic 

consumption of calorie-dense, nutritionally poor foods. 

 The second policy implication is closely linked to the first as it also involves healthy 

eating practices. In study three, the two prominent facilitators for healthy eating were being 

proactive and knowledge is key. Through these themes, participants stated that batch cooking, 

pre-planning meals, organising shopping trips around healthy eating, and simply having the 

appropriate nutritional knowledge were the key factors that enabled them to eat healthily. 

Evidence supports this relationship between food literacy–defined as the range of knowledge 

and skills needed to use food–and the food choices people make (Safefood, 2016). In an Irish 

Safefood (2016) study, a sample of over 1,000 adults were assessed on their cooking skills 

confidence and food skills confidence via questionnaires of 14 and 19 items respectively. 

Items were rated on a scale of 1 (very poor) to 7 (very good). The mean cooking skills 

confidence score was 47.8 of a possible 98, and the mean food skills confidence score was 

45.8 of a possible 133. This suggests that many Irish adults have low confidence in both 

preparing and planning their meals. Supporting the findings of study three, scores for cooking 

and food skills confidence were each positively associated with scores on the Eating Choice 

Index, suggesting that confidence levels predict healthier eating choices. Sub-group analysis 

revealed that younger adults (age 20 to 39), males, and those with no secondary education or 

higher were each significantly less confident than their respective comparison groups of older 

adults (age 40 to 60), females, and those with secondary or greater education. However, there 

were no significant differences in either cooking or food skills confidence between those of 

high and low socio-economic status. 

 The Community Food Initiative programme developed by Safefood (2022) was 

implemented to help families with children in low-income communities to develop various 

skills and knowledge on healthy eating, healthier shopping, and cooking. However, given that 

cooking and food skills confidence in Ireland is low across the socio-economic spectrum, 

additional initiatives may be required to improve these skills and aid in the prevention of 

T2DM. For example, an Irish digital DPP could include the delivery of food and cooking 

skills training remotely, either live via webinar, or through pre-recorded content. At the 

population level, upstream initiatives should also be considered, such as the delivery of food 

and cooking skills classes in primary and/or secondary schools. While cooking skills 

interventions tend to target all age groups, an Irish cross-sectional study found that the 

optimal period for learning these skills is in early childhood (under 12 years of age) and the 
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teenage years, as these learners had significantly greater numbers of, and confidence in, their 

cooking and food skills, cooking practices, cooking attitudes, diet quality and health status 

when assessed against adult learners (Lavelle et al., 2016). One disadvantage regarding the 

prioritisation of nutrition education in early childhood, is that it could take many years for its 

impact to be reflected in reduced rates of adult T2DM incidence. 

6.7. Implications for Practice 

 Multiple referral pathways exist for digital DPPs in the US and the UK. In the US, the 

main source of referral is through primary care where eligible participants are identified 

through their primary physician or electronic health record and then referred to the 

programme through their respective health centres (Almeida et al., 2020; Katula et al., 2022; 

Kim et al., 2018). In the UK, the most common referral pathway is through primary care and 

general practice, or at NHS health checks which are offered at no cost to adults aged 40 to 74 

every five years to determine their risk of developing heart disease, stroke, kidney disease, or 

T2DM (NHS England, 2022; Ross et al., 2022). Given the reliance on primary care in the 

referral process, there must be a high degree of buy-in from GPs and other HCPs in Ireland to 

maximise referrals and programme uptake within a digital DPP. The results of study three 

support this as participants stated they would be more likely to try the programme if it was 

recommended by their GP. 

According to a qualitative study of the face-to-face NHS-DPP, one key barrier to 

programme participation at the point of referral was the inconsistency of information 

provided by GPs and other HCPs on what the programme actually involved, causing 

apprehension among prospective participants (Rodrigues et al., 2020). In this same study, key 

stakeholders which included service users, referrers, and programme delivery personnel, 

identified the point of referral as a window of opportunity to offer brief advice, promote 

behaviour change, and to provide an understanding of T2DM risk and details of the 

programme. In Ireland, the HSE have implemented the ‘Making Every Contact Count’ 

programme which enables and encourages HCPs to apply brief behavioural interventions in 

routine healthcare consultations to support patients in making health behaviour changes 

(HSE, 2016; Meade et al., 2022). In the context of T2DM prevention, this would involve a 

discussion on physical activity and nutrition with patients or clients that are at risk. However, 

research has indicated that the majority of medical students, doctors, and nurses in the UK, 

Ireland, and abroad–despite recognising the importance of nutrition in preventive healthcare–

are not confident in their nutrition knowledge, frequently citing a lack of confidence and time 
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as barriers to providing nutritional advice to patients (Crowley et al., 2019; Macaninch et al., 

2020; Ní Chonaill et al., 2022; O′ Connell et al., 2018). This suggests that HCPs may not be 

well-equipped to advise patients or clients on the health behaviour changes they can make to 

prevent T2DM. In study three, several participants felt they received little support and 

understanding from their GP or other HCPs regarding T2DM. This included the perception 

that HCPs lacked the time or knowledge to assist, and in some cases, participants felt 

dismissed and judged negatively because of their body weight. 

For a digital DPP to have sizeable impact through primary care or general practice, 

several research avenues, initiatives, and communication strategies should be considered. 

First, the research model and extended framework for digital DPP acceptability should be 

modified and applied in a study that assesses the programme’s acceptability among GPs and 

other HCPs in Ireland. One participant in study three suggested that their GP would be 

vehemently against the use of DHTs in healthcare. This supports the findings of O’Connor et 

al. (2015) who found that many healthcare staff responsible for recruiting digital health users 

held traditional perceptions of care and did not see the need for DHTs, and did not view them 

as beneficial. This resulted in fewer referrals. It is therefore important to obtain a broader 

picture of DHT acceptability among HCPs in Ireland to identify the facilitators and barriers to 

their endorsement of a digital DPP. Second, initiatives to stimulate primary care buy-in 

should be implemented so that individuals eligible to enrol in the programme are learning of 

the programme through their GP and are offered a place. According to Stokes et al. (2019), 

who reported the ‘lessons learned’ from the implementation of the face-to-face NHS-DPP, 

the programme needs to be well promoted in primary care to generate awareness. It was 

found that after the programme had been implemented, many GPs still did not know what it 

was outside of knowing that it was a lifestyle programme. Whether this limited understanding 

was due to a lack of education regarding the programme or a lack of interest, the authors 

found that the provision of education and financial incentives to general practices could be 

used to encourage buy-in and increase referrals. Third, the way in which HCPs address issues 

of body weight and T2DM risk with their patients should be assessed further. Without using 

the word ‘blame’ explicitly, several participants in study three alluded to the stigmatisation of 

their body weight by HCPs. One participant stated they were ‘given out to’ or scolded about 

their weight; another stated that they received no advice except to hire a personal trainer; and 

a third participant who suffered from serious foot pain stated that their dietician did not 

believe the pain existed, or that it could be serious enough to prevent exercise. Weight stigma 
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has been associated with adverse physiological and psychological outcomes such as obesity, 

depression, anxiety, and low self-esteem; and can increase the risk of T2DM (Pearl et al., 

2020; Wu & Berry, 2018). This stigma is often informed by stereotypes that describe people 

wither higher body weights as lazy and lacking self-control, along with the perception that 

body weight is controllable, which places blame directly on the individual if they are unable 

to control their weight (Pearl, 2020). 

While it is important to encourage GPs to refer people at risk of T2DM to the digital 

DPP, a patient or client may develop a negative view of the programme if the referral is 

associated with perceived weight stigma or personal judgement. Both the US NDPP and 

NHS-DPP are promoted by their respective facilitators as ‘lifestyle programmes’. However, 

this term can be interpreted in different ways. On one hand, the term could suggest that 

T2DM is solely reflective of one’s lifestyle choices. Choice could imply responsibility, which 

can incite blame or lead to personal feelings of guilt, such as that described by a participant in 

study three. When referred under this condition, the programme could be perceived 

negatively. On the other hand, the true aim of the programme is to encourage the types of 

sustainable health behaviour change that can fit seamlessly into one’s existing lifestyle. That 

is, becoming more active and energetic, but not exhausting oneself through laborious 

exercise. It is also about eating a balanced and nutritious diet, rather than restricting or 

‘dieting’. For a digital DPP to be successful through general practice, it could best be 

expressed as a programme that can improve one’s day-to-day energy and augment one’s 

quality of life, rather than as a programme that corrects obesity, prevents disease, and 

decreases mortality. In the context of massage framing (see Rothman et al., 2006), this would 

suggest a recommendation for the use of gain-framed messages, which emphasise the 

benefits of performing a behaviour (e.g., more energy and vitality), as opposed to loss-framed 

messages which emphasise the costs of not performing a behaviour (e.g., becoming ill). 

However, studies assessing the effectiveness of gain-framed versus loss-framed messages in 

T2DM prevention and management have reported mixed results (e.g., Goh et al., 2021; Grady 

et al., 2011; Lee & Gu, 2009; Park et al., 2020; van't Riet et al., 2010). Therefore, future 

research should examine the use of gain-framed and loss-framed messages in the context of a 

digital DPP and assess the effect of these messages on programme acceptability and 

subsequent adoption. 
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6.8. Conclusion 

Type 2 diabetes mellitus represents a significant global public health concern and 

economic burden. In efforts to slow the escalating trend of T2DM incidence, several 

countries have implemented a national DPP that empowers people at risk of the disease to 

improve their eating behaviours, increase their level of physical activity, and maintain a 

healthy weight. These programmes have since been adapted for digital delivery, enabling 

users to engage with the programme online via computer or smartphone. This research has 

built an evidence base for the development and implementation of a digital DPP in Ireland, 

where its findings have identified ways through which the programme can maximise its 

effectiveness and engagement. Avenues to further extend the global evidence base regarding 

digital DPPs, and to support the prevention of T2DM in Ireland at both the practice and 

policy levels were also identified through this research. 

The research found that technology-driven T2DM prevention interventions can 

achieve clinically significant weight loss, improvements in blood glucose, and reductions in 

T2DM incidence. However, this effectiveness was mostly limited to the short-term, with the 

evidence for long-term effectiveness unclear. To maximise effectiveness and potential 

engagement, the Irish digital DPP should include, at minimum, BCTs and digital features 

pertaining to social support, goal setting, feedback, self-monitoring, problem solving, health 

and lifestyle information and advice, and online health coaching. Problem solving exercises 

facilitated by an online health coach are particularly important for long term effectiveness. To 

further extend the evidence base regarding digital DPPs, key outcomes pertaining to dietary 

intake, physical activity, T2DM incidence, cost-effectiveness, and user engagement should be 

assessed, as these outcomes are often understudied and/or underreported. Such measures may 

provide a complete picture of a programme’s impact by identifying its mechanisms of action, 

its effect on the nation’s T2DM incidence rate, and whether this effect translates into 

reductions in national healthcare expenditures. 

To enhance the acceptability and engagement potential of an Irish programme, further 

public education regarding the seriousness of T2DM is required, particularly for those at 

higher risk. The programme and its communication strategies should also be tailored to suit 

the diverse needs and interests of its target users, particularly in the areas of goal setting 

social support, and information plus data sharing. Further research is needed to identify 

appropriate avenues for programme tailoring to engage populations in Ireland that were 

underrepresented in this research, such as socio-economically diverse groups, members of the 
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Irish Traveller community, and men and non-binary individuals. Additional research 

involving HCPs in Ireland regarding the acceptability of a digital DPP is also required, as 

buy-in from these professionals is important to maximise programme referrals. To further 

support the efforts of a digital DPP, policies that ensure population-wide access to and 

affordability of heathy foods should be implemented, as should the provision of cooking and 

food skills education and training. Such population-level initiatives, when combined with a 

national digital DPP, could facilitate an equitable and impactful approach to T2DM 

prevention in Ireland. 
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Appendices 

 

Appendix A: Article-Based PhDs: Guidelines for the College of Arts, Social Sciences, 

and Celtic Studies 

 

General Comment 

The standard of scholarly achievement and professionalism expected of an article-

based PhD is identical to that expected of the traditional monograph-type thesis. An article-

based PhD will be no less rigorous academically than a monograph and should still not 

exceed 80,000 words as per university norms. Reference also section 6.2.6 ‘article-based’ 

PhD in the university guidelines for research degree programmes. 

Relevance to disciplines within the College 

It is recognised that article-based PhDs are not equally relevant to all disciplines 

within the College. Certain disciplines or sub-disciplines (for example Physical Geography, 

Archaeology, Psychology, Social Work and Education) are more likely to encounter greater 

take-up of this format among their doctoral students. The traditional monograph route is the 

preferred option in Humanities, Languages, Literatures & Cultures and in many sub-

disciplines of Sociology & Political Science and of Geography and Archaeology. There is 

no obligation on any discipline within the College to promote the article-based format over 

the traditional monograph format. The decision of a student to avail of this format should 

be made early in the PhD in accordance with the norms of the discipline and with the 

agreement of the supervisor(s) and GRC. 

The Number and Status of Publications 

A minimum number of substantial articles, based on the disciplinary norm, should make 

up the core of an article-based PhD thesis: 

• In Geography, a minimum of three articles should make up the core, where the PhD 

candidate is the primary author. 

• In Archaeology, a minimum of three articles should make up the core, where the PhD 

student is the single author. 

• In both Geography and Archaeology, two of the articles should have been accepted 

for publication by internationally peer-reviewed journals relevant to the discipline in 

question, with the third submitted for review. 
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• In Psychology, three articles should make up the core of the PhD, with 2 of these 

accepted for publication and the third submitted for review. 

• In Education, a minimum of two accepted substantial single-authored articles are 

required. 

• In Political Science and Sociology, a minimum of three accepted articles are required. 

Further articles may also be submitted. In the case of jointly-authored articles (for 

instance, in Geography), the applicant should be the primary author and must be capable of 

demonstrating that he/she made a substantial contribution to them. These articles should have 

either been published or have been accepted for publication by highly-ranked peer-reviewed 

journals relevant to the discipline in question. In the case of material accepted for publication, 

the student’s supervisor/GRC must be able to verify that the manuscript has passed all stages 

of the peer review process. 

The PhD thesis containing these articles should make a coherent and substantial 

contribution to knowledge in a specific field in order to qualify for award of the PhD degree. 

In the case of jointly-authored papers, the candidate’s contribution to the authorship 

and content of the papers must be made explicit in the other required material for PhD thesis. 

It is the responsibility of the supervisor and GRC to sign-off that the candidate’s work 

is worthy of PhD thesis for examination (EOG-020 Approval for Examination form). In other 

words, the supervisor and GRC should have reached a judgement that, in their view, the 

student’s work is of the standard to merit the award of a PhD. During the viva, close attention 

should be paid to the nature and quality of the articles, and in the case of jointly-authored 

material, to the student’s role in it. It must be emphasised that the examiners retain final 

judgment on the quality of the thesis. 

Required Material 

In addition to the articles, the PhD thesis must include the following, subject to 

disciplinary norms: 

• a thorough critical review of previous scholarship and literature on the topic. 

• a chapter locating the candidate’s work within the existing scholarship, which will 

explicitly articulate the key research question(s) addressed by the candidate and the 

chosen methodology/theoretical framework, as appropriate. 
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• a concluding chapter, which draws the substantive material in the articles together so 

as to demonstrate their coherence and the full extent of their contribution to 

knowledge. 

• in the case of jointly-authored papers (for instance, in Geography), the candidate’s 

contribution to the authorship and content must be made explicit in this section. 

• a full bibliography. 

Supporting or Supplementary Material: 

As appropriate to the discipline, the PhD thesis may be supported by appendices 

consisting of, but not limited to, the following kinds of information: 

• Databases of key evidence. 

• Lists and examples of archival material consulted. 

• Research questionnaires, such as those used in the Social Sciences. 

• Statistical analyses of full data sets. 

Such detail is often inappropriate in the context of a journal, where word-counts are at 

a premium, but are essential in the context of a PhD thesis for a PhD. 
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Appendix B: PRISMA Checklist (Study One) 

Section/topic # Checklist item 
Reported 

on page # 

TITLE    

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1 

ABSTRACT    

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 

criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 

implications of key findings; systematic review registration number. 

2 

INTRODUCTION    

Rationale 3 Describe the rationale for the review in the context of what is already known. 4-6 

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS). 

7 

METHODS    

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number. 

7 

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale. 

7 

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 

additional studies) in the search and date last searched. 

8 

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 

repeated. 

Supp. File 

2 

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 

included in the meta-analysis). 

8 

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 

for obtaining and confirming data from investigators. 

8-11 

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 

simplifications made. 

8-11 

Risk of bias in individual 

studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 

done at the study or outcome level), and how this information is to be used in any data synthesis. 

11 
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Section/topic # Checklist item 
Reported 

on page # 

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). NA 

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis. 

11 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 

reporting within studies). 

NA 

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 

which were pre-specified. 

NA 

RESULTS    

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram. 

12 

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 

provide the citations. 

12-13 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 13 

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 

14-18 

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. NA 

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). NA 

Additional analyses 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). NA 

DISCUSSION    

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers). 

18-22 

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 

identified research, reporting bias). 

23-24 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 25-26 

FUNDING    

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review. 

26 
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Appendix C: Systematic Review Search Strategy (Study One) 

PubMed 

1. Diabetes Mellitus, Type 2 [MeSH Term] 

2. Prediabetic State [MeSH Term] 

3. 1 OR 2 

4. Preventive Health Services [MeSH Term] 

5. Risk [MeSH Term] 

6. Risk Reduction Behaviour [MeSH Term] 

7. Education* [Text Word] 

8. Intervention* [Text Word] 

9. Prevention [Text Word] 

10. Program* [Text Word] 

11. OR 4/10 

12. Cell Phone [MeSH Term] 

13. Computers [MeSH Term] 

14. Computers, Handheld [MeSH Term] 

15. Electronic Mail [MeSH Term] 

16. Fitness Trackers [MeSH Term] 

17. Internet [MeSH Term] 

18. Mobile Applications [MeSH Term] 

19. Multimedia [MeSH Term] 

20. Smartphone [MeSH] 

21. Social Media [MeSH Term] 

22. Software [MeSH Term] 

23. Telemedicine [MeSH Term] 

24. Telephone [MeSH Term] 

25. Television [MeSH Term] 

26. Text Messaging [MeSH Term] 

27. Video Games [MeSH Term] 

28. Video-Audio Media [Publication Type] [MeSH Term] 

29. Virtual Reality [MeSH Term] 

30. Wearable Electronic Device [MeSH Term] 

31. Webcasts [Publication Type] [MeSH Term] 
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32. Digital [Text Word] 

33. DVD* [Text Word] 

34. Electronic [Text Word] 

35. Online [Text Word] 

36. Pedometer* [Text Word] 

37. Sensor* [Text Word] 

38. SMS [Text Word] 

39. Technolog* [Text Word] 

40. TV [Text Word] 

41. OR 12/40 

42. Adipose Tissue [MeSH Term] 

43. Blood Glucose [MeSH Term] 

44. Body Mass Index [MeSH Term] 

45. Body Weight [MeSH Term] 

46. Body Weight Changes [MeSH Term] 

47. Glucose Intolerance [MeSH Term] 

48. Glucose Tolerance Test [MeSH Term] 

49. Glycated Hemoglobin A [MeSH Term] 

50. Incidence [MeSH Term] 

51. Prevalence [MeSH Term] 

52. Waist Circumference [MeSH Term] 

53. Waist-Hip Ratio [MeSH Term] 

54. OR 42/53 

55. 3 AND 11 AND 41 AND 54 

56. Diabetes Mellitus, Type 1 [MeSH Term] 

57. 55 NOT 56 

CINAHL, EMBASE, MEDLINE, PsycINFO 

1. Diabet*.ti. 

2. Prediabet*.ti. 

3. Pre-diabet*.ti. 

4. OR 1/3 

5. Education*.ti. 

6. Intervention*.ti. 
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7. Prevent*.ti. 

8. Program*.ti. 

9. (risk adj2 reduc*).ti. 

10. OR 5/9 

11. “Social media”.tw. 

12. App.tw. 

13. Apps.tw. 

14. Computer.tw. 

15. Digital.tw. 

16. DVD*.tw. 

17. eHealth.tw. 

18. e-Health.tw. 

19. Electronic.tw. 

20. eMail*.tw. 

21. Internet.tw. 

22. mHealth.tw. 

23. m-Health.tw. 

24. Mobile.tw. 

25. Multimedia.tw. 

26. Online.tw. 

27. Pedometer*.tw. 

28. Phone.tw. 

29. Sensor*.tw. 

30. Smartphone.tw. 

31. SMS.tw. 

32. Software.tw. 

33. Technolog*.tw. 

34. Telehealth.tw. 

35. Telephone.tw. 

36. Television.tw. 

37. Text.tw. 

38. Tracker*.tw. 

39. TV.tw. 

40. Video*.tw. 
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41. Virtual.tw. 

42. Wearable*.tw. 

43. Web*.tw. 

44. OR 11/43 

45. “Body fat”.tw. 

46. “Body Mass Index”.tw. 

47. “Fasting blood”.tw. 

48. “Fasting glucose”.tw. 

49. “Fasting plasma”.tw. 

50. “Glucose tolerance”.tw. 

51. “Waist circumference”.tw. 

52. A1c.tw. 

53. BMI.tw. 

54. Glycated.tw. 

55. HbA1c.tw. 

56. Incidence.tw. 

57. Prevalence.tw. 

58. Waist-hip.tw. 

59. Waist-to-hip.tw. 

60. Weight.tw. 

61. OR 45/61 

62. 4 AND 10 AND 44 AND 61 

63. “Type 1”.ti. 

64. 62 NOT 63 
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Appendix D: Pre-Pilot Questionnaire (Study Two)

 



 

332 
 



 

333 
 



 

334 
 



 

335 
 



 

336 
 



 

337 
 



 

338 
 



 

339 
 



 

340 
 



 

341 
 



 

342 
 



 

343 
 



 

344 
 



 

345 
 



 

346 
 



 

347 
 



 

348 
 



 

349 
 



 

350 
 



 

351 
 



 

352 
 



 

353 
 

 

 

 



 

354 
 

Appendix E: Final Questionnaire (Study Two) 
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Appendix F: Research Ethics Committee Approval Notice (Studies Two and Three) 
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Appendix G: Recruitment Press Releases (Study Two) 
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Appendix H: Recruitment Flyer (Study Two) 
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Appendix I: Participant Information Sheet (Study Two) 

 

               

 

Participant Information Sheet 

Overview 

The following survey is investigating the attitudes and perceptions people have 

towards a Diabetes Prevention Programme which uses technology to assist people in 

improving their eating behaviours and physical activity. Before you decide to begin, it is 

important that you understand why the research is being done and what it will involve. 

Who is doing the research? 

The research is being conducted by Luke Van Rhoon, a PhD candidate from the School of 

Psychology at the National University of Ireland, Galway. The research team also includes 

Prof. Molly Byrne and Dr. Jenny McSharry of the Health Behaviour Change Research Group 

at NUI, Galway. This research is supported by the Irish Research Council. 

What is the purpose of the research? 

Diabetes Prevention Programmes are interventions that educate and assist people in 

making lifestyle changes to improve their health, such as healthy eating and performing 

regular physical activity. We are investigating people’s attitudes toward type 2 diabetes and 

digital health (e.g. health websites, phone apps), and perceptions of a Diabetes Prevention 

Programme that uses technology to help people change their health behaviours. 

Why have I been chosen? 

You have been chosen because you are an adult living in Ireland who may be considering 

making healthy lifestyle changes, or simply wish to maintain a healthy lifestyle, and our aim 

is to inform the development of a digital health programme that is tailored to meet these 

needs and interests. 

What will I have to do? 

You will be asked some general personal questions (e.g., height, weight) and current health 

behaviour questions which will assess whether you may be at risk of developing type 2 
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diabetes. You will then answer some questions about type 2 diabetes, diet and activity level, 

and your experience with health technologies and devices. You will then read through an 

online brochure which presents a Diabetes Prevention Programme before answering some 

questions related to the programme. You are free to withdraw at any time without giving a 

reason and without penalty. A decision to withdraw or not to take part will not affect your 

rights in any way. 

What are the advantages and disadvantages of taking part? 

The survey includes an assessment of your risk of developing type 2 diabetes within the next 

10 years and you will have the option of submitting your email address or alternative 

contact details to receive your risk score and more information about what it means. A 

disadvantage is the time you will give to complete the survey. However, you will have the 

chance to win one of two €100 One4all gift cards which are accepted in over 8,500 stores 

across Ireland and online. 

Will my taking part in the study remain confidential? 

Your survey responses will remain anonymous. Your name and contact details will not be 

linked to your survey responses. Data will not be distributed to a third-party. 

What’s next? 

At the end of the survey you will have the option of submitting your email address or 

alternative contact information to enter the draw to win one of two €100 One4all gift cards, 

and/or to express your interest in participating in our follow-up study. For this follow-up 

study we are looking for survey completers who, based on their risk score, may be at risk of 

developing type 2 diabetes. This follow up study involves a 30-minute telephone or video 

call interview for which all participants will receive a €20 One4all gift card. Expressing your 

interest does not mean you have committed to participate, only that we will send you more 

information about the study. Submitting your details are optional. 

What will happen to the results of the research study? 

The results may be published in scientific journals and meetings in the field of health care. 

We would be happy to send a summary of the findings to you. 

 

 



 

379 
 

Where can I get more information? 

If you have any further questions please contact Luke, the lead researcher, using the contact 

details below. If you have any specific questions on type 2 diabetes or your health in 

general, please contact your GP. 

 

Luke Van Rhoon 

School of Psychology - The National University of Ireland, Galway Phone: 085 126 4297 

email: l.vanrhoon1@nuigalway.ie 
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Appendix J: Participant Consent Form (Study Two) 

               

 

Participant Consent Form 

 

Research Team: Mr. Luke Van Rhoon, Professor Molly Byrne, Dr. Jenny McSharry 

Purpose of Study: To investigate the attitudes and perceptions towards a structured 

diabetes prevention programme that is delivered using technology (e.g., smartphone). 

If you have any questions regarding this consent form or any other questions about this 

study, please contact Luke Van Rhoon (l.vanrhoon1@nuigalway.ie) 

Please initial inside EACH box and sign your name in the space below if you agree with the 

statements 

 

1. I confirm that I have read the document entitled Participant 

Information Sheet. 
 

2. I am satisfied that I understand the information provided and have 

had enough time to consider the information. 
 

3. I understand that my participation is voluntary and that I am free 

to withdraw at any time, without giving any reason, without my 

legal rights being affected. 
 

4. I agree to take part in the above study. 

 

Name: _______________________________________ (Please use block letters) 

Signature: ____________________________________ 

Date: ______ / ______ / ______ 
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Appendix K: Digital DPP Colour Brochure (Studies Two and Three) 
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Appendix L: COREQ Checklist (Study Three) 

No. Item Description 

Domain 1: Research team and 

reflexivity 

 

Personal characteristics  

1. Interviewer/facilitator One researcher (LV) conducted the video interviews. 

2. Credentials Bachelor of Health Sciences (Nutrition, Psychology), Bachelor of Science (Psychological Sciences 

- Hons.), Master of Health Psychology. 

3. Occupation PhD Candidate. 

4. Gender Male. 

5. Experience in training Trained in qualitative research design, with experience with conducting interviews. 

Relationship with participants  

6. Relationship established LV contacted eligible participants from a previous survey study who had expressed interest in a 

follow-up interview. Otherwise, participants had no relationship with the researcher.  

7. Participant knowledge of the 

interviewer 

Participants were informed that the researcher was a PhD candidate completing a study in the areas 

of type 2 diabetes mellitus (T2DM) prevention and digital health, and the goal was to explore their 

views and experiences to inform the development of a digital diabetes prevention programme 

(DPP) in Ireland. 
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8. Interviewer characteristics The researcher was closely engaged with the research process and has developed and delivered diet 

and physical activity interventions for people of the same demographic as participants in this study, 

therefore personal bias could not be avoided. The researcher aimed to inform the content and 

communication strategies of a new intervention and reduce the relative risk of T2DM incidence in 

Ireland.    

Domain 2: Study design  

Theoretical framework  

9. Methodological orientation and 

theory 

Deductive and inductive content analysis was applied.  

Participant selection  

10. Sampling English-speaking adults aged 18 and over currently living in the Republic of Ireland who are at risk 

of developing T2DM by either Body Mass Index (≥25) or FINDRISC score (≥15) and had no 

previous diagnosis of type 1 or T2DM, were recruited using stratified sampling based on gender, 

age, BMI, and FINDRISC category. 

11. Method of approach Eligible participants were contacted via email. 

12. Sample size Seventeen women provided informed consent and were interviewed. 

13. Non-participation Of the 37 eligible people contacted for an interview (26 females, 11 males), 17 did not reply (7 

females, 10 males), and 3 declined due to work or family commitments (2 females, 1 male). A 

complete recruitment flowchart can be found in Appendix P. 
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Setting  

14. Setting of data collection Interviews were conducted online via Zoom or Microsoft Teams, and audio was recorded. All 

participants were residing in Ireland at the time of interview. 

15. Presence of non-participants No non-participants were present. 

16. Description of sample The sample of 17 women was predominantly white (n =16), and all had completed tertiary 

education. The mean age was 50 years. Detailed sample characteristics are presented in Table 5.2.  

Data collection  

17. Interview guide The interview guide was developed based on a digital health acceptability model developed by the 

present authors, and by reviewing qualitative research around T2DM. The guide was then reviewed 

by the research team, key collaborators, and university research ethics committee, and subsequently 

pilot tested on one adult at risk of developing T2DM. 

18. Repeat interviews No repeat interviews were conducted. 

19. Audio/visual recording Audio recording was used to obtain the interview data. 

20. Field notes Field notes were taken before, during, and after each interview. 

21. Duration Interview duration ranged between 22 and 45 minutes, with an average duration of 33 minutes. 

  

22. Data saturation Data saturation was informed by the concept of information power (see Malterud et al., 2016). 

Based on this assessment it was agreed that a sample size of between 14 and 18 participants would 

achieve sufficient information power. After ten interviews were conducted, transcribed, and 

reviewed, the researchers performed an assessment of the sample’s information power. This process 
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was repeated after each subsequent interview until it was decided that after 17 interviews, the 

information power was sufficient to answer the research questions. 

23. Transcripts returned Transcripts were not returned to participants for comment and/or correction. 

Domain 3: Analysis and findings  

Data analysis  

24. Number of data coders Two researchers (LV and CT) coded and verified the data. 

25. Description of coding tree Coding was conducted through deductive content analysis. Six categorisation matrices befitting the 

research framework were developed, each containing categories and (where appropriate), sub-

categories. Transcripts were read thoroughly, and sections of text were assigned descriptive codes 

under each relevant category or sub-category. Potentially relevant text that did not fit an existing 

category or sub-category was coded under prospective new categories. A summary of the deductive 

content analysis process, including final categorisation matrices and example codes, is presented in 

Appendix AJ. 

26. Derivation of themes Themes were identified via inductive content analysis, and therefore derived from the data. 

27. Software QSR International’s NVivo software (released in March 2020) was used to manage the data. 

28. Participant checking Participants did not provide feedback on the findings.  

Reporting  

29. Quotations presented Participant quotations are presented in the manuscript to illustrate the themes and findings, while 

additional supporting quotations can be found in appendices AK and AL. Each quotation is 

identified by a participant number.  
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30. Data and findings consistent There is consistency between the data presented and the findings. The unit of analysis was the 

theme rather than the prevalence or frequency of statements. However, for desired features for the 

Digital DPP, results were based on frequency. Additionally, some statements of quantification are 

included (e.g., statements such as many, often, some, several), but this is for illustrative purposes 

only and not to provide estimates of prevalence. 

31. Clarity of major themes Major themes were clearly presented and numbered with unique headings under each of the 

relevant research topics (categories) and sub-topics (sub-categories). An overview of the content 

analysis which includes a visual map of the generated themes is presented in Figure 5.2. 

 

32. Clarity of minor themes Minor themes are also displayed in the overview in Figure 5.2. However, with the view of brevity, 

sub-theme discussion in the manuscript was integrated into the discussion of their subordinate 

themes, and thus each sub-theme did not contain its own separate heading. 
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Appendix M: Recruitment Flyer (Study Three) 
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Appendix N: Participant Information Sheet (Study Three) 

 
 

             
 

Participant Information Sheet 

Overview 

You are invited to take part in a study exploring the views and perceptions people have 

towards type 2 diabetes, health technology and a digital diabetes prevention programme. 

Before you decide, it is important that you understand why the research is being done and 

what it will involve. If there is anything you are not clear about, we will be happy to explain 

it to you. Please take as much time as you need to read this information. You should only 

consent to participate in this study when you feel you understand what is being asked of 

you, and have had enough time to think about your decision. 

Who is doing the research? 

The research is being conducted by Luke Van Rhoon, a PhD candidate from the School of 

Psychology at the National University of Ireland, Galway. The research team also includes 

Professor Molly Byrne and Dr. Jenny McSharry of the Health Behaviour Change Research 

Group in School of Psychology at NUI, Galway. 

What is the purpose of this research? 

Diabetes Prevention Programmes are programmes that assist people in making lifestyle 

changes to improve their health and prevent type 2 diabetes, such as improving eating 

behaviours and being more physically active. This research is exploring peoples’ views of a 

diabetes prevention programme that is delivered using technology (e.g., phone app). The 

aim is to inform the development and further improvement of digital health in Ireland by 

creating a programme that is designed specifically for people living in Ireland. 

What will I have to do? 

You are invited to take part in a 30-minute interview to discuss your views of Type 2 

diabetes, technology, physical activity and diet. The interview will be conducted via video 

call or telephone. 

A few days before the interview you will be sent a small PDF brochure and two short videos 

that showcase a diabetes prevention programme. You will view these before the interview 

as you will discuss (during the interview) your opinions of the programme. 

What are the advantages and disadvantages of taking part? 

The findings of the research will be used to inform the development and tailoring of digital 

health programmes for people in Ireland. A disadvantage is the time you will give to take 
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part in the focus group. However, at the end of the session you will be sent a €20 One4all 

gift card to your preferred mailing address as a “thank you” for donating your time. 

Will my taking part in the study remain confidential? 

In order to accurately capture the discussion, with your permission, the researcher will 

record audio (if by phone) or video (if by video call) of the session. The dialogue will then be 

typed up on a computer. Your name and any names or places you mention will be taken out, 

so that if someone were to read the typed up interview, they would not know who you are. 

The original recording will be held on a USB stick in a locked cabinet that only the research 

team can access. The findings from this study will be used in research reports but no names 

or any other identifying intormation will be included. All quotes from the interview will be 

anonymous. 

What happens if I change my mind? 

It is up to you to decide whether or not to take part. If you do decide to take part you will be 

asked to keep this Information Sheet and to read and sign a Consent Form. If you decide to 

take part you are still free to withdraw at any time and without giving a reason. A decision 

to withdraw, or a decision not to take part, will not affect your rights in any way. Although 

we hope you participate, your participation is voluntary. 

What happens if something goes wrong? 

If you have a concern about any aspect of the interview process, please contact Luke Van 

Rhoon, using the details below. If you remain unhappy with a response, please contact 

Research Ethics Committee at NUI Galway (ethics@nuigalway.ie).  

What will happen to the results of the research study? 

The results may be published in scientific journals and meetings in the field of health care. 

We would be happy to send a summary of the findings to you. 

Where can I get more information? 
 
If you would like to take part in the study or if you have any further questions please do not 
hesitate to get in touch with Luke using the contact details below. 
 
Contact details: 
 
Name:   Mr. Luke Van Rhoon 
E-mail:  l.vanrhoon@nuigalway.ie 
Telephone:  (085) 126 4297 
Address:  Room AMBE G043, School of Psychology, National University of Ireland, 

Galway, University Road, Galway 
 

THANK YOU FOR TAKING THE TIME TO READ THIS INFORMATION 
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Appendix O: Participant Consent Form (Study Three) 

 

             
 

Participant Consent Form 

Research Team: Mr. Luke Van Rhoon, Professor Molly Byrne, Dr. Jenny McSharry 

Purpose of Study: To explore peoples’ views of type 2 diabetes and digital health, and their 

perceptions of a diabetes prevention programme that uses technology to assist people in 

changing their health behaviours. 

If you have any questions regarding this consent form or any other questions about this 

study, please contact Luke Van Rhoon (l.vanrhoon1@nuigalway.ie) 

Please initial inside EACH box and sign your name in the space below if you agree with the 

statements 
 
I confirm that I have read and understand the information for this study 
and have had the opportunity to ask questions. 
 
I agree to take part in this research study and understand that all my 
details will be kept confidential, and my name will not appear on any 
reports or documents. 

 
I understand that the interview will be audio-recorded and that only the 
research team will hear the recording.  

 
I understand that my participation is voluntary and that I am free to 
withdraw myself or my data at any time without giving any reason and 
without any adverse consequences or penalty. 
 
I give permission for anonymous quotes from the interview to be included  

in reports of the findings from the research. 
 

Name: _______________________________________ (Please use block letters) 

Signature: ____________________________________ 

Date: ______ / ______ / ______ 
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Appendix P: Recruitment Flowchart (Study Three) 

 

 

 

 

 

 

 

 

 

 

 

Additional statistics 
 

• 47.93% (n = 116/242) of females who 

completed the survey were eligible to 

participate in the present study. 
 

• 47.89% of males (34/71) who completed 

the survey were eligible to participate in 

the present study. 
 

• 44.83% (52/116) of eligible females 

expressed interest in being interviewed. 
 

• 32.35% (11/34) of eligible males 

expressed interest in being interviewed. 
 

• 65% (17/26) of the females contacted for 

an interview provided informed consent 

and were interviewed. 
 

• 0% (0/11) of the males contacted for an 

interview provided informed consent 

and were interviewed. 
 

• 1 of the 3 people who completed the 

survey and did not identify as either 

male or female was eligible to participate 

but did not express interest. 

Contacted on a rolling basis 

N = 37 (58.73%) 

Expressed interest in an interview by providing contact details 

N = 63 (41.72%) 

Female 

n = 52 (82.54%) 

Male 

n = 11 (17.46%) 

Other 

n = 0 (0%) 

Female 

n = 26 (70.27%) 

Male 

n = 11 (29.73%) 

Survey completers eligible to participate in the present study (BMI ≥ 25, FINDRISC ≥ 15) 

N = 151 (47.63%) 

Details 

not 

supplied 

N = 88 

(58.23%) 

Female 

n = 116 (76.82%) 

Male 

n = 34 (22.52%) 

Other 

n = 1 (0.66%)  

Not 

contacted* 

N = 26 

(41.27%) 

Declined 

interview 

N = 3 (15%) 

Female 
n = 2 

(66.67%) 

Male 
n = 1 

(33.33%) 

Provided 

informed 

consent and 

were 

interviewed  

N = 17 (45.95%) 
 
 

M (age) = 50.05 y 

M (BMI) = 31.54 

M (FR) = 15.76 

 

Female 
n = 17 
(100%) 

Male 
n = 0 
(0%) 

People who completed the survey 

N = 316 

Female 

n = 242 (76.58%) 

Male 

n = 71 (22.47%) 

Other 

n = 3 (0.95%)  

Not 

eligible 

N = 166 

(52.37%) 

No reply 

N = 17 (85%) 

Female 
n = 7 

(41.18%) 

Male 
n = 10 

(58.82%) 

Did not provide informed consent 

N = 20 (58.73%) 

Female 

n = 9 (45%) 

Male 

n = 11 (55%) 
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Appendix Q: Digital DPP Video Screenshots (Study Three) 
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Appendix R: Interview Topic Guide (Study Three) 

The pre-interview starts with a brief introduction on the research and the aims of the study. The 

participant is asked again if they had viewed the brochure and two videos prior to the interview 

and if they feel they have a basic idea on what the Digital DPP is all about. The participant is 

informed that they can choose not to answer a question and/or can end the interview at any time 

without explanation or penalty. The participant is given the opportunity to ask any questions before 

the interview begins. Consent to proceed with the interview and to record the audio is again asked 

before the interview begins and the recording commences. 

No. Question 
Additional prompt (where 

appropriate) 

Related 

framework 

factor 

1 What is your current understanding of type 

2 diabetes as a condition? 

 Knowledge of 

type 2 diabetes 

2 Is type 2 diabetes something that you have 

thought about in relation to your own 

health? 

Can you share some of these 

thoughts? 

Perceived threat 

of type 2 

diabetes 

3 How would you describe your current 

level of physical activity? 

Type, frequency, duration, 

intensity 

 

4 What do you feel makes physical activity 

easy? What helps you remain physically 

active? 

 Facilitators to 

physical activity 

5 What type of challenges and barriers do 

you experience that you feel make it 

difficult for you to be physically active? 

 Barriers to 

physical activity 

6 How would you describe your current diet 

or eating behaviours? 

Healthy/unhealthy, snacks, 

fruit and vegetables, portion 

size 

 

7 What do you feel makes it easy to eat 

healthily? 

 Facilitators to 

healthy eating 

8 What type of challenges and barriers do 

you experience that you feel make it 

difficult for you to eat healthily? 

 Barriers to 

healthy eating 

9 Has anyone ever suggested that you make 

changes to your lifestyle to improve your 

health? 

Who? Can you describe 

your experience? 

Social influence 

on health 

behaviours 
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10 What types of lifestyle changes have you 

made recently to try and improve your 

health or maintain good health? 

 Social influence 

on health 

behaviours 

11 How do you feel about using technologies 

such as mobile phones, the internet, 

smartphone apps, or wearable devices in 

your everyday life? 

Confidence in using, 

enjoyment, need, frequency, 

duration 

 

12 How do you feel about using technologies 

to communicate with other people on 

health-related issues? 

Family/friends/colleagues, 

work/social 

Communicative 

eHealth literacy 

13 How do you feel about using technologies 

to monitor or help you improve your 

health? 

Confidence in using, 

enjoyment, need, frequency, 

duration, usefulness 

eHealth 

readiness 

14 What sources of information do you have 

to learn about health technologies and help 

you decide what to use? 

Can you tell me about this 

information? Who/where? 

Can you describe your 

experience? 

Social influence 

on health 

technology use 

15 Can you tell me about any concerns you 

have about using health technologies? 

Confidence in using, cost, 

reliability, data 

security/privacy 

eHealth 

readiness 

Participant is asked to refer to the brochure and videos they had viewed on the Digital DPP. They 

are then informed that the remainder of the interview will be a discussion on their thoughts and 

perceptions of the programme. 

16 What were your first impressions of the 

programme? 

While reading the brochure 

and watching the videos, 

upon reflection, given what 

has already been discussed 

Perceived 

usefulness 

17 What did you like about the programme? The app, interface, 

technology, aesthetic, 

relevance to you 

Perceived 

usefulness 

18 What didn’t you like about the 

programme? 

The app, interface, 

technology, aesthetic, 

relevance to you 

Perceived 

usefulness 

19 In what way do you feel this programme 

would be useful for you? 

Prevent T2D, improve 

health/wellbeing, improve 

fitness, maintain/lose weight 

Perceived 

usefulness 
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20 When we talk about “usability” we’re 

basically describing how easy a 

programme is to use. How would you 

describe this programme’s usability? 

The app, the technologies, 

the materials 

Perceived ease 

of use 

21 Would you use a programme like this? Reasons for this decision Intention to use 

the DPP 

22 What features should a programme have to 

make it appealing for you? 

 Desired features 

for the digital 

DPP 

Participant is asked if there were anything they would like to would like to add, or if they require 

more information on anything that was discussed. The participant is thanked for their time. 
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Appendix S: Participant T2DM Risk Notification Email (Study Two) 

 

Dear [participant name], 

Thank you again for completing the PRE-T2D survey. You are receiving this email as you 

opted in to receive your Type 2 Diabetes risk score. This score was obtained from the 

information you provided in the opening section on the survey which is based on the 

FINDRISC screening questionnaire. 

 

Your FINDRISC score is: [score] 

This score suggests that you could be at [low, slightly elevated, moderate, high] risk of 

developing Type 2 Diabetes. 

 

It is important to note that this score, no matter the number, does not mean that you either 

have or will develop Type 2 Diabetes. A definitive risk assessment and diagnosis can only be 

obtained via a blood test. However, if you have any concerns about your score or would like 

more information about Type 2 Diabetes, please visit the following links and/or speak with 

your GP. 

https://www.diabetes.ie/living-with-diabetes/are-you-at-risk/ 

https://www.hse.ie/eng/health/az/d/diabetes,-type-2/treating-type-2-diabetes.html 

Thank you again once again for participating, your submission will be invaluable as we work 

towards improving the health of people across the country. Please share the survey link 

pret2d.com/survey with your family and friends. Everyone can help us to prevent Type 2 

Diabetes. 

 

Kind Regards, 

 

Luke Van Rhoon 

(Research Lead – PRE-T2D Study) 
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Appendix U: Quality Assessment Summaries for All Studies (Study One) 
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1.1 
Source population or area well 

described 
++ + ++ + ++ ++ ++ ++ ++ ++ ++ ++ + ++ ++ + ++ ++ ++ 

1.2 
Eligible population or area 

representative 
++ + ++ + ++ + + ++ ++  ++ ++ + + ++ ++ + + ++ ++ 

1.3 
Selected participants or areas 

representative 
++ + ++ ++ + ++ ++ ++ + + + + + ++ ++ + + ++ ++ 

2.1 
Allocation: selection bias 

minimised 
++ + ++ NA NA ++ + ++ ++ + ++ ++ NA + ++ NA ++ NA ++ 

2.2 
Interventions (& comparisons) well 

described & appropriate 
++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++ 

2.3 Allocation concealed ++ NR  NR NA NA NR + NR ++ NA NR NR NA + + NA NR NA + 

2.4 
Participants &/or investigators 

blinded 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

2.5 
Exposure to intervention & 

comparison adequate 
++ + ++ NA NA ++ ++ ++ ++ ++ ++ ++ NA + ++ NA ++ NA ++ 

2.6 Contamination Acceptably low ++ ++ ++ NA NA ++ ++ + ++ ++ ++ ++ NA ++ ++ NA ++ NA ++ 

2.7 
Other interventions similar in 

groups 
++ ++ ++ NA NA ++ + + ++ ++ ++ + NA + ++ NA ++ + ++ 

2.8 
All participants accounted for at 

study conclusion 
++ + ++ ++ ++ + ++ ++ ++ + + ++ ++ + ++ + ++ + + 
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2.9 Setting reflects usual UK practice + ++ ++ + + ++ + ++ ++ ++ + ++ + + + + + + + 

2.10 
Intervention or control reflects 

usual UK practice 
+ ++ ++ + + ++ + ++ ++ ++ + ++ + + + + ++ + + 

3.1 Outcome measures reliable ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

3.2 Outcome measures complete ++ ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ + + 

3.3 All important outcomes assessed ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ + ++ ++ ++ ++ 

3.4 Outcomes relevant ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

3.5 Similar follow‐up times in groups ++ + ++ NA NA ++ ++ ++ ++ ++ ++ ++ NA ++ ++ NA ++ NA ++ 

3.6 Follow‐up time meaningful + + + ++ + + + ++ + + ++ ++ + ++ ++ ++ ++ ++ ++ 

4.1 Groups similar at baseline ++ + ++ NA NA ++ + ++ ++ + ++ ++ NA ++ ++ NA ++ NA ++ 

4.2 ITT analysis conducted ++ + ++ ++ + ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

4.3 Study sufficiently powered ++ + + NR + NR + ++ ++ ++ ++ ++ ++ ++ ++ NR + NR NR 

4.4 
Estimates of effect size given or 

calculable 
++ ++ + ++ ++ ++ ++ + ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ 

4.5 Analytical methods appropriate ++ + ++ ++ ++ + ++ + ++ ++ ++ ++ ++ ++ ++ + ++ ++ ++ 

4.6 Precision of intervention effects 

given or calculable 
++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

5.1 Study results internally valid (i.e. 

unbiased) 
++ + ++ ++ + ++ + ++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ 

5.2 Findings generalisable to source 

population (i.e. externally valid) 
++ + ++ + + ++ + ++ + ++ ++ + + ++ ++ + + ++ ++ 
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Appendix V: The Proportion of Baseline Weight Lost at Each Follow-Up for Interventions Included in the 

Primary Effectiveness Analysis (Study One) 

Study (year) 

Intervention 

Follow-up point 

Short Term Long Term 

3 months 16 weeks 5 months 6 months  12 months 15 months 65 weeks 18 months 24 months 36 months 

Aguiar (2016) -3.74% - - -4.85%  - - - - - - 

Block (2018) - - - -3.60%  - - - - - - 

Castro Sweet (2017) - -6.5% - -8.0%  -7.5% - - - - - 

Cha (2014)*  -2.50% - - -  - - - - - - 

Estabrooks (2008)  -2.63% - - -  - - - - - - 

Everett (2018)* -1.9% - - -  - - - - - - 

Fischer (2016)  - - -1.93%  -1.35% - - - - - 

Fukuoka (2015)  -5.8% - -6.8% -  - - - - - - 

Kramer (2010) -5.6% - - -  - - - - - - 

Limaye (2017) -0.73% - - -1.48%  -1.35% - - - - - 

Ma (2013) -4.9% - - -4.7%  - -5.0% - - - - 

Michaelides (2016) - 
-5.65% (S) 

-6.33% (C) 
- 

-6.58% (S) 

-7.50% (C) 

 
- - 

-6.15% (S) 

-7.36% (C) 
- - - 

Piatt (2013) DVD  -5.67%  - -3.49%  - - - -4.6% - - 

Piatt (2013) Internet -6.26%  - -3.11%  - - - -5.25% - - 

Sepah (2014) - 
-5.0% (S) 

-5.2% (C) 
- - 

 -4.7% (S) 

-4.9% (C) 
- - - 

-4.2% (S) 

-4.3% (C) 

-3.0% (S) 

-2.9% (C) 

Tate (2003) BI  -3.02% - - -2.80%  -2.24% - - - - - 

Tate (2003) BeC  -4.76% - - -6.03%  -4.8% - - - - - 

Wilson (2017) - -4.6% - -  -0.93% - - - - - 

Wong (2013) - - - -0.69%  -1.57% - - - -1.47% - 

Note: S: starters, defined as participants who read at least one article during any 4 of the 16 initial intervention weeks, C: Completers, defined as participants who read at least 

one article per week during any 9 of the 16 weeks. Bold text denotes clinically significant weight loss. 

*Studies that applied per-protocol or similar analyses only, rather than intention-to-treat. 
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Appendix W: Mean Changes in Body Weight and Glycaemia from Baseline to Most Recent Follow-up (Study One) 

Author(s) 

(year) 

Intervention 

Weight change 
Proportion of sample that 

achieved target weight loss‡ 
Change in A1c Change in Fasting Glucose 

Aguiar et al. 

(2016)  

 

 

At 6 months 

Intervention (n = 53) 

    -5 kg (p < .05)* 

Control (n = 48) 

    +0.5 kg (p > .05) 

      [p < .001, d = 1.15]* 

At 6 months 

5% weight loss 

   Intervention: 42.1% 

   Control: 4.8% 

      [p < .001]* 

At 6 months 

Intervention (n = 53) 

   -0.4% (p < .05)* 

Control (n = 48) 

   -0.2% (p < .05)* 

      [p = .002, d = 0.64]* 

FPG at 6 months 

Intervention (n = 53) 

    -0.08 mmol/L (p > .05) 

Control (n = 48) 

   -0.03 mmol/L (p > .05) 

      [p = .742, d = 0.07] 

Arens et al.  

(2018) † 

 

 

Intervention: At 8.3 months 

Standard care: at 11.6 months 

Intervention (n = 109) 

   -2.4 kg (p < .0001)* 

Standard Care (n = 57) 

   -0.01kg (p = .99) 

      [p = .057] adj. for baseline 

Over time 

Chance to achieve 5% 

weight reduction. 

   Intervention: 6.2  

   times greater than   

   Standard Care 

Not 

Reported 

Not 

Reported 

Block et al. 

(2015) 

 

 

At 6 months 

Intervention (n = 163) 

   -3.3 kg  

Control (n = 176) 

   -1.26 kg  

      [p < .001]* 

At 6 months 

5% weight loss 

   Intervention: 35.3% 

   Control: 8.3% 

At 6 months 

Intervention (n = 163) 

   -0.26% 

Control (n = 176) 

   -0.18% 

      [p < .001]* 

FG at 6 months 

Intervention (n = 163) 

   -0.41 mmol/L 

Control (n = 176) 

   -0.12 mmol/L 

      [p < .001]* 

Castro Sweet et al. 

(2018) 

 

 

At 12 months 

Intervention (n = 501) 

   -7.1 kg (p = .001)* 

Control: NA 

Not 

Reported 

At 12 months 

Intervention (n = 69) 

   -0.14% (p = .0001)* 

Control: NA 

Not 

Reported 
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Author(s) 

(year) 

Intervention 

Weight change 
Proportion of sample that 

achieved target weight loss‡ 
Change in A1c Change in Fasting Glucose 

Cha et al. 

(2014) † 

 

 

At 3 months 

Intervention (n = 13) 

   -2.9 kg 

(p = .031, d = -0.12)* 

Control: NA 

Not 

Reported 

At 3 months 

Intervention (n = 13) 

   -0.4% 

(p = .007, d = -0.76)* 

Control: NA 

FG at 3 months 

Intervention (n = 13) 

   +0.28 mmol/L (p = .112, d = 0.39) 

Control: NA 

Estabrooks and 

Smith-Ray 

(2008) 

 

 

At 3 months 

Intervention (n = 28) 

   -2.3 kg 

Control (n = 31) 

   -2 kg 

      [p = .13] [when adjusting for  

      baseline values] 

Not 

Reported 

Not 

Reported 

Not 

Reported 

Everett et al.  

(2018) † 

 

 

At 3 months 

Intervention (n = 38) 

   -1.6 kg (p = .02)* 

Calibration (n = 9): not reported 

 

Not 

Reported 

At 3 months 

Change in median values 

Intervention (n = 38) 

   -0.10% (p = .04)* 

Calibration (n = 9): not reported 

FG at 3 months 

Change in median values 

Intervention (n = 38) 

   -0.01 mmol/L (p = .59) 

Calibration (n = 9): not reported 

Fischer et al.  

(2016) 

 

 

At 12 months 

Intervention (n = 78) 

   -2.6 lbs 

Control (n = 79) 

   -0.56 lbs 

      [p = .05] 

At 12 months 

5% weight loss 

   Intervention: 38.5% 

   Control: 21.5% 

      [p = .02]* 

At 12 months 

Intervention (n = 78) 

   -0.09% 

Control (n = 79) 

   +0.19% 

      [p = .07] 

Not 

Reported 

Fukuoka et al. 

(2015) 

 

 

At 5 months 

Intervention (n = 30) 

   -6.2 kg  

Control (n = 31) 

   +0.3 kg  

      [p < .001]* 

At 5 months 

10% weight loss 

   Intervention: 29% 

   Control: 0% 

At 5 months 

Intervention (n = 30) 

   -0.10% 

Control (n = 31) 

   -0.04% 

      [p = .25] 

FPG at 5 months 

Intervention (n = 30) 

   -0.02 mmol/L 

Control (n = 31) 

   +0.02 mmol/L 

      [p = .63] 
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Author(s) 

(year) 

Intervention 

Weight change 
Proportion of sample that 

achieved target weight loss‡ 
Change in A1c Change in Fasting Glucose 

Kramer et al.  

(2010) 

 

At 3 months 

DVD (n = 22) 

   -5.4 kg (p < .0001)* 

Face-to-face (n = 26) 

   -6.3 kg (p < .0001)* 

Not 

Reported 

At 3 months 

DVD (n = 21) 

   -0.16% (p = .002)* 

Face-to-face (n = 26) 

   -0.31% (p < .0001)* 

 

FG at 3 months 

DVD (n = 21) 

   -0.26 mmol/L (p = .003)* 

Face-to-face (n = 26) 

   +0.06 mmol/L (p = .098) 

 

Limaye et al.  

(2017) 

 

 

At 12 months 

Intervention (n = 133) 

   -1 kg 

Control (n = 132) 

   +0.7 kg 

      [p < .001]* 

Not 

Reported 

Not 

Reported 

FPG at 12 months 

Intervention (n = 133) 

   +0.19 mmol/L 

Control (n = 132) 

   +0.33 mmol/L 

      [p = .022]* 

Ma et al.  

(2013) 

 

 

At 15 months 

Self-directed (n = 81) 

   -4.5 kg  

Coach-led (n = 79) 

   -6.3 kg 

Usual Care (n = 81) 

   -2.4.kg  

      Self-directed vs Usual Care  

      [p = .02]* 

At 15 months 

5%, 7%, and 10% weight 

loss  

   Intervention: 46.9%,    

   37.6%, and 17.2% 

   Usual care: 24.6%,  

   14.7%, and 3.5% 

[p = .007*, p = .006*, and p 

= .01*] 

Not 

Reported 

FPG at 15 months 

Self-directed (n = 81) 

   -0.15 mmol/L  

Coach-led (n = 79) 

   -0.23 mmol/L 

Usual Care (n = 81) 

   +0.01 mmol/L 

      Self-directed vs Usual Care  

      [p = .01]* 

Michaelides et al. 

(2016) 

 

 

At 65 weeks 

Starters (n = 59) 

   -5.9 kg (p < .001)* 

Completers (n = 47) 

   -7.1 kg (p < .001)* 

Not 

Reported  

Not 

Reported 

Not 

Reported 
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Author(s) 

(year) 

Intervention 

Weight change 
Proportion of sample that 

achieved target weight loss‡ 
Change in A1c Change in Fasting Glucose 

Piatt et al. 

(2013) 

 

GLB-DVD 

 

At 18 months 

DVD (n = 64) 

   -4.5 kg (p < .0001)* 

Internet (n = 44) 

   -5.2 kg (p < .0001)* 

Face-to-face (n = 96) 

   -4.9 kg (p < .0001)* 

Self-selected (n = 56) 

   -5.9 kg (p < .0001)* 

At 6 months 

5% weight loss 

   DVD: 51.5% 

   Internet: 57.1% 

   F2F: 51.9% 

   SS: 66.7% 

Not 

Reported 

Not 

Reported 

Piatt et al. 

(2013) 

 

GLB-Internet 

 

At 18 months 

Internet (n = 44) 

   -5.2 kg (p < .0001)* 

DVD (n = 64) 

   -4.5 kg (p < .0001)* 

Face-to-face (n = 96) 

   -4.9 kg (p < .0001)* 

Self-selected (n = 56) 

   -5.9 kg (p < .0001)* 

At 6 months 

5% weight loss 

   Internet: 57.1% 

   DVD: 51.5% 

   F2F: 51.9% 

   SS: 66.7% 

Not 

Reported 

Not 

Reported 

Ramachandran et al.  

(2013) 

 

Not 

Reported 

Not 

Reported 

Not 

Reported 

FPG at 5 years 

Intervention (n = 171) 

   +0.4 mmol/L 

Control (n = 157) 

   +0.2 mmol/L 

      [not significant] 

Sepah et al.  

(2014) 

 

 

At 3 years 

Core (n = 187) 

   -3 kg (p = .0009)* 

Post-core (n = 144) 

   -2.9 kg (p = .0024)* 

At 12 months 

5% weight loss 

   Core: not reported 

   Post-core: 47% 

At 3 years 

Core (n = 187) 

   -0.31% (p = .0008)* 

Post-core (n = 155) 

   -0.33% (p = .0005)* 

 

 

Not 

Reported 
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Author(s) 

(year) 

Intervention 

Weight change 
Proportion of sample that 

achieved target weight loss‡ 
Change in A1c Change in Fasting Glucose 

Tate et al. 

(2003) 

 

Basic Internet 

 

 

At 12 months 

Basic Int (n = 46) 

   -2 kg 

Int + BeC (n = 46) 

   -4.4 kg 

      [p =.04]* favours BeC 

Not 

Reported 

Not 

Reported 

FBG at 12 months 

Basic Int (n = 46): not reported 

Int + BeC (n = 46): not reported 

      [p = .93] 

Tate et al. 

(2003) 

 

Internet and 

Behavioural e-

Counseling 

At 12 months 

Int + BeC (n = 46) 

   -4.4 kg 

Basic Int (n = 46) 

   -2 kg 

      [p =.04]* favours BeC 

Not 

Reported 

Not 

Reported 

FBG at 12 months 

Int + BeC (n = 46): NR 

Basic Int (n = 46): NR 

      [p = .93] 

Wilson et al. 

(2017) 

 

 

At 12 months 

Intervention (n = 634) 

   -0.9 kg 

Control (n = 1,268) 

   +0.6 kg 

      [p < .05]* 

At 12 months 

5% weight loss 

   Intervention: 31% 

   Control: 20% 

      [p < .001]* 

Not 

Reported 

FBG at 12 months 

Intervention (n = 634) 

   -0.08 mmol/L 

Control (1,268) 

   +0.01 mmol/L 

      [p < .05]* 

Wong et al.  

(2013) 

 

 

At 24 months 

Intervention (n = 54)  

   -1 kg 

Control (n = 50) 

   -0.4 kg 

      [p = .094] 

Not 

Reported 

Not 

Reported 

FPG at 24 months 

Intervention (n = 54)  

   +0.03 mmol/L 

Control (N = 50) 

   +0.04 mmol/L 

      [p = .468] 

Note: For the purpose of standardisation, all body weights reported in lbs were converted to kg, and all fasting glucose measures reported in mg/dL were converted to mmol/L, (p): within-

group result, [p]: between-group result, FG: fasting glucose, FBG: fasting blood glucose, FPG: fasting plasma glucose, NA: not applicable. 

*Statistically significant at p < .05, †studies that applied per-protocol or similar analyses rather than intention to treat, ‡weight loss target as described by the authors of each study. 
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Appendix X: Behaviour Change Techniques Identified in All Interventions (Study One) 
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Cluster One: Goals and planning                        

 1.1 Goal setting (behaviour)    *  -  * * *   * * * -  - - * - 16 8 

 1.2 Problem solving -  - *   -   * -  *    * - - * - 14 9 

 1.3 Goal setting (outcome)    * - -  * * *   *   -  - - * - 15 9 

 1.4 Action planning  -  - -  - - - * -  - * * - - - - - - 7 4 

 1.5 Review behaviour goals - - - -  - - - -  -  - * * - - - - - - 5 3 

 1.7 Review outcome goals - - - - - - - - -  - * - * * - - - - - - 4 1 

Cluster Two: Feedback and monitoring                        

 2.2 Feedback on behaviour -   *  -  * * * - *    -  -  * - 15 9 

 2.3 Self-monitoring of behaviour      -     - -    -     - 16 16 

 2.4 Self-monitoring of outcome(s) of behaviour -    - -     -     -     - 15 15 

 2.7 Feedback on outcome(s) of behaviour -  - - - - - - - - - - - - - - - - - - - 1 1 

Cluster Three: Social support                        

 3.1 Social support (unspecified)  -   - - - * *    * * * -  -   - 14 9 

 3.2 Social support (practical) - - - - - - - - - -  - - - - - - - - - - 1 1 

 3.3 Social support (emotional) - - - * - - -   - - - * - - - * - - * - 6 2 
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Cluster Four: Shaping knowledge                        

 
4.1 

Instruction on how to perform the 

behaviour 
  - - - - - - - -  - - - -  - - - - - 4 4 

 4.2 Information about antecedents - - - * - - - - * -  -  - - - * - - * - 6 2 

Cluster Five: Natural consequences                        

 5.1 Information about health consequences  -  - - - - - - -  - - - -  - - - -  5 5 

Cluster Six: Comparison of behaviour                        

 6.1 Demonstration of the behaviour  - - -  - - - - - - - - - - - - - - - - 2 2 

 6.2 Social comparison - -   - - - * * - - - * - - -  - - * - 7 3 

Cluster Seven: Associations                        

 7.1 Prompts/cues - - - - - -  - - * - * - *  - - - - - - 5 2 

Cluster Eight: Repetition and substitution                        

 8.2 Behaviour substitution  - - - - - - - - -  - - - -  - - - - - 3 3 

 8.3 Habit formation  -  - - - - - - - - - - - - - - - - - - 2 2 

 8.4 Habit reversal  - - - - - - - - - - - - - - - - - - - - 1 1 

 8.7 Graded tasks  - - - - - - - - - - - - - - - - - - - - 1 1 

Cluster Nine: Comparison of outcomes                        

 9.1 Credible source -   - - - -  -  -  -   - - - - - - 7 7 

Cluster Ten: Reward and threat                        

 10.1 Material incentive (behaviour) - -  - - - - - - - - - - - - - - - - - - 1 1 

 10.2 Material reward (behaviour) - -  - - - - - - - - - - - - - - - - - - 1 1 
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Cluster Eleven: Regulation                        

 11.2 Reduce negative emotions - -  - - - - - - -  - - - -  - - - - - 3 3 

Cluster Twelve Antecedents                        

 
12.3 

Avoidance/reducing exposure to cues for 

the behaviour 
- - - - - - - - - -  - - - - - - - - - - 1 1 

 12.5 Adding objects to the environment   -  - - - - -  -  -   -  - - * - 9 8 

Cluster Fourteen: Scheduled consequences                        

 14.4 Reward approximation - - - - - -  - - - - - - - - - - - - - - 1 1 

                        

TOTAL BCTs (including imputed BCTs) 13 3 10 11 10 11 6 2 10 13 10 10 10 13 13 5 5 2 2 11 1   

TOTAL BCTs (excluding imputed BCTs) 13 3 10 5 4 5 6 2 5 7 10 10 4 7 7 5 5 2 2 3 1   

Note: BCT explicitly present, *BCT identified via imputation. 
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Appendix Y: All Coded Digital and Non-Digital Components (Study One) 

Key: 

MoD = Mode of Delivery 

SMS = Short Message Service (text message) 

IVR = Interactive Voice Response 

Web = Website 

DVD = Digital Video Disc 

SCU = Self-contained unit 

App = Smartphone application 

E/S = Email and SMS 

W/E = Website and email 

W/I = Website and IVR 

A/S = Smartphone app and SMS 

W/A = Website and smartphone app 

S/E = SMS and email 

Physical Per. = Physical Peripheral 

 
*Denotes imputed components 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Food Information Web Health/Lifestyle Information Passive  

 

 

 

Aguiar 

(2014) 

Hard Copy Nutrition Education 

Weight Loss Information DVD Health/Lifestyle Information Passive Hard Copy Exercise Education 

Pedometer SCU Activity Tracking Passive Hard Copy Exercise Diary 

Physical Activity Diary Web Activity Tracking Passive Hard Copy Weight Log 

Food Diary Web Diet Tracking Passive Hard Copy Food Diary 

 Hard Copy Waist Circumference Log 

Hard Copy Resistance Training Guide 

Physical Per. Tape Measure 

Physical Per. Gymstick Resistance Band 

 

Blood Glucose Log App Weight/Biomeasure Tracking Passive  

 

 
 

Arens 

(2018) 

Face-to-Face Nutrition Education 

Blood Glucose Measuring Device SCU Weight/Biomeasure Tracking Passive Face-to-Face Physical Activity Education 

Weight Log App Weight/Biomeasure Tracking Passive Face-to-Face Health Coaching 

Waist Circumference Log App Weight/Biomeasure Tracking Passive  

Blood Pressure Log App Weight/Biomeasure Tracking Passive 

Pedometer SCU Activity tracking Passive 

Online Health Coaching App Online Health Coaching Interactive 

Attitudes Questionnaire App Health/Lifestyle lessons Interactive 



 

423 
 

Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Push Notifications App Reminders/Prompts Passive  

 

 

 

 

 

 

 

 

Block 

(2015) 

Reminders E/S Reminders/Prompts Passive 

Weight Log Web Weight/Biomeasure Tracking Passive 

Activity Log Web Activity Tracking Passive 

Diet Log Web Diet Tracking Passive 

Links to External Resources W/E Health/Lifestyle Information Passive 

Physical Activity Assessment Web Health/Lifestyle Lessons Interactive 

Dietary Assessment Web Health/Lifestyle Lessons Interactive 

Behavioural Strategy Lessons Web Health/Lifestyle Lessons Interactive 

Diet Lessons Web Health/Lifestyle Lessons Interactive 

Physical Activity Lessons Web Health/Lifestyle Lessons Interactive 

Downloadable Worksheets W/E Health/Lifestyle Lessons Interactive 

Online Points/Currency System Web Gamification Interactive 

Team Challenges Web Gamification Interactive 

Social Message Board Web Social Media and Support Interactive 

Family and Friend Referral System Web Social Media and Support Interactive 

Automated Health Coaching W/I Automated Feedback Interactive 

 

Weight Log W/A Weight/Biomeasure Tracking Passive  

 

 

 

 

Castro Sweet 

(2018) 

Hard Copy Resistance Exercise Guide* 

Wireless Scale SCU Weight/Biomeasure Tracking Passive Hard Copy Diet Log* 

Pedometer SCU Activity Tracking Passive Physical Per. Resistance Band* 

Physical Activity Log W/A Activity Tracking Passive Physical Per. Measuring Tape* 

Diet Log W/A Diet Tracking Passive  

Weight Notifications W/A Reminders/Prompts Passive 

Health/Lifestyle Lessons* W/A Health/Lifestyle Lessons Interactive 

Physical Activity Lessons* W/A Health/Lifestyle Lessons Interactive 

Diet Lessons* W/A Health/Lifestyle Lessons Interactive 

Online Social Forum W/A Social Media and Support Interactive 

Online Health Coaching W/A Online Health Coaching Interactive 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 
 

Physical Activity Log App Activity Tracking Passive  
 

Cha 

(2014) 

Face-to-Face Nutrition Education 

Food Log App Diet Tracking Passive Face-to-Face Exercise Education 

Homework Assignments A/W Health/lifestyle lessons Interactive Face-to-Face Health Counseling 

 Hard Copy Health Summary 

Hard Copy Educational Materials 

 

Physical Activity Tips IVR Health/Lifestyle Information Passive  
Estabrooks 

(2008) 

Face-to-Face Healthy Lifestyle Education 

Nutrition Tips IVR Health/Lifestyle Information Passive  

Automated Diet Coaching IVR Automated Feedback Interactive 

Automated PA Coaching IVR Automated Feedback Interactive 

 

Weight Loss Advice App Health/Lifestyle Information Passive  

 

 

 

Everett 

(2018) 

Face-to-Face Lifestyle Counseling 

Diet Advice App Health/Lifestyle Information Passive Hard Copy T2D Prevention Information 

Physical Activity Advice App Health/Lifestyle Information Passive  

Digital Body Weight Scale SCU Weight/Biomeasure Tracking Passive 

Weight Log App Weight/Biomeasure Tracking Passive 

Weight Notifications App Reminders/Prompts Passive 

Personalised Push Notifications App Reminders/Prompts Passive 

Physical Activity Log App Activity Tracking Passive 

Automated Physical Activity Coaching App Automated Feedback Interactive 

 

Health/lifestyle Advice SMS Health/Lifestyle Information Passive  
 

Fischer 

(2016) 

Face-to-Face Diet Support 

Physical Activity Advice SMS Health/Lifestyle Information Passive Face-to-Face* Health/Lifestyle Education* 

Nutrition Advice SMS Health/Lifestyle Information Passive Face-to-Face* Physical Activity Education* 

Links to Additional Resources SMS Health/Lifestyle Information Passive Face-to-Face* Nutrition Education* 

Weight Report Reminders SMS Reminders/Prompts Passive Phone Motivational Interviewing 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 
 

Health/lifestyle Videos App Health/Lifestyle Information Passive  

 

 

 

 

 

 

 
Fukuoka 

(2015) 

Face-to-Face Health/Lifestyle Education 

Physical Activity Videos App Health/Lifestyle Information Passive Face-to-Face Physical Activity Education 

Diet Videos App Health/Lifestyle Information Passive Face-to-Face Diet Education 

Pedometer A/S Activity Tracking Passive  

Physical Activity Log App Activity Tracking Passive 

Reminders A/S Reminders/Prompts Passive 

Weight Log App Weight/Biomeasure Tracking Passive 

Diet Log App Diet Tracking Passive 

Auto Self-Monitoring Feedback App Automated Feedback Interactive 

Health/Lifestyle Messages App Automated Feedback Interactive 

Physical Activity Messages App Automated Feedback Interactive 

Diet Messages App Automated Feedback Interactive 

Health/Lifestyle Quizzes App Health/Lifestyle Lessons Interactive 

Physical Activity Quizzes App Health/Lifestyle Lessons Interactive 

Diet Education Quizzes App Health/Lifestyle Lessons Interactive 

 

Health/Lifestyle Education Videos DVD Health/Lifestyle Information Passive  

 

 

 

 

Kramer 

(2010) 

Hard Copy Health/Lifestyle Worksheets 

Physical Activity Education Videos DVD Health/Lifestyle Information Passive Hard Copy Physical Activity Worksheets 

Nutrition Education Videos DVD Health/Lifestyle Information Passive Hard Copy Nutrition Worksheets 

Pedometer SCU Activity Tracking Passive Hard Copy Weight Log* 

 Hard Copy Physical Activity Log 

Hard Copy Diet Log 

Hard Copy Pedometer Guide* 

Hard Copy Resistance Training Guide* 

Hard Copy Stretching Guide* 

Physical Per. Resistance Bands* 

Phone Remote Health Coaching 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Lifestyle Advice SM/E Health/Lifestyle Information Passive  
 

Limaye 

(2017) 

Hard Copy Diet Information 

Physical Activity Advice SM/E Health/Lifestyle Information Passive Hard Copy Physical Activity Information 

Diet Advice SM/E Health/Lifestyle Information Passive Face-to-Face Lifestyle Modification Class 

Stress Management Advice SM/E Health/Lifestyle Information Passive  

Facebook Group Web Social Media and Support Interactive 

 

Health/Lifestyle Education Videos* DVD Health/Lifestyle Information Passive  

 

 

 

Ma 

(2013) 

Hard Copy Health/lifestyle worksheets* 

Physical Activity Education Videos* DVD Health/Lifestyle Information Passive Hard Copy Physical activity worksheets* 

Nutrition Education Videos* DVD Health/Lifestyle Information Passive Hard Copy Nutrition Worksheets* 

Pedometer SCU Activity Tracking Passive Hard Copy Pedometer Guide* 

Physical Activity Log Web Activity Tracking Passive Hard Copy Resistance Training Guide* 

Reminders Email Reminders/Prompts Passive Hard Copy Stretching Guide* 

Weight Log Web Weight/Biomeasure Tracking Passive Physical Per. Resistance Bands* 

Diet Log Web Diet Tracking Passive Physical Per. Weight Scale 

Online Health Coaching Web Online Health Coaching Interactive  

 

Health/Lifestyle Education App Health/Lifestyle Information Passive  

 

 

 

 

Michaelides 

(2016) 

Phone Remote Health Counseling 

Physical Activity Education App Health/Lifestyle Information Passive  

Diet Education App Health/Lifestyle Information Passive 

Health/Lifestyle Challenges* App Reminders/Prompts Passive 

Physical Activity Challenges* App Reminders/Prompts Passive 

Diet Challenges* App Reminders/Prompts Passive 

Weight Log App Weight/Biomeasure Tracking Passive 

Physical Activity Log App Activity Tracking Passive 

Diet Log App Diet Tracking Passive 

Online Health Coaching App Online Health Coaching Interactive 

Group Messaging App Social Media and Support Interactive 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Health/Lifestyle Education Videos* DVD Health/Lifestyle Information Passive  

 

 

 

 

 
Piatt 

(2013) 

DVD 

Hard Copy Health/Lifestyle Worksheets 

Physical Activity Education Videos* DVD Health/Lifestyle Information Passive Hard Copy Physical Activity Worksheets 

Nutrition Education Videos* DVD Health/Lifestyle Information Passive Hard Copy Nutrition Worksheets 

Pedometer SCU Activity Tracking Passive Hard Copy Weight Log 

 Hard Copy Physical Activity Log 

Hard Copy Diet Log 

Hard Copy Pedometer Guide* 

Hard Copy Resistance Training Guide* 

Hard Copy Stretching Guide* 

Physical Per. Resistance Bands* 

Physical Per. Measuring Cups and Spoons 

Phone Remote Health Coaching 

Face-to-Face Group Debriefing Sessions 

 

Health/Lifestyle Education Videos* Web Health/Lifestyle Information Passive  

 

 

 

 
Piatt 

(2013) 

Internet 

Hard Copy Health/Lifestyle Worksheets 

Physical Activity Education Videos* Web Health/Lifestyle Information Passive Hard Copy Physical Activity Worksheets 

Nutrition Education Videos* Web Health/Lifestyle Information Passive Hard Copy Nutrition Worksheets 

Pedometer SCU Activity Tracking Passive Hard Copy Weight Log 

Reminders/prompts Email Reminders/Prompts Passive Hard Copy Physical Activity Log 

Online Counseling Web Online Health Coaching Interactive Hard Copy Diet Log 

 Hard Copy Pedometer Guide* 

Hard Copy Resistance Training guide* 

Hard Copy Stretching Guide* 

Physical Per. Resistance Bands* 

Physical Per. Measuring Cups and Spoons 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Healthy Lifestyle Education SMS Health/Lifestyle Information Passive 
Ramachandran 

(2013) 

Hard Copy Diet Information 

Diet Information SMS Health/Lifestyle Information Passive Hard Copy Physical Activity Information 

Physical Activity Information SMS Health/Lifestyle Information Passive Face-to-Face Healthy Lifestyle Education 

 

Wireless Scale SCU Weight/Biomeasure Tracking Passive  

 

 

 

 

Sepah 

(2014) 

Hard Copy Resistance Exercise Guide* 

Weight Log W/A Weight/Biomeasure Tracking Passive Hard Copy Diet Log* 

Pedometer SCU Activity Tracking Passive Physical Per. Resistance Band* 

Physical Activity Log W/A Activity Tracking Passive Physical Per. Measuring Tape* 

Diet Log W/A Diet Tracking Passive Physical Per. Photo Frame 

Weight Notifications W/A Reminders/Prompts Passive  

Health/Lifestyle Lessons* W/A Health/Lifestyle Lessons Interactive 

Physical Activity Lessons* W/A Health/Lifestyle Lessons Interactive 

Diet Lessons* W/A Health/Lifestyle Lessons Interactive 

Online Social Forum W/A Social Media and Support Interactive 

Online Health Coaching W/A Online Health Coaching Interactive 

 

Weight Loss Tips Web Health/Lifestyle Information Passive  
Tate 

(2003) 

Basic Internet 

Face-to-Face Diet Information 

Weight Loss Resources Web Health/Lifestyle Information Passive Face-to-Face Exercise Information 

Weight Submission Reminders Email Reminders/Prompts Passive Face-to-Face Behaviour Change Information 

Message Board Web Social Media and Support Interactive Hard Copy Diet Log 

Weight Loss Tutorials Web Health/Lifestyle Lessons Interactive Hard Copy Exercise Log 

 

Weight Loss Tips Web Health/Lifestyle Information Passive  

 

Tate 

(2003) 

Behavioral e- 

Counseling 

Face-to-Face Diet Information 

Weight Loss Resources Web Health/Lifestyle Information Passive Face-to-Face Exercise Information 

Food Diary Web Diet Tracking Passive Face-to-Face Behaviour Change Information 

Exercise Diary Web Activity Tracking Passive Hard Copy Diet Log 

Message Board Web Social Media and Support Interactive Hard Copy Exercise Log 

Weight Loss Tutorials Web Health/Lifestyle Lessons Interactive  

Remote Health Coaching Email Online Health Coaching Interactive 
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Technological Components and Features 
Study 

Non-Technological Components 

Digital Component MoD Feature Level Format Non-Digital Component 

 

Wireless Scale SCU Weight/Biomeasure Tracking Passive  

 

 

 

 

Wilson 

(2017) 

Hard Copy Resistance Exercise Guide* 

Weight Log W/A Weight/Biomeasure Tracking Passive Hard Copy Diet Log* 

Pedometer* SCU Activity Tracking Passive Physical Per. Resistance Band* 

Physical Activity Log W/A Activity Tracking Passive Physical Per. Measuring Tape* 

Diet Log W/A Diet Tracking Passive  

Weight Notifications* W/A Reminders/Prompts Passive 

Health/Lifestyle Lessons* W/A Health/Lifestyle Lessons Interactive 

Physical Activity Lessons* W/A Health/Lifestyle Lessons Interactive 

Diet Lessons* W/A Health/Lifestyle Lessons Interactive 

Online Social Forum W/A Social Media and Support Interactive 

Online Health Coaching W/A Online Health Coaching Interactive 

 

T2D/Prediabetes Information SMS Health/Lifestyle Information Passive Wong 

(2013) 

Hard Copy T2D/Prediabetes Information 

Lifestyle Modification Information SMS Health/Lifestyle Information Passive Hard Copy Health Behaviour Information 
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Appendix Z: Digital Features Identified in All Interventions (Study One) 
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Passive features                       

        Health/Lifestyle information and advice  -  - -       *  * *  -   -  16 

        Activity tracking      -  -   -     -  -  * - 15 

        Reminders and prompts - -   - -    - -  * -  -   - * - 11 

        Diet tracking  -    - - -  - -   - - -  -   - 10 

        Weight and biomeasure tracking -    - -  -  - -   - - -  - - * - 9 

                 Total passive features 3 2 5 4 2 1 4 2 5 2 1 5 5 2 3 1 4 2 3 4 1  

Interactive Features                       

        Interactive health and lifestyle lessons -   *  - - -  - - - - - - - *   * - 9 

        Online health coaching -  -  - - - - - - -   -  -  -   - 8 

        Social media and support - -   - - - - - -  -  - - -     - 8 

        Automated feedback - -  - -   -  - - - - - - - - - - - - 4 

        Gamification - -  - - - - - - - - - - - - - - - - - - 1 

                  Total interactive features 0 2 4 3 1 1 1 0 2 0 1 1 2 0 1 0 3 2 3 3 0  

                            Total digital features 3 4 9 7 3 2 5 2 7 2 2 6 7 2 4 1 7 4 6 7 1  

Note: Feature explicitly present, *Feature identified via imputation. 
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Appendix AA: Digital Feature Descriptions (Study One) 

Passive Features 

Health and Lifestyle Information and Advice. This includes health and lifestyle-

related information, advice, and educational materials. These may come in the form of 

information on how to eat healthily and increase physical activity; how to reduce stress; and 

how to make lifestyle changes to improve overall health, lose weight, or reduce the risk of 

developing type 2 Diabetes. This feature only includes information and advice that can be 

read (e.g., via website) or viewed (e.g., via online video or DVD) and does not include 

structured, interactive lessons or quizzes.  

Activity Tracking. This includes any digital tool used to count, track, and/or record 

physical activity behaviours. Such tools include pedometers, accelerometers, and digital 

physical activity logs. These tools may require participants to enter their own data (e.g., steps 

per day, exercise session duration), or they may record the data automatically. Activity 

tracking is a passive feature, as although participants use these tools to record data, they offer 

one-way interaction with no return feedback. However, if for example, a smartphone 

application automatically tracked a participant’s daily steps and the participant automatically 

received feedback on their performance (e.g., messages of praise and encouragement and/or 

adjustment of the daily step goal), the application would contain two features: activity 

tracking, and automated feedback. This two-feature scenario also applies to diet tracking, and 

weight and biomeasure tracking. 

Reminders and Prompts. This describes any one-way message or notification sent to 

participants with the purpose of reminding them to complete a specific action or task. Forms 

can include text messages, alarms, push notifications, and calendar reminders either sent by a 

health coach or delivered automatically. The types of notifications may include reminding a 

participant to weigh themselves, eat five servings of fruit and vegetables, drink water, or 

submit their tracking logs. These reminders and prompts are part of the intervention protocol 

and do not include cases where participants set their own reminders. 

Diet Tracking. This includes any digital tool used to count, track, and/or record 

dietary behaviours. Diet tracking tools can include calorie counters, food diaries, and digital 

food scales. These tools mostly require participants to enter their own data such as the 

number of servings of foods and beverages consumed each day, and/or daily caloric intake. 



 

432 
 

Weight and Biomeasure Tracking. This includes any digital tool used to count, 

track, and/or record body weight or other biological outcome measures such as blood 

glucose. These tools include wireless digital body weight scales, digital blood glucose 

monitors, and digital diaries that are used to track outcome data. 

Interactive Features 

Interactive Health and Lifestyle Lessons. This feature includes interactive 

educational sessions such as lessons, tutorials, or quizzes in which participants read or view 

health and lifestyle information and advice as described above, and then respond in the form 

of assignments, case studies, or quiz responses. Feedback on these responses may or may not 

be given.  

Social Media and Support. This includes any digital tool that either enables 

participants to interact with others (e.g., other participants, friends, family members) socially, 

or that is used by participants to seek social support. This includes Facebook groups, online 

message boards or chat rooms, peer-to-peer instant messaging, and online referral tools to 

share the intervention content with others. This does not include digitally-facilitated 

interactions with a health coach as this would fall under the online health coaching feature. 

Automated Feedback. This feature describes automated two-way behavioural and 

lifestyle support. Feedback is automatically generated, based on participants’ action(s), or 

reported data. This can be facilitated by Interactive Voice Response (IVR), automated text 

message, and smartphone application. For example, in IVR, a participant receives an 

automated telephone call that provides a range of health messages or lifestyle tips. 

Participants then have the option to select a specific message or provide an alternative 

response to the message via the phone’s keypad. The IVR system then tailors the next call or 

tip based on the participant’s previous response. 

Gamification. For this review, gamification refers to any digital component that was 

used as a game or part of a game to add fun or challenge to the intervention whilst providing 

explicit incentive or reward. An example would be the use of an online points system. Here, 

participants may earn digital points each time they complete a specific action or series of 

tasks. These points may be used as friendly competition among participants, or they may be 

redeemed for actual prizes and rewards. 
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Appendix AB: Summary of Behaviour Change Technique Use in Effective and Non-Effective Interventions 

Excludes Imputed BCTs (Study One) 

No. Behaviour Change Technique 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Cluster One: Goals and planning           

1.1 Goal setting (behaviour) 8 38.1 4 33.3 3 42.9 1 25 2 25 

1.2 Problem solving 9 42.9 4 33.3 3 42.9 2 50 2 25 

1.3 Goal setting (outcome) 9 42.9 6 50 2 28.6 2 50 3 37.5 

1.4 Action planning 4 19 3 25 1 14.3 1 25 0 0 

1.5 Review behaviour goals 3 14.3 2 16.7 1 14.3 1 25 0 0 

1.7 Review outcome goals 1 4.8 1 8.3 0 0 0 0 0 0 

Cluster Two: Feedback and monitoring           

2.2 Feedback on behaviour 9 42.9 6 50 2 28.6 2 50 3 37.5 

2.3 Self-monitoring of behaviour 16 76.2 11 91.7 4 57.1 3 75 6 75 

2.4 Self-monitoring of outcome(s) of behaviour 15 71.4 11 91.7 3 42.9 4 100 6 75 

2.7 Feedback on outcome(s) of behaviour 1 4.8 0 0 0 0 0 0 0 0 

Cluster Three: Social support           

3.1 Social support (unspecified) 9 42.9 8 66.7 1 14.3 2 50 4 50 

3.2 Social support (practical) 1 4.8 0 0 1 14.3 0 0 1 12.5 

3.3 Social support (emotional) 2 9.5 1 8.3 1 14.3 0 0 1 12.5 

Cluster Four: Shaping knowledge           

4.1 Instruction on how to perform the behaviour 4 19 1 8.3 1 14.3 0 0 1 12.5 

4.2 Information about antecedents 2 9.5 1 8.3 1 14.3 1 25 1 12.5 

Cluster Five: Natural consequences           

5.1 Information about health consequences 5 23.8 2 16.7 2 28.6 0 0 2 25 
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No. Behaviour Change Technique 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Cluster Six: Comparison of behaviour           

6.1 Demonstration of the behaviour 2 9.5 1 8.3 1 14.3 0 0 0 0 

6.2 Social comparison 3 14.3 3 25 0 0 1 25 1 12.5 

Cluster Seven: Associations           

7.1 Prompts/cues 2 9.5 1 8.3 1 14.3 1 25 0 0 

Cluster Eight: Repetition and substitution           

8.2 Behaviour substitution 3 14.3 1 8.3 1 14.3 0 0 1 12.5 

8.3 Habit formation 2 9.5 2 16.7 0 0 0 0 0 0 

8.4 Habit reversal 1 4.8 1 8.3 0 0 0 0 0 0 

8.7 Graded tasks 1 4.8 1  0 0 0 0 0 0 

Cluster Nine: Comparison of outcomes           

9.1 Credible source 7 33.3 5 41.7 1 14.3 2 50 2 25 

Cluster Ten: Reward and threat           

10.1 Material incentive (behaviour) 1 4.8 1 8.3 0 0 0 0 0 0 

10.2 Material reward (behaviour) 1 4.8 1 8.3 0 0 0 0 0 0 

Cluster Eleven: Regulation           

11.2 Reduce negative emotions 3 14.3 1 8.3 1 14.3 0 0 1 12.5 

Cluster Twelve Antecedents           

12.3 
Avoidance/reducing exposure to cues for the 

behaviour 
1 4.8 0 0 1 14.3 0 0 1 12.5 

12.5 Adding objects to the environment 8 38.1 7 58.3 0 0 3 75 2 25 

Cluster Fourteen: Scheduled consequences           

14.4 Reward approximation 1 4.8 0 0 1 14.3 0 0 0 0 

                     Average number of BCTs per intervention 6.4 7.2 4.7 6.5 5 

Note: ST: short term (≤6 month) follow-up, LT: long term (≥12 month) follow-up. N: number of interventions, n: number of interventions in which the BCT was identified, 

%: proportion of interventions in each category that used the BCT.  
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Appendix AC: Summary of Digital Feature Use in Effective and Non-Effective Interventions 

Excludes Imputed Features (Study One) 

Digital features 

All interventions 

(N = 21) 

Effective ST 

(N = 12) 

Not Effective ST 

(N = 7) 

Effective LT 

(N = 4) 

Not-Effective LT 

(N = 8) 

n % n % n % n % n % 

Passive features       
    

 Health and lifestyle information and advice 13 61.9 6 50 6 85.7 1 25 5 62.5 

 Activity tracking 14 66.7 11 91.7 2 28.6 4 100 3 37.5 

 Reminders and prompts 9 42.9 6 50 3 42.9 3 75 3 37.5 

 Diet tracking 10 47.6 9 75 1 14.3 3 75 3 37.5 

 Weight and biomeasure tracking 8 38.1 6 50 1 14.3 3 75 1 12.5 

                     Average passive features per intervention 2.57 features 3.2 features 1.86 features 3.5 features 1.88 features 

Interactive features         
 

  

 Interactive health and lifestyle lessons 6 28.6 3 25 2 28.6 0 0 2 25 

 Social media and support 8 38.1 6 50 2 28.6 2 50 5 62.5 

 Online health coaching 8 38.1 7 58.3 0 12.5 4 100 3 37.5 

 Automated feedback 4 19.0 2 16.7 2 28.6 0 0 0 0 

 Gamification 1 4.8 1 8.3 0 0 0 0 0 0 

                    Average interactive features per intervention 1.29 features 1.58 features 0.86 features 1.5 features 1.25 feature 

                                Average total features per intervention 3.86 4.75 2.71 5 3.13 

Note: ST: short term (≤6 month) follow-up, LT: long term (≥12 month) follow-up. N: number of interventions, n: number of interventions in which the feature was identified, 

%: proportion of interventions in each category that used the digital feature.  
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Appendix AD: BCTs: Most Frequently Identified and Most Effective by 

Imputation vs No Imputation (Study One) 

BCTs most frequently identified in effective interventions (short term) 

With imputations included With imputations excluded 

Goal setting (behaviour) Goal setting (behaviour) 

Problem solving Problem solving 

Goal setting (outcome) Goal setting (outcome) 

Feedback on behavior Feedback on behavior 

Self-monitoring of behavior Self-monitoring of behavior 

Self-monitoring of outcome(s) of behavior Self-monitoring of outcome(s) of behavior 

Social support (unspecified) Social support (unspecified) 

Adding objects to the environment Credible source 

 Adding objects to the environment 

BCTs most frequently identified in effective interventions (long term) 

With imputations included With imputations excluded 

Goal setting (behaviour) Problem solving 

Problem solving Goal setting (outcome) 

Goal setting (outcome) Feedback on behavior 

Feedback on behavior Self-monitoring of behavior 

Self-monitoring of behavior Self-monitoring of outcome(s) of behavior 

Self-monitoring of outcome(s) of behavior Social support (unspecified) 

Social support (unspecified) Credible source 

Adding objects to the environment Adding objects to the environment 

Most effective BCTs (short term) 

With imputations included With imputations excluded 

Social support (unspecified) Social support (unspecified) 

Adding objects to the environment Adding objects to the environment 

Most effective BCTs (long term) 

With imputations included With imputations excluded 

Problem solving Adding objects to the environment 

Note: The eight most frequently identified BCTs under each condition are listed. Nine BCTs are listed 

in the ‘imputations excluded’ column in the short term as two BCTs each registered the 8th highest 

frequency. The most effective BCTs were those identified at a considerably greater frequency in 

effective interventions versus non-effective interventions. All BCTs are listed in the order in which 

they appear in the BCT Taxonomy v1. 
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Appendix AE: Digital Features: Most Frequently Identified and Most Effective by  

        Imputation vs No Imputation (Study One) 

Digital features most frequently identified in effective interventions (short term) 

With imputations included With imputations excluded 

Health and lifestyle info and advice (P) Activity tracking (P) 

Activity tracking (P) Diet tracking (P) 

Diet tracking (P) Online health coaching (I) 

Digital features most frequently identified in effective interventions (long term) 

With imputations included With imputations excluded 

Activity tracking (P) Health and lifestyle info and advice (P) 

Reminders and prompts (P) Activity tracking (P) 

Online health coaching (I) Diet tracking (P) 

 Online health coaching (I) 

Most effective digital features (short term) 

With imputations included With imputations excluded 

Activity tracking (P) Activity tracking (P) 

Diet tracking (P) Diet tracking (P) 

Online health coaching (I)  

Most effective digital features (long term) 

With imputations included With imputations excluded 

Activity tracking (P) Activity tracking (P) 

Reminders and prompts (P) Weight and biomeasure tracking (P) 

Weight and biomeasure tracking (P) Online health coaching (I) 

Online health coaching (I)  

Note: P: passive feature, I: interactive feature 

The three most frequently identified features under each condition are listed. Four digital features are 

listed in the ‘imputations excluded’ column in the long term as two features each registered the 3rd 

highest frequency. The most effective features were those identified at a considerably greater 

frequency in effective interventions versus non-effective interventions. All features are listed in the 

order in which they appear in the summary tables.
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Appendix AF: Average Number of BCTs and Digital Features Used Per Intervention, Including and Excluding Imputations (Study One) 

Average number of digital features used  Average number of BCTs used 

 Imputations 

included 

Imputations 

excluded 

  Imputations 

included 

Imputations 

excluded 

All interventions (N = 21)    All interventions (N = 21) 9 6.4 

Total features 4.3 3.86  Effective short term (N = 12) 11.3 7.2 

Passive features 2.9 2.57  Not effective short term (N = 7) 5.4 4.7 

Interactive features 1.43 1.29  Effective long term (N = 4) 11.5 6.5 

Effective short term (N = 12)    Not effective long term (N = 8) 7.8 3.7 

Total features 5.58 4.75     

Passive features 3.75 3.2     

Interactive features 1.83 1.58     

Not effective short term (N = 7)       

Total features 2.71 2.71     

Passive features 1.86 1.86     

Interactive features 0.86 0.86     

Effective long term (N = 4)       

Total features 6 5     

Passive features 4.25 3.5     

Interactive features 1.75 1.5     

Not effective long term (N = 8)       

Total features 3.88 3.13     

Passive features 2.38 1.88     

Interactive features 1.5 1.25     
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Appendix AG: Factors and Assessment Items of the 

Hypothesised Research Model (Study Two) 

Factor (abbreviation) Assessment item 

Perceived Seriousness of 

T2D (PSe) 

PSe1: If I get diabetes it will not affect my relationships with others that  

          much. (Item reverse scored) 

 PSe2: Getting diabetes will slow down my daily life. 

 PSe3: Diabetes is a sickness that can be very painful. 

 PSe4: The costs of living with diabetes are so bad that I really want to  

           avoid them if I can. 

Perceived Susceptibility 

to T2D (PSu) 

PSu1: My chances of developing diabetes in the next few years are great. 

PSu2: I am concerned about the likelihood of developing diabetes in the 

           near future. 

PSu3: Because there are so many things that could happen to me, I think  

           it is foolish to worry about diabetes. (Item reverse scored) 

PSu4: The older I get, the more I think about getting diabetes. 

  

Subjective Norm (SN) SN1: Most people who are important to me think that I should get more   

         exercise. 

 SN2: Most people who are important to me think that I should have a  

         healthier diet. 

Image (IM) IM1: People who use digital wearable devices/or smartphone apps have  

         more prestige than those who don’t. 

 IM2: People who use digital wearable devices or smartphone apps have  

         a high profile. 

 IM3: Between the people I know, the use of digital wearable devices and  

         smartphone apps are a status symbol. 

eHealth Readiness 

(eHR)† 

eHR1: I would be comfortable using an internet-connected device  

           several times a week to participate in a lifestyle intervention online. 

 eHR2: I feel that my previous experiences with online technologies are  

           important to my success with using a lifestyle intervention. 

 eHR3: Using internet technologies makes me more efficient in my daily  

           functioning. 

 eHR4: I believe that I am able to make good use of internet websites and   

           web applications. 

 eHR5: Using internet technologies provide me with a feeling of  

           independence. 

 eHR6: I enjoy the challenge of figuring out the different functions of  

           websites and web applications. 
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Factor (abbreviation) Assessment item 

Communicative eHealth 

Literacy (CeL) 

CeL1: I can achieve my health information goals on the Internet while  

           helping other users achieve theirs. 

 CeL2: I have the skills I need to talk about health topics on the Internet with  

          multiple users at the same time. 

 CeL3: I can identify the emotional tone of a health conversation on the  

           internet. 

 CeL4: I have the skills I need to contribute to health conversations on the  

           internet. 

 CeL5: I have the skills I need to build personal connections with other  

           internet users who share health information. 

General eHealth Literacy 

(GeL) 

GeL1: I know how to find helpful resources on the internet. 

GeL2: I know how to use the internet to answer my health questions. 

GeL3: I know what health resources are available on the internet. 

GeL4: I know where to find helpful resources on the internet. 

GeL5: I know how to use the health information I find on the internet to  

           help me. 

 

 

 

 

 GeL6: I have the skills I need to evaluate health resources I find on the  

           internet. 

 GeL7: I can tell high quality from low quality health resources on the  

           internet. 

 GeL8: I feel confident in using information on the internet to make health  

           decisions. 

Perceived Usefulness 

(PU) 

PU1: Using the intervention would help me to improve my fitness. 

PU2: Using the intervention would help me to improve my diet. 

PU3: Using the intervention would help me to manage my weight. 

PU4: Using the intervention would help me to prevent diabetes. 

 

 

Perceived Ease of Use 

(PEU) 

PEU1: Learning how to use the intervention would be clear and  

            understandable. 

 PEU2: Using the intervention would not require a lot of mental effort. 

 PEU3: The intervention tools seem to be easy to use. 

 PEU4: I would it find it easy to get the tools to do what I want them to do. 

Attitude Towards the 

Programme (ATT) 

ATT1: Using the intervention would be beneficial. 

ATT2: Using the intervention would be unpleasant. (Item reverse scored) 

ATT3: Using the intervention is a good idea. 

ATT4: Using the intervention would be enjoyable. 

 

 

 

Intention to Use the 

Programme (INT) 

INT1: Assuming the intervention is available, I intend to use it. 

INT2: Given that the intervention is available, I predict I would use it. 

 

†All eHealth Readiness items were measured using the questionnaire’s original six-point Likert scale 

(strongly disagree to strongly agree). 
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Appendix AH: All Individual Indirect Paths of the Revised Structural Model (Study Two) 

Indirect Path 
Unstandardised 

Estimate 

95% CI 

Lower 

95% CI 

Upper 

Standardised 

Estimate 

p 

Value 

HS → PSe → PU   -0.003 -0.006 0.000 -.016 .088 

HS → PSu → PU   -0.002 -0.005 0.000 .039 .052 

HS → PSu → INT   0.006 0.001 0.012 .087 < .001 

SN → PSe → PU   0.005 0.001 0.011 .021 .094 

SN → PSu → PU   0.019 0.013 0.025 .077 .048 

SN → PSu → INT   0.029 -0.062 0.122 .172 < .001 

SN → PU → INT   0.025 -0.054 0.107 .053 .215 

IM → PU → INT   0.007 -0.009 0.042 .091 < .001 

eHR → PEU → PU   0.084 0.029 0.152 .083 < .001 

eHR → PEU → INT   0.075 0.026 0.136 .014 .037 

eHR → PU → INT   0.020 0.002 0.053 .202 < .001 

CeL → PEU → PU   -0.254 -0.344 -0.169 .068 .016 

CeL → PEU → INT   0.093 0.049 0.153 .011 .056 

CeL → PU → INT   0.083 0.045 0.138 -.145 < .001 

GeL → PEU → PU   0.022 0.005 0.049 .015 .551 

GeL → PEU → INT   0.320 0.234 0.419 .003 .381 

PSe → PU → INT   0.017 0.000 0.037 .038 .102 

PSu → PU → INT   0.015 0.000 0.034 .083 .055 

PEU → PU → INT   0.063 0.009 0.125 .255 < .001 

HS → PSe → PU → INT 0.056 0.009 0.110 -.016 .091 

HS → PSu → PU → INT 0.196 0.154 0.240 .039 .051 

SN → PSe → PU → INT 0.060 -0.022 0.146 .021 .090 

SN → PSu → PU → INT 0.140 0.081 0.204 .077 .048 

eHR → PEU → PU → INT 0.071 0.000 0.151 .083 < .001 

CeL → PEU → PU → INT 0.102 0.013 0.190 .068 .015 

GeL → PEU → PU → INT 0.595 0.465 0.737 .015 .561 

Note: 95% CI: confidence interval for the unstandardised estimate, HS: health status, PSe: perceived seriousness, PSu: 

perceived susceptibility, SN: subjective norm, IM: Image, eHR: eHealth readiness, CeL: communicative eHealth 

literacy, GeL: general eHealth literacy, PU: perceived usefulness, PEU: perceived ease of use, INT: intention to use 

the digital DPP. 
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Appendix AI: All Direct, Indirect, and Total Effects of the 

Revised Structural Model (Study Two) 

Endogenous 

variable 

 
Exogenous 

variable 

Standardised 

direct 

effect 

p value 

Standardised 

indirect 

effect 

p value 
Standardised 

total effect 
p value 

         

PSe ← HS -.27 < .001 - - -.27 < .001 

 ← SN .34 < .001 - - .34 < .001 

PSu ← HS .30 < .001 - - .30 < .001 

 ← SN .59 < .001 - - .59 < .001 

PU ← PSe .06 .155 - - .06 .183 

 ← PSu .13 .021 - - .13 .018 

 ← SN .08 .166 .10 < .001 .18 < .001 

 ← IM .14 < .001 -  .14 < .001 

 ← eHR .32 < .001 .08 < .001 .40 < .001 

 ← CeL -.23 < .001 .07 .002 -.16 .002 

 ← GeL - - .02 .569 .02 .569 

 ← PEU .41 < .001 - - .41 < .001 

 ← HS - - .02 .393 .02 .393 

PEU ← eHR .21 < .001 - - .21 < .001 

 ← CeL .17 .007 - - .17 .008 

 ← GeL .05 .525 - - .05 .459 

INT ← PSu .29 < .001 .08 .055 .37 < .001 

 ← PU .63 < .001 - - .63 < .001 

 ← PEU .07 .083 .26 < .001 .32 < .001 

 ← PSe - - .04 .104 .04 .104 

 ← HS - - .10 < .001 .10 < .001 

 ← SN - - .29 < .001 .29 < .001 

 ← IM - - .09 < .001 .09 < .001 

 ← eHR - - .27 < .001 .27 < .001 

 ← CeL - - -.09 .020 -.09 .020 

 ← GeL - - .01 .564 .01 .564 

Note: HS: health status, PSe: perceived seriousness, PSu: perceived susceptibility, SN: subjective norm, IM: 

image, eHR: eHealth readiness, CeL: communicative eHealth literacy, GeL: general eHealth literacy, PU: 

perceived usefulness, PEU: perceived ease of use, INT: intention to use the digital DPP. 
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Appendix AJ: Deductive Content Analysis Summary (Study Three) 

 

The following six matrix tables capture the process of deductive content analysis. 

During this analysis, sections of text that were relevant to any of the study categories or sub-

categories were ‘coded’ to one or more relevant categories. Sub-categories were created 

where required. For example, when coding text to the Knowledge of T2DM category, the 

need for the subcategories of Type of Knowledge and Source of Knowledge became apparent. 

Example codes represent actual codes that were identified. 

 

Personal Health Matrix 

Category Sub-category Example codes 

Knowledge of T2DM 

Type of Knowledge* 

It’s a lifestyle disease 

Caused by stress 

Leads to heart problems 

Source of Knowledge* 

Conversations with GP 

Newspaper articles 

Search the HSE website 

Perceived Threat of T2DM 

Previous gestational diabetes 

Family member has T2DM 

It’s something to avoid 

*Denotes sub-categories that were generated during deductive content analysis. 

 

Social Influence Matrix 

Category Example Codes 

Social Influence on Health Behaviours 

Family suggested I lose weight 

Health professionals don’t care 

YouTube Influencers 

Social Influence on Technology Use 

Sibling recommended the watch 

They’re a status symbol 

Received the watch as a gift 
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eHealth Literacy Matrix 

Category Example Codes 

eHealth Readiness 

Just use the phone’s pedometer 

Insurance companies stealing data 

Too tech dependent 

Communicative eHealth Literacy 

Uncomfortable talking to random people 

Prefer doing my own thing  

Message board gatekeepers 

 

Health Behaviour Matrix 

Category Sub-category Example codes 

Healthy Eating 

Barriers to Heathy Eating 

Didn’t know that’s unhealthy 

Don’t like fruit or vegetables 

Addicted to chocolate 

Facilitators to Health Eating 

Ready-made meals save time 

Giving up junk food for Lent 

Prefer simple food labels 

Physical Activity 

Barriers to Physical Activity 

Gyms are closed 

No walking paths nearby 

Persistent back pain 

Facilitators to Physical 

Activity 

Walking with friends 

Getting outside as a reward 

Schedule a daily exercise time 
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Intervention Matrix 

Category Sub-category Example codes 

Perceived Usefulness 

What is Useful* 

Encouragement from health coach 

Motivating each other 

Diet feedback 

What is Not Useful* 

Broadband black spots 

Older people not tech savvy 

Not into sharing personal info 

Perceived Ease of Use 

I’ll get used to it 

Looks basic 

User friendly interface 

Intention to Use the Digital DPP 

If my doctor recommended it 

I’d have to try it first 

When there’s more time 

*Denotes sub-categories that were generated during deductive content analysis. 

 

Feedback Matrix 

Category Example Codes 

Desired Features for the Digital DPP 

Match with people my own age 

YouTube exercise videos 

Can adapt to my needs  
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Appendix AK: Additional Supporting Quotes by Theme (Study Three) 

 

Supplemental Table 1 

Knowledge of Type 2 Diabetes 

Sub-category Theme Quotations 

Type of 

knowledge 

Precipitating 

factors 

My eldest brother had type 2 diabetes, and I think the reason he had 

it is he drank alcohol. He drank too much alcohol every day, even 

though he didn't realise it himself, nobody around him realised it. 

(P1) 

 

It seems to be accepted that it is a lifestyle disease. That it can be 

managed by diet, by exercise, I suppose by reduction in stress. 

But…I do think we're missing out on something. I think there's 

something there that hasn't been investigated enough because a 

‘lifestyle disease’ is a very easy label. I think there could be 

something genetic. (P3) 

 

I suppose the thing that comes to mind first of all is that your 

lifestyle could have an awful lot to do with it. (P5) 

 

I suppose my understanding of type 2 diabetes is would be that it’s 

more the lifestyle one as you get older or through diet and 

stuff…you may be susceptible to it or because of your lifestyle 

choices and diet. (P6) 

 

It's avoidable. It's really, from your lifestyle you can develop it. 

(P7) 

 

Well I don't know. The ‘in’ word now ‘stress’ [laughs]. I don't 

know if that's anyways related. (P12) 

 

It's…mostly based on the lifestyle that you may be leading that can 

lead to it or contribute to getting it…in addition to stress, not being 

as active as you should be, could be, making different food 

choices…yeah, the exercise, diet, those are the main ones I can 

think. (P14) 

 

I think it's always something that's associated with someone who is 

overweight or obese initially. (P16)  

Potential 

implications 

There's a number of side effects of type 2 diabetes. Like reduced 

lifespan, heart, peripheral neuropathy, kidneys, eyes. (P9) 
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I suppose the things you worry about with…the eye problems and 

the heart problems and stroke problems, and kidney and bone and 

all the other things that can go wrong with diabetes. (P11) 

 

You would feel guilty if you have it in the sense that you could 

have prevented it. It does lead to um, major problems with 

circulation, eyesight, different things. (P12) 

 

There would be certain amount of limitations in your life when you 

have it. In terms of um, how it makes you vulnerable if you get 

injured or any of those kind of things…and also, if you're on 

medication, I believe the medication is pretty tough on your liver 

and things like that. (P15)  

Source of 

knowledge 

Personal 

research and 

experience 

I would go to Google, and I'd look to see what organisations kind of 

specialise in diabetes, which would probably be my main source of 

information. (P5) 

 

I don't get information as such unless I look for it myself…there 

might be something on the HSE website, but again you need to 

know from the reputable sources, and if you don't have, if you don’t 

have knowledge not to look up just Wikipedia or something, you 

know, you could get false information but I'd be going really to the 

HSE or something like that or, Mayo Clinic rather than just kind of 

fad websites. (P7) 

 

I'm a dietician who's worked in this area. My very own work is 

infant and young child nutrition. Back in the day I would have, even 

when working at the university it would've been all around me so. 

(P9) 

 

I work with people who work with lots of patients with diabetes so I 

would know a bit about type 2 diabetes…to be honest until I came 

to start working with this team, I'd never heard of critical limb 

ischemia, I didn't know how horrendous foot ulcers were, they put 

the pictures up, and you kind of want to be sick, it's awful. (P11) 

 

Yeah, I've probably bought some books on it…there's 

diabetes.co.uk website with a very good forum, so I would've been 

looking at that. (P13)  
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Through the 

media 

Through the media…so there's things once you've seen it one place, 

you see it everywhere so in the last few years I am seeing a lot more 

about the concern about type 2 diabetes, and how important it is to 

try to not get it. (P11) 

 

I guess through newspapers and then, um, other probably internet 

information, and yeah so looking at websites. (P13) 

 

There's a radio presenter. He has type 2 diabetes, so I've been 

listening to him over the last couple of years since he got his 

diagnosis, talking about it. (P14)  

 

Supplemental Table 2 

Perceived Threat of Type 2 Diabetes 

Theme Quotations 

Acknowledging 

own risk 

I got gestational diabetes five years back during my daughter’s birth, I was 

pregnant with her, and I got it. And during that time my doctor, because I'm also 

overweight, so my doctor gave me this ultimatum that you will get diabetes 

because of family history and because gestational diabetes. (P4) 

 

I know I'm a prime candidate for type 2 diabetes. Based on my lifestyle, weight, 

the fact I had it in pregnancy already so, it's in the family. It's a worry, yeah. (P7) 

 

I suppose the onset of the asthma, and then my brother getting type 2 diabetes, I 

suppose those were the main things that got me thinking about it. My own life. 

(P8) 

 

My father has type 2 diabetes, and he's a little overweight but not crazy 

overweight and I had very high blood sugar when I was pregnant but just one 

point off where I needed to do anything about it and that's supposed to be a risk 

factor, so I do think about it. (P11) 

 

I'd probably be higher risk…now I know my grandmother had diabetes, um, I 

honestly don't know which, she was insulin dependent, so she was. (P12) 

 

I have an interest in it because I had gestational diabetes in both my pregnancies 

so I'm aware that I'm maybe at high risk of having it in the future, of having type 

2 diabetes. (P13) 

 

It would be something I'd be nervous about I suppose, I've been just conscious of 

it for the last few years, especially since I've started going out with my partner. 

We don't always make the best choices, so I would've been conscious of it at 

intervals. (P14) 
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I think the fact that I was told I was at a higher risk of developing diabetes after 

having the kids…I mean I had seen an endocrinologist and he's kind of said 

‘yeah you are prediabetic’. (P16) 

 

That's how she's [the GP] described it. I'm not there but you know I'm in that 

little gap where if I'm not careful, I'll fall over…she basically told me that I was 

out of the no risk zone but I wasn't, I wasn't in the diabetes zone so basically I 

was dancing here in no man's land and it wasn't a good place to be. (P17)  

Taking action 

to prevent 

diabetes 

If it is possible to prevent type 2 diabetes, I want to know that I'm doing the right 

thing and I want to know how to do it and I don't want to discover in a couple of 

years’ time that I wasn't doing it properly… I got my readings down from 48 to 

41 and now it's back at 44 and so is it sustainable? (P2) 

 

I think it's a good thing that we can at least change our lifestyle, and we can 

adopt things, I know better, I have, I am taking very little sugar intake. I try to 

watch carbohydrates. (P4) 

 

Because for me, I like to think about what I can do myself, rather than just 

medication. I'd rather medication to be the final resort to try and see what else I 

can do before that stage. (P5) 

 

I know it's a lifestyle choice. I can avoid it if I really, really put my mind to it. 

Um, and I suppose it's just, if I do get it I'll feel guilty ‘cause I know I could have 

prevented it and then looking up information on it is really kind of what you 

have to do to prevent it. (P7) 

 

If my weight reaches a certain point I think right, I need to be good and not let 

this keep going, I don't want to put myself where I am at any more risk because 

of that. (P11) 

 

I've tested myself with his [participant’s partner’s] gadget to test my bloods and 

stuff just to see where I am, and like even the last few years going to the doctor 

and stuff, it would be something I would always ask them to check…I know 

myself what I need to do. (P14) 

 

I really am not interested in taking medication so I just said to him [the GP]: 

‘give me three months to see what I can do about reversing it’. And I reversed it 

back about three points. (P15)  

People lack 

awareness 

I am very conscious of that a lot, ‘cause I'm in medical healthcare now, and a lot 

of elderly people are becoming type 2 diabetic and they don't think it's serious. 

(P1) 

 

 

Interesting things like the man who kept coming in for his lunch and he came in 

with a friend one day and he said: ‘it's great here, and because it's organic it 

doesn't put on any weight’, and I felt that I just had to correct that as he was 
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lathering the organic cream onto his apple pie (laughs), you know so he thought 

because it was vegetarian and organic, it was healthy, and, therefore, he could eat 

all he wanted. So probably another educational area, gap. (P9) 

 

In Ireland it's something that's definitely not treated as a chronic disease…they 

don't believe diabetes to be the same extent to be as severe as say cancer… it's 

crazy basically…the way people understand diabetes, and they just don't seem to 

think that it's as debilitating as it can be…I feel like the younger people are more 

aware, whereas the older, they're more stuck in their ways. (P10) 

 

By what we're reading and everything else it seems to be a rampant disease. 

Diabetes at the moment, and you would think we are being educated on it, but 

sadly it doesn't seem to be sinking in. (P17)  
 

Supplemental Table 3 

Social Influence on Health Behaviours 

Theme Quotations 

Interactions 

with health 

personnel 

Negative interactions 

 

Share it with your doctor? Ha ha! To get lacerated? And it thrown in your face? I'd 

love to meet the doctor who would welcome you using something like that [a 

digital DPP]. They're very far back with it. (P3) 

 

I had some testing, free testing done…it was the peripheral resistance testing…she 

[the GP] was absolutely scathing ‘go away with that! I don't need that’. And I had 

one or two other tests done she said ‘keep them if you want them! I'm not 

interested!’ And my friend had the same thing because we bought a blood pressure 

machine between the two of us and it was mainly for her actually, and the doctor 

was appalled. (P3) 

 

When I went to the diabetes clinic, she seemed to be very well informed but, 

however, they were stuck for time I suppose, and they probably didn't spend as 

much time maybe educating the likes of myself as what they perhaps could've 

done. I think that's often a difficulty when you're going in as a public patient you 

know they don't really have the time to sit with you. (P5) 

 

But no other information [on T2DM] anywhere really…we get like a health 

screening maybe once a year or something, and then they give about your 

weight…well, that's it. That's all, they just give out to you for it. (P7) 

 

I've asked my GP about weight before, but he's just kind of ‘ah you know yourself 

what you need to do’ so. Yeah. I mean, the only suggestion he made at the time 

was get a personal trainer, and I'm like oh well no I can't really afford that. (P8) 
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One doctor will say: ‘oh, your bloods show prediabetes’ and the next one will say: 

‘ah no, everyone is pre-something, don't worry about it’. So that lack of consensus 

and lack of action…my experience has been if you look for an annual check-up 

you are likely to be seen as overanxious and offered some sort of, you know, anti-

depressants or something…which leads to a frequent change in GPs. (P9) 

 

I think you're kind of on your own you know…‘cause they [GPs] don't even want 

to see you…you're not going to be annoying them by going in and saying oh, you 

know, ‘can you weigh me?’ (P12) 

 

I actually had a call with the dietitian on Thursday, and sometimes you feel like 

when you're talking to health professionals that they actually don't care. Um, and 

the pain I was getting in my foot on a walk…it really can get you down. I said to 

her on Thursday I want to get out walking…and she said, ‘why do you not?’…It 

can put pressure, and you feel crap all the time about it. It definitely gets to the 

point where people don't actually believe… I come off the phone on Thursday and 

I wanted to cry, and I was like, I don't want to meet that lady again. (P16) 

 

Positive interactions 

 

I was sent to a dietitian, and she said, ‘you work hard…we will educate your 

stomach, so that you will never have a difficulty with weight again.’ So, she taught 

me so beautifully. It was so humane to reduce what I was eating and improve the 

quality of what I was leaving on my plate. (P3) 

 

The local health food shop where we come from…they're a great source of 

information and they seem to be far more knowledgeable that other people you 

might think have the knowledge…I think they're probably more customer-focused 

than sales focused. (P5)  

Influence 

from family 

members 

I have a daughter who has, who is very extremist in calories and all of that so like, 

as a result of that now I can hardly enjoy a Magnum ice cream because she says 

there's something like eight spoons of sugar in it. So every time I have an ice cream 

I can't really, it's not as enjoyable as it used to be before that because thinking of 

eight spoons of sugar. (P1) 

 

My son would have accused me of being a sneaky eater in that if I had that cake I 

wouldn't necessarily eat it with the rest of the group. I would keep it until I couldn't 

resist it anymore. So he would call me a sneaky eater. (P3) 

 

 

They [my family] wouldn’t comment on my weight…but it's more like if you 

really want to be healthy you shouldn't be working so much or you should go out 

or, it's yeah, the specifics would be, ‘you should take more exercise.’ (P8) 

 

All they [friends and family] ever tell me is that I overdo it. ‘You're too hard on 

yourself, have a treat.’ “No wonder your knees are bad, you're pushing yourself", 

you know? (P15)  
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Supplemental Table 4 

Social Influence on Health Technology Use 

Theme Quotations 

Exposure via 

family or 

friends 

Adopters of Health Technologies 

 

I decided years ago, it was one of the first ones, a Garmin, I forget the name. So I 

got it as a present, got it for Christmas. I was, thought it was great, I had it at work 

and I was one of the first, I would think years ago. (P1) 

 

Everybody's wearing Apple watch and um, you know it's very common it's I think 

somehow status symbol…everybody knows even my 10-year-old boy he's having 

that…I know people that they are just wearing they even don't know that these can 

give them benefit …like they are just wearing, just because everybody is wearing. 

They actually don't know what is the use of that. (P4) 

 

If I wanted something I think I ask my sister about what sort of an app you know, 

she's recently upgraded her Garmin so I'm kind of looking at a Garmin at the 

moment ‘cause the Garmin seems to be quite; well, they're quite expensive but then 

you know, they link to your phone and everything. (P5) 

 

I think somebody else (a friend) told me about My Fitness Pal and I actually did 

use that maybe two years ago just ‘cause I thought I was getting heavier than I 

wanted to be, and I thought at the time I'll just keep track of what I'm eating. (P11) 

 

All of my family have them now, they're all going on about them…people like to 

have something else to focus on and be like: ‘oh look I did 12,000 steps today’…I 

have the health app that Samsung have on the phone, so I'd use that every now and 

again. (P14) 

 

 

 

 

 

 

 

Non-Adopters of Health Technologies 

 

I've a friend who has, now his is more geared at exercise for the elderly or physical 

activity for the elderly, but again it's based on a message coming to your phone 

and, you know that sort of thing, and we discussed it at various times but I'm not 

even motivated enough to download the free trial for him even though he asks me 

frequently if I would even have a look at it. (P9) 



 

453 
 

I do have a friend and to me she became obsessive and, no I wouldn't definitely 

like to do that. (P17)  
 

Supplemental Table 5 

eHealth Readiness 

Theme Quotations 

Security and 

privacy 

concerns 

I think with education, like they'd have a problem with their insurance policies 

knowing everything about them and their risks and their accidents and everything. 

And health care having all their history and big brother knowing everything…there 

are problems with it obviously, concerns. (P1) 

 

I'm very cagey. I will not sign in to any health app on my phone that monitors my 

health because I do not trust the health insurance companies…I have no doubt they 

would either pay so well, they would get the information, or they would hack so 

well. (P3) 

 

I feel there can be a lot of issues around data protection. ‘Cause I know, I'm 

currently doing a module on data protection so it's all health information, apps and 

things like that so um, I feel a lot of patients…they're very privatised with their 

information. It's quite difficult, especially here in Ireland, I feel a lot of the older 

generation, you can hardly get their name, never mind any information out of them. 

(P10) 

 

So yeah, I'm certainly thinking a lot about this tracker, and where that information 

is going, and I guess, you know, since our data's being scraped all the time…I 

guess I would probably feel more comfortable about that if you felt your data was 

going to actual research. (P13) 

 

I don’t like the idea that some of them can, you can sign up to swipe, like, your 

bank card from your watch. That kind of freaked me out a bit. I couldn't figure out 

to do that, it wasn't something I would do anyway. Or some of the ones that read 

your text messages. That's a step too far for me. It'll only be a matter of time before 

we get calls on our watch. (P16) 

  

Why eHealth 

did not work 

I had a Fitbit, I gave it away. I was using just the bare minimum. It had a lot more 

capability, but I didn't give myself enough time to educate myself how to use it 

(P1) 

 

I had a Fitbit there a couple of years ago, but I stopped wearing it ‘cause I got 

obsessed with looking at how much sleep I was getting, and I nearly felt tired if I 

didn’t. (P6) 

 

The watch actually doesn't suit me at the minute. I'm allergic to the strap. (P7) 
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I found it annoying because I don't always carry my phone with me, and I just 

presumed that you have to have your phone with you, and I don't carry my phone 

the whole time, so it was just kind of annoying…it's just a kind of a very blunt 

instrument really. It doesn't really tell you anything except a number. (P8) 

 

My daughter gave me a smartwatch a few years ago or a Fitbit and after about a 

month I sent it back and got my money back. My son-in-law…if it's 10 o'clock at 

night, and he hasn't closed the circles in his Fitbit and reached all his goals and 

targets at 10 o'clock at night in the winter and the snow, he would go out to jog or 

walk or whatever in order to meet his targets before he goes to bed. I would never 

do that. (P9) 

 

I started to try to adopt a keto diet, and so I was using a particular website called 

Diet Doctor and eating keto diet and that for a couple of months I guess. Why did I 

give it up? I think it was just driving me a bit crazy. I find for me it's not very 

healthy to really hyperfocus on what I'm eating. (P13) 

 

I think it can be, probably you could become a bit obsessed you know? You don't 

want to spend time setting, programming your watch or your app when you should 

be actually doing your walking. Don't want to spend too much time switching 

through them, just get out and go… I found them awkward because sometimes they 

didn't always fit right or didn't always count. (P16)  

Why eHealth 

does work  

It's nice to have a watch on because when your watch tell that you are on so far 

since morning, and you did not move…it gives you more motivation that okay, we 

can do a little more, so I think it's a good thing. (P4) 

 

I use them in my everyday life, and I go for a run, I use apps for music and then 

apps to track the distance…I always want to make sure that I have set a minimum 

and that I don't go back from the minimum. (P5) 

 

She's a Slimming World consultant. She runs the Zoom call and then the rest of the 

participants during the week, and they talk to you then about how you got on that 

week…But the Zoom calls, they are good, it's nearly like a shared community. (P7) 

 

I do occasionally watch a fitness and physical activity video that comes from 

somewhere in the US. A free one on YouTube that is aimed at seniors and some of 

those are much better. (P9) 

 

I used My Fitness Pal the most and yeah, I found it very good ‘cause you were able 

to track your food according to the brand and everything and right down to the 

small details. Things like that open up your eyes to what you’re actually eating…it 

was very motivating to be able to just see where you're at in your day and what 

you're allowed and what you're not allowed more or less. (P10) 

 

I did a short series of coaching sessions with someone on mindfulness and eating, 

which I guess is similar to intuitive eating but it's not the actual intuitive eating 
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programme so um, that was one-to-one though over Zoom, so that was really 

helpful. (P13) 

 

When I thought about the Fitbit I needed it for motivation. I think this morning I've 

already done about 8,000 steps. I aim for over 10 every day…it's on me all the 

time. You know except when I shower. (P15)  
 

Supplemental Table 6 

Communicative eHealth Literacy 

Theme Quotations 

Information 

exchange 

There was a Keto group…I joined that group also, so because of these two groups 

on Facebook I got a lot of ideas for making food like, what can be in my lunch, 

what can be in my dinner. (P4) 

 

There's a Zoom call every week, and you're chatting to people. I find it good, and 

it's accountable you know you're accountable for what you eat and there's support 

there to what you eat and give you tips and things when, you get bored with your 

food and there's ideas and stuff, and if you're not losing weight, and you think 

you've done good, they'll give you hints and tips on how to speed it up or you know 

what you could be doing wrong and that kind of thing so it is good yeah, I do like 

it. (P7) 

 

There's one for like slimming world recipes…it's all a similar demographic, and 

everyone's trying to support each other like ‘look what I lost this week, and I found 

this really nice recipe’ and things like that, so I think it's a similar type of situation 

and it definitely seems to work with 1000s of people on the page and everyone's 

really supportive with each other. So, I just think no matter the age it's definitely 

beneficial. (P10) 

 

Keeping a 

low profile 

When I say I do Pilates class I actually don't talk to them, I just listen to them, and 

so I use it as I, I wouldn't be setting up Zoom. (P2) 

 

Like I don't socialise a lot with people I don't know, so I was not like connecting 

with them, but I was reading, I'm a quiet reader so I was reading each and every 

chat and post and everything so that's how I got ideas. (P3) 

 

I think there's a little bit of resistance at the beginning. Partly, even for the Pilates 

by Zoom you know, is the camera on? Do I want the camera on? Maybe I want the 

camera off at the moment. There's a little bit of anxiety until you get to be more 

confident with it. (P10) 

 

I think it depends on how you engage in it. So I chose, I used it as a source of 

information, but there are definitely people who are, you know, asking questions 

and posting their results and being more actively involved. (P13) 
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Very seldom I would ever ask a question…or they're going to think, ‘oh she knows 

it all, so like she's had one child, and all of a sudden she's like, quite 

extraordinary’…That would be good, to be able to view the information but not 

necessarily be under pressure to post. (P16) 

 

I don't like oversharing as a rule. So, you know, for a second it would take too 

much acclimatisation to, if I was the one to put up a post or something to get, you 

know? Whereas I don't mind replying to people to talk something through, but for 

me to instigate or the, yeah, that for me is, that is harder. I feel I would learn more 

than contribute more. (P17)  
 

Supplemental Table 7 

Healthy Eating 

Sub-category Theme Quotations 

Barriers to 

healthy 

eating 

Cravings 

and 

comfort 

eating 

We sometimes would open a box of chocolates at work, and we 

could just plough our way through them because we're so busy, we're 

just getting a quick fix. We wouldn't be thinking, we'd just open 

them, and they are addictive, and you start, and you'd eat them all. 

(P1) 

 

We have our movie night on Friday so that's full of sweets and I'm 

addicted to chocolate and sweets. So that's my problem. I eat healthy 

during the day and snack in the evening, which is really bad. (P7) 

 

That's just…the snacking and treats and chocolate and stuff…it's 

comfort eating and I don't, I haven't managed to grapple with that 

yet. (P8) 

 

 

I found myself getting into really bad habits over Christmas, ‘cause 

you feel like you deserve that extra treat because of the pandemic 

and you deserve it. (P10) 

 

Cutting out sugar. Basically, which is basically an addiction of mine. 

I'm not joking [laughs]. It's awful [laughs], it's awful. Um, I've never 

drank in my life, but I'd say it must be what an alcoholic feels. You 

taste sugar, that's it. (P17)  

Mixed 

messages 

Trying to follow the pyramid, and I was eating more potatoes so I 

wouldn't be looking for biscuits afterwards and then somebody said 

to me ‘well potatoes are actually quite high in carbs’ so I stopped 

eating potatoes. (P2) 

 

I suppose knowing what actually, like you can think something is 

actually okay, but when it's examined, it's not, and you're kind of 

going like ‘oh jeepers I thought that was alright’ you know? (P12) 
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Even things like the nutritionist would be like: ‘do not eat bananas, 

tropical fruit, full of sugars.’ The dietitian sent me a meal plan on 

Thursday and the first thing on it for breakfast was banana on toast, 

and I'm like ‘oh god’ I haven't had a banana in two years because. I 

really find there's a lot of conflicting information. (P16)  

High cost 

of healthy 

foods 

Something like that you know, accessibility is a major thing, ‘cause 

everything is, a lot of the healthier options can be a lot more 

expensive, um so it's quite difficult to make that decision, especially 

if you're a student. I think that would be a major factor. (P10) 

 

What gets me is most of the unhealthy food is cheaper. Do you 

understand? Like I mean if you go into a, you know yourself, a shop. 

Like, I don't want to, I can't wrap my head around it, I don't 

understand it. (P12) 

 

Well, the cost of food…it's extortionate. I've made a conscious 

decision to try and eat what's in season, and I'd just buy the veg that 

is on special offer…I stopped buying strawberries and raspberries. 

(P16)  

Facilitators to 

healthy 

eating 

Being 

proactive 

I am on portion control like previously if I am taking a one you 

know we use to eat ciabatta flat bread in our culture so if I was 

taking one of that now I am having half of that, so this is how I am 

trying to manage. (P4) 

 

I've been trying to kind of batch cook things and have things 

constantly on standby as opposed to reaching out for whatever's 

there or ordering a takeaway. (P10) 

 

Being organised. Having your meal plan done out and sticking to it. 

Ah, you know. It's not rocket science…I have done meal plans. 

Yeah, I'd have done Weight Watchers. Um, and it works when you 

write down what you're eating and keep track of it and all of 

that…and it's portion size as well, I suppose. (P12) 

 

I've been trying to do a shop once a week…and then there's a local 

fruit and vegetable guy, so instead of going into the supermarket 

again, just having plenty of fruit and vegetables. (P14)  

Knowledge 

is key 

My background, I'm actually a dairy scientist…so I have a good 

understanding of the composition of foods, and we eat a reasonably 

healthy diet. (P2) 

 

I came to know that what comes in Keto diet, and how I can eat even 

what food I can make for myself like in lunch and or dinner, ideas 

from that. (P4) 
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For me, until you measure something and actually find out the detail 

of it, it's all just a bit pie in the sky. I like to know what exactly 

something is going to be, you know, how is it measured? What is the 

weight?’ (P5)  
 

Supplemental Table 8 

Physical Activity 

Sub-category Theme Quotations 

Barriers to 

physical 

activity 

Limited 

opportunity 

I am trying to adopt healthy lifestyle but it's very hard with this 

lockdown, and it's affected a lot because we are unable to do gym 

anymore. (P4) 

 

I'm home schooling at the moment, I'm working, running a house. I 

try and get out at least two or three times a week for about an hour, 

but then the weather's bad…so it's not good. (P7) 

 

I'm trying to commit to a walk every day so the weather's been really 

bad so that hasn't, so between work, and the weather, that doesn't 

always happen. (P13)  

Physical 

discomfort 

I have late onset asthma as well, adult-onset asthma, which means 

it's harder to exercise, and so all these things have started, you know, 

getting me to think about my own health. (P8) 

 

I have really bad arthritis in both my knees, and it's quite painful 

sometimes to walk as I used to get gel injections. (P15) 

 

I have a problem with one of my feet, my right foot. I'm on 

antibiotics what since August. So I have a condition it's actually 

really terrible. I've got infections, and yeah, I have, wearing my 

cartilage. Last week I might have done about 3k, the week before I 

did 3k every day, but then I could hardly walk. (P16)  

Lacking 

interest or 

motivation 

Sometimes it's just easier to say ‘ah, I'll just have a cup of coffee 

here, and I won't go out’. There is a treadmill about 30 feet away 

from me and twice in the last week I used it for a total or 9 minutes 

one time and 2 minutes the other time. So, you know it's not lack of 

opportunity. (P1) 

 

When I was working it's very easy to come from work and say, I live 

in the country okay, so our road is narrow, and it's dark. It's easy to 

come home from work and say ‘oh, I'm too tired I couldn't, I'll do it 

tomorrow.’ (P2) 

 

I did start walking more over the spring and the summer even a bit 

into the autumn, but that has stopped recently, ‘cause it's, I don't 

want to be part of that world [on walking for leisure]. (P9)  
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Facilitators 

of physical 

activity 

Having 

social 

support 

I would walk with a friend. I would swim with another friend. But it 

was the positive, the positive um, it was really her that got me going. 

So I would say it is to surround yourself with positive people who 

are doing the right thing. (P1) 

 

I’ve a close-knit group of friends around me, so we meet up and go 

for walks because that seems to be the only thing we can do at the 

moment…It became the new coffee, the new night out…where 

you’d be walking, and chatting, and catching up. (P6) 

 

I do if I'm with somebody, I don't like it on my own so then you can 

talk to them. No, I find walking very boring on your own. Unless 

I've somewhere to go yeah. (P7)  

Being 

outdoors 

I like the fresh air…it’s easier to go out on a fine day rather than 

when it’s a cold day…I suppose one thing with this pandemic is that 

you’re dying to get out for your walk in a day. (P6) 

 

Outside yeah, definitely outside. Especially when it's nice out, which 

is very rare over here but [laughs]. And just trying to get out of the 

house as much as I can, trying to go for a walk, and trying to see that 

there is a world out there outside of the screen [laughs]. (P10) 

 

If I am just sick of being indoors, I suppose that would be another 

thing. I just feel like I have to get outside and do something. (P11)  

Keeping to 

a routine 

Well, I suppose with the lockdown I have more time, so we are 

exercising an awful lot more, and I started doing yoga nearly every 

night. (P5) 

 

I think having a standard routine. Um, something we've all found 

working from home you know we have to have your own routine 

otherwise you'd be just, you'd be so out of it, you'd be just sleeping 

through days. (P10) 

 

I spent most of the pandemic trying to get into a routine of doing 

yoga, so probably what made the difference there was fixing a time 

of day where nothing else was going to happen. (P13)  
 

Supplemental Table 9 

Perceived Usefulness 

Sub-category Theme Quotations 

What is 

useful 

Health coach 

support 

I'd like a health coach because I have Zoom, I've read various 

things myself, but I mean, one article will say A, the other article 

would say B, and well you need to know which is the best. (P2) 
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I thought the coaching side of it is good…I suppose if you had 

questions on different things. Like instead of googling and 

guessing, that you could actually put it out there and ask someone 

who’s going to give you an answer back that’s evidence-based, 

and it’s accurate. (P6) 

 

I think that would be very helpful in itself, and be able to have that 

consultation type environment to really be able to put a face 

behind why you're doing what you're doing. (P10) 

 

Someone that can actually look at the diary and go: ‘yeah that's 

okay, that's not okay, maybe you could try this instead’ you know? 

Um, just things like that. To keep you on the path. (P12)  

Support from 

other 

participants 

I thought if you had a network then there was the thing, I think you 

could contact people, and then you know, are they struggling? Do 

they want to go for a walk? There might be some things there that 

could be beneficial, depending on where you live and what the 

network around you was like. (P11) 

 

There seems to be a lot of support from different sides. If there was 

people in your area that also had the app, that you could link in 

with people you can go for a walk with. (P14) 

 

Accountability…and there's a chat room and there's sharing, you're 

actually not alone and don't feel it's just me. Or just to chat with 

somebody having the same problems and talk through with you. 

(P17)  

Keeping 

track 

Um, you know live self-monitoring, guiding and other exciting, 

and the tracking and the education. The overall package I liked. 

(P3) 

 

Monitoring and tracking actually is something could definitely be 

of benefit to people ‘cause I feel like with a lot of these apps you 

don't necessarily see the day to day progress or week to 

week…like you'd like to see a progress report, and I suppose with 

the lifestyle plan working with that individual's lifestyle and not 

just saying you have to do X, Y, and Z to be whatever. Which is 

definitely something really important. (P10) 

 

I think some of thing about logging your activity is probably quite 

good in the same way that that My Fitness Pal sort of keeps you 

honest with yourself. (P11) 

 

If you log your exercise like if they can get the overall package of 

what you're doing in your day you know…they can get an overall 

picture of what you're doing and whether you're doing it right or 

wrong. (P12) 
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Tracking the food I think is a good idea actually…I think it's a 

reminder, it's your conscience almost, so I think that I've never 

done it, but I actually think that could be a very good idea. (P17)  

What is not 

useful 

Social 

interaction 

I would hate the part of meeting other people to talk about it. It just 

reminds me of an AA meeting. That for me that wouldn't work at 

all, I'd hate it. I'd feel uncomfortable about it and talking to people 

I don't know about my health. (P8) 

 

 

It's just the social media thing, you know I really am not interested 

in putting myself up on Facebook or anything like that. People I 

need to contact I will. I still prefer to speak to a human being…I 

wouldn't be interested in being involved in any kind of community 

goal either. I'm not interested about other people to be honest with 

you…I'm able to motivate myself. You know I create my own 

goals. (P15) 

 

The community forum. I'm not sure how much I would use that 

you know? I suppose for me, look I'm always afraid that my next-

door neighbour's going to be on it with a different user ID [laughs]. 

And they'd say: ‘did you see what [participant] said?’ (P16)  

Accessibility 

Concerns 

I think older generations…my parents they, well I suppose they 

wouldn’t be very tech savvy. I don’t think an app like that would 

be good for them because they just wouldn’t manage it. (P6) 

 

There isn't as wide a broadband access around the country as 

people think they are, think there is, and here, if you go up the 

road, there's no internet access. (P9) 

 

I definitely think accessibility would be a major issue for rural 

parts of the country and the older generation. Yeah, so even just 

having a smartphone, but definitely broadband connections. (P10)  
 

Supplemental Table 10 

Perceived Ease of Use 

Theme Quotations 

User friendly Well, I thought it looked easy enough to use like, it’s basic like, and I suppose 

anything like that needs to be basic and user friendly. But I suppose until you’re 

actually using something, and physically using it on your device or your phone, 

that that’s when you might say ‘oh this is a bit tricky here to put this up or where 

do I look for that’, but to me it looked very user friendly. (P6) 
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Yeah, it looked fairly easy to use, it was very colourful…it didn't seem overly 

complicated or anything like that…it didn't seem like you'd have to go through four 

or five different clicks to get to what you wanted, it was one click option, that kind 

of thing, yeah that was good. (P7) 

 

‘I'm sure it would be pretty easy once you get started, once you navigate your way 

around it. There's usually good instructions with all of these apps anyway. (P14) 

 

I thought it looked to be laid out very well and very clear and quite user 

friendly…it did look like it was really user friendly and really easy to use. (P16) 

 

 

Supplemental Table 11 

Intention to Use the Digital Diabetes Prevention Programme 

Theme Quotations 

Willing to try  Yeah, so the rest of it as I say is very hard to judge when you're looking at a 

brochure. Until you actually see it on the app and try to use it, I think there is 

nothing else I could say about it. (P2) 

 

I might have in the background for the um, you see I probably. I'm a little 

compliant and a lot non-conformist I think, and I'd have it there, maybe look at the, 

maybe look at the educational models, modules I might be seeing who's the 

healthcare support person. If they were good I might. (P3) 

 

I think so, I'd have to give it a go and see but from looking at it initially, yeah it's 

inviting…something I'd try, but again I'd have to see as I said I might lose interest 

after a while, but initially yeah it looks good. (P7) 

 

I would yeah, and I suppose it's only from use and that, that you'd might find 

pitfalls, or you know, things like that, that you'd go ‘oh well I might change that, 

that could be changed’ or, you know, something like that. But that's like with any 

app. You know? So um, no I think I would, I'd give anything a go [laughs]. (P12)  

If it came 

physician 

recommended 

I don't know if I would go sign up myself, I think I'd nearly have to have the doctor 

say to me ‘you should do this’. I don't think I'd volunteer myself for it. But if I, you 

know, if the doctor said, ‘do this’ that you know ‘yeah do this,’ and if my medical 

records were feeding into it somehow you now, and if there was that connection 

with the GP, I'd feel comfortable enough. (P8) 

 

I think if it was something a doctor was recommending to me then I probably 

would. I would probably take it on face value that it was a legitimate thing. (P11)  
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Appendix AL: Desired Features for the Digital DPP (Study Three) 

Supplemental Table 12 

Desired Features for the Digital Diabetes Prevention Programme 

Feature Quotation 

Blood glucose 

monitoring 

If it monitors the blood sugars and things like that. I was surprised when I had the 

gestational diabetes, just how much your sugar can increase, even with a little 

chocolate bar. So, if it was monitoring things like that, I think it's good to know. 

Like even, I noticed when you have a proper meal and have something nice 

afterwards it doesn't spike as much, that kind of thing. (P7)  

Nutritional 

information 

and advice 

What can you put in your shopping list today and maybe calorie count per 

shopping list or something like that…if you had total carbs or something per meal 

or…if there was something like that it would be handy for me. (P7) 

 

Are there diet sheets and recipes included in it in anyway? But just, you know, a 

diet plan certainly where I would see maybe where I am going wrong and maybe 

even introduce new foods into my own diet. (P15)  

Enables 

autonomy 

I don't want somebody telling me, ‘you ate too much pieces of meat yesterday, 

and you didn't have your fish today, and you should have your apple tomorrow.’ 

No, I want to be told like, ‘you need to eat X amount of fish twice a week and I go 

away and do it.’ I don't want to be told what to do. I want to live my life. I want to 

know how to do it and the best way to do it and um, and to go away and work on 

it. (P2)  

Suitable for 

people with 

gestational 

diabetes 

I know from people that I know that have had gestational diabetes that, you know, 

the linking in, the keeping the food diaries, to checking in with the nurse, the app 

would do that very same thing without all that going in and out to the 

hospital…would someone with the likes of gestational diabetes if they got that 

would that, would they get access to that app? (P6)  

Qualified 

health coaches 

I like the coach thing. The checking in, but the qualifications of the coach would 

be my question because it gets mixed up in video one at around 2:24. You're 

talking about the healthcare professional, then you're talking after that about the 

doctor, so what is the healthcare professional involved? (P3) 

 

I'd be interested to see if the dietitians know enough about diabetes in particular. 

Are they experts within their field because I think nutrition probably is quite a 

vast area and what you might need to know for your nutrition in one disease might 

be slightly different for another disease. (P5)  
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Information 

privacy 

guarantee 

I think there is a place for this type of thing, but prove that it's encrypted, it's 

private, and I suppose keep the judgement out of it. (P3)  

Facilitates 

motivation 

I think the overall thing you really need someone to motivate you and to keep you 

going…I think motivation would be something that would have to be high on my 

list there and realistic goals. (P16)  

Sound 

evidence base 

I'd like to know, has it worked, and as I say like, is it a long-term result, are there 

long-term results there, and did they claim that people are reversing diabetes after 

six months? We'll I've done that, so that's like, tell me about people who have 

been doing it for two years and where are they now? (P2) 

 

I think it is the platform to have right stuff, but it needs stuff, needs to be verified 

and validated. (P3) 

 

Something like that would be a good go-to thing where you could get information, 

and I suppose evidence-based information that’s accurate, that’s not like 

somebody making it up. (P6)  

Need to be 

flexible, 

adaptable, and 

tailored 

To leave it at the basic level if that's what one wants, and if they want a higher 

function then another person can get that out if it. And then because like, on my 

phone I can only, I just use certain amounts, I don't use it to the full function so 

we're all using things at different levels. (P1) 

 

I suppose people could opt in and out. Like as the group side of it people could 

opt in and out, and if they just want to do the coach side of it, the link with their 

coach, their doctor, upload their stuff on a one-to-one basis, that they have the 

choice to do that and then maybe as an add-on they could do the group or the 

forms. Because I suppose some people will just want to look ‘I’ll just link with 

my coach, my doctor, I don’t want to be linking with anybody else.’ But other 

people might thrive on linking with other people and groups and getting that, I 

suppose, shared experience group support. (P6) 

 

I'm always caught between whether you should be very prescriptive in these 

things, or should be tailored to suit the person's need, and I think it has to be 

tailored. I don't think something very prescriptive would work for me. (P8) 

 

I think that definitely having personalised goals that aren't computer-generated. 

That would be a massive thing. Um, because sometimes I feel like you're entering 

in data into the app, and you're like ‘why am I even doing this?’ Like no one's 

looking at it it's only me looking at it. (P10) 

 

Yeah, I think I would want to be…to be able to tailor it to you, you know. Maybe 

with its guidance…if a health coach is telling you, ‘well you're focused on diet, 

but actually I think you really need to be exercising as well.’ (P11) 

 

I would really want it to be able to completely ignore weight, so like even on my 

watch I have my weight set to 10kg so that none of the information on calories 
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burned or anything like that is actually relevant to me because I just don't need to 

see that, it’s not something I want to get drawn into. (P13) 

 

Flexible and not so much, you know, life happens. Yesterday was Mother’s Day, 

and it was business as usual here…my husband pulled a muscle…on a day like 

that if you were talking with a health coach or dietitian or app, it is not a day when 

you could go off and do the walk or do whatever you know. There would have to 

be flexibility. (P16)  

Gamification The concept of getting incentive, financial incentive or getting points that you can 

cash in for gifts or whatever, I thought that was a good idea that I've never seen 

over here. (P9)  

Homogenous 

peer groups 

If there was, just say for example that someone who got type 2 diabetes um, well 

say that the type 2 people are, they are all in one group and then the type 1 in 

another group…so they’re not under pressure with people who have type 2 

diabetes…If there were shared kind of common goals. (P6) 

 

For example, chronic disease I mean, disease specific, do you know, because if 

you match a patient with arthritis, it won't be the same, it won't have the same 

mobility issues as someone with diabetes necessarily. Like that type of 

demographic as opposed to all people over 40 whatever. (P10) 

 

That it’s enjoyable I suppose that, you know, it's not about what you can't have or 

can't do or whatever, that it's you're linking in with people who have the same 

motivation as you. (P14)  

Linked to 

personal 

medical 

records 

If the doctor said, ‘do this’ that you know ‘yeah do this,’ and if my medical 

records were feeding into it somehow you now, and if there was that connection 

with the GP, I'd feel comfortable enough. Again, it comes down to this holistic 

thing, you know, if the GP already has all that information this app will provide 

some other information that will help in my general health. Or the information the 

GP could feed into this will help. An extra layer of explaining isn't helpful. (P8)  

Online 

exercise 

classes 

I just thought if there was maybe, exercise classes, a bit informal. YouTube or 

something, I don't know, something like that. Especially now at home ‘cause we 

can't go out, we can't go to the gym, and the online stuff has really taken off so 

again, sign up for a weekly class, and you have to do it. But it's on your own 

time…scheduled ones every week, and I know the forum as well is there. Me 

personally, I'd nearly like every week, you know a set time. If it's not there, and 

it's not scheduled I won't bother. (P7)  

Reliable 

technology 

I suppose as long as the app does what I want, I'd use it. But yeah, if it didn't, if it 

wasn't easy to use and didn't give me what I want, I wouldn't be that interested in 

it. (P2) 

 

It needs to be tried and tested beforehand because if people start to get the feel 

that something's not accurate or it's not picking up what it's supposed to be 

picking up, it just kind of gives a downer on it. (P5)  

Easy setup You don't want to spend time programming your watch or your app when you 

should be actually doing your walking. Don't want to spend too much time 
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switching through them, just get out and go. So, if it's not working you know, 

unless it's a new skill I'm learning…I think to, for long term to sustain things to 

keep you going it would have to be easy and simple. (P16)  

Reminders 

and prompts 

Sometimes you know you have a lot of apps on your mobile and you forgot about 

that with time. So, I think it's a good thing that a little reminder of these type of 

things are good. (P4) 

 

There should be nearly a little red flag in the corner or something to say you didn't 

reach your target this morning, and I think that would be motivating. (P7) 

 

If you don't wear them, you're missing out as well. Like I took it off for a week 

and then I kind of got lazy then when I didn't keep it on all the time so, I don't 

know maybe it should beep at me or something and tell me to put it back on. 

Remind me it's there yeah, you get out of habit very quickly without using them. 

(P7)  
 

 

 


