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CHAPTER 1: Introduction (1,000 words approx.)

1.1 Introduction 
[bookmark: _Int_SYDkLqPg][bookmark: _Int_x2djRO8r][bookmark: _Int_nVuOeWaE]Type 2 Diabetes Mellitus (T2DM) is a chronic and progressive metabolic disorder characterised by persistent hyperglycaemia resulting from insulin resistance and the gradual dysfunction of pancreatic B-cells responsible for insulin secretion (Saini, 2010; Achilli, Deng, and Liu, 2025). The condition accounts for 90–95% of all diabetes cases globally and is widely recognised as one of the most significant public health challenges facing modern healthcare systems (Bellary et al., 2021). In the United Kingdom, the prevalence of diabetes has increased over the past two decades. Recent NHS data indicate that more than 4.9 million people are currently living with diabetes, with the majority diagnosed with T2DM and prevalence rising significantly among adults aged 60 years and older.

[bookmark: _Int_gFN8Mg4Z][bookmark: _Int_d5FQKPmJ]Population ageing has intensified the burden of T2DM, particularly in large urban centres such as Birmingham. Birmingham is the second largest city in the UK, with a population exceeding 1.1 million people and characterised by substantial ethnic diversity and socioeconomic variation. Epidemiological research suggests that areas with higher deprivation and diverse populations, such as Birmingham and the West Midlands, demonstrate higher diabetes prevalence with the national average (Congdon, 2006; Au-Yeung et al., 2024). Local health data indicate that 8–10% of adults registered with comprehensive practices in Birmingham have diagnosed diabetes, with prevalence increasing significantly with age and among South Asian and Black ethnic groups.

Ageing contributes to metabolic dysregulation through mechanisms, including increased visceral adiposity, mitochondrial dysfunction, oxidative stress, and chronic low-grade inflammation (Halim and Halim, 2019; Shou, Chen, and Xiao, 2020). These processes impair insulin signalling and glucose metabolism, increasing susceptibility to T2DM. Older adults with T2DM are therefore at increased risk of complications including cardiovascular disease, neuropathy, nephropathy, retinopathy, and cognitive decline (Arnold and Arvanitakis, 2018).
Aim of the Dissertation: 
[bookmark: _Int_JpFvV8jx]The primary aim of this dissertation is to explore the physiological mechanisms underlying Type 2 Diabetes Mellitus and examine its long-term health impacts among older adults living in Birmingham. By integrating current understanding of metabolic pathophysiology with local demographic and public health context, this study aims to provide insight into how ageing and environmental factors influence disease progression. The research seeks to contribute to improved health and social care strategies, supporting more effective prevention, management, and long-term care for older adults living with T2DM in Birmingham.
 
Definitions and Terminology 
 Key Definitions: 

[bookmark: _Int_sPcrY7zt]This dissertation examines the physiological mechanisms and overall health consequences of Type 2 Diabetes Mellitus (T2DM) among adults living in Birmingham. To ensure clarity and consistency throughout the study, key terms, and concepts relevant to the research are defined below.

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterised by persistent hyperglycaemia resulting from insulin resistance and pancreatic B-cell dysfunction, leading to impaired insulin secretion (American Diabetes Association, 2023). T2DM is the most prevalent form of diabetes globally and is associated with ageing, obesity, physical inactivity, and genetic predisposition.

[bookmark: _Int_GeN6ATd5]Insulin resistance refers to a pathological state in which peripheral tissues particularly skeletal muscle, and adipose tissue, exhibit reduced responsiveness to insulin. liver, and fat show reduced responsiveness to insulin, resulting in impaired glucose uptake and increased hepatic glucose production (DeFronzo, 2009).

B-cell dysfunction describes the progressive decline in pancreatic beta-cell function and insulin secretory capacity, During the early stage of T2DM, B-Cells compensate for insulin resistance through hyperinsulinemia, leading to reduced insulin production and poor glycaemic control.

[bookmark: _Int_eEQg1KJf]Hyperglycaemia is defined as elevated blood glucose concentrations, commonly assessed using fasting plasma glucose or glycated haemoglobin (HbA1c), which reflects blood glucose levels over two to three months.

T2DM is associated with microvascular complications, including cardiovascular disease and stroke, and microvascular complications such as nephropathy, retinopathy, and neuropathy (UKPDS Group, 1998). Frailty is a geriatric syndrome characterised by reduced physiological reserve and vulnerability to stressors and is more common in individuals with T2DM, particularly in older adults.

Acronyms and Abbreviations:
T2DM – Type 2 Diabetes Mellitus
HbA1c – Glycated Haemoglobin
BMI – Body Mass Index
CVD – cardiovascular disease
NHS – National Health Service 
UKPDS – UK Prospective Diabetes Study

  
1.3 Rationale for Research 
Purpose of the Research: 

[bookmark: _Int_xv6avsJj][bookmark: _Int_1FXaFQrH][bookmark: _Int_18bRJ02Z]The increasing prevalence of Type 2 Diabetes Mellitus (T2DM) among older adults represents a growing challenge for health and social care systems in the United Kingdom. As the population ages, the number of individuals living with chronic metabolic conditions such as T2DM continues to rise, increasing pressure on healthcare services, long-term disease management, and community support. Birmingham, the second largest city in the UK, has been identified as an area with high diabetes prevalence, particularly among ethnically diverse populations and communities experiencing socioeconomic deprivation (Public Health England, 2019). Research shows that South Asian and Afro-Caribbean populations are disproportionately affected by T2DM, often developing the condition at younger ages and lower body mass index thresholds compared with White European populations (Forouhi and Wareham, 2014).

[bookmark: _Int_vgeOITKM]Although extensive research has examined the biological mechanisms underlying T2DM, these mechanisms are often discussed at a general level. DeFronzo (2009) described the pathophysiology of T2DM through the “ominous octet”, highlighting the role of multiple organs in disease development. However, limited research integrates these physiological mechanisms with local population contexts within UK cities such as Birmingham.

[bookmark: _Int_WickaFt0]Several research gaps justify this study. There is limited research focusing specifically on older adults in Birmingham in relation to T2DM progression and long-term outcomes. In addition, many studies do not link physiological mechanisms with geriatric conditions such as frailty, multi morbidity, and cognitive decline. Socioeconomic inequalities and ethnic disparities are also underrepresented in mechanistic diabetes research. This dissertation aims to address these gaps by linking mechanisms with outcomes in a population.



Aim and Objectives 
To explore the physiological mechanisms underlying Type 2 Diabetes Mellitus and evaluate its long-term health impacts among older adults living in Birmingham.

Research Objectives: 
[bookmark: _Int_nDubsKjU]List the specific objectives that will help achieve the research aim. You will copy and paste this information from your proposal.

Objective 1:  To examine how age-related physiological changes affect glucose regulation and insulin sensitivity in older adults and analyse how these changes increase care needs within health and social care settings (Reimann, 2023).

Objective 2:  To analyse the key physiological characteristics of Type 2 Diabetes Mellitus in older adults, including insulin resistance and chronic hyperglycaemia (Sinclair et al., 2020).

Objective 3:  To evaluate the long-term physiological complications of T2DM in older people, such as cardiovascular disease, neuropathy, and renal impairment, and their impact on functional independence (WHO, 2022; Stratton et al., 2000).

Objective 4:  To provide evidence-based recommendations for improving the management and support of older adults with Type 2 Diabetes within Birmingham’s health and social care services (Diabetes UK, 2023; NHS Digital, 2022).

1.5 Conclusion 
Summary of Chapter 1: 
[bookmark: _Int_Vxo1NmF1][bookmark: _Int_OtvxT48H]This chapter has introduced the research topic by outlining the epidemiological and physiological significance of Type 2 Diabetes Mellitus among older adults, with particular emphasis on Birmingham’s urban and demographic context. Key terminology has been defined to establish conceptual clarity. The rationale for the research has highlighted existing gaps in integrating physiological mechanisms with long-term health outcomes within local populations.

· Signposting to Chapter 2: 

Briefly introduce the next chapter and explain its role in the dissertation. 
[bookmark: _Int_iZ1Ymi0X][bookmark: _Int_OGz5Uawh]The next chapter will present a comprehensive literature review examining current evidence on the pathophysiology of T2DM, its chronic complications, and the influence of demographic and socioeconomic determinants. This chapter will critically evaluate existing studies, identify limitations in current knowledge, and provide the theoretical and empirical foundation for the present research study. It will also highlight key debates, methodological approaches, and relevant public health perspectives that inform the research aims and objectives. Together, these discussions will justify the study’s focus and research questions and outline the conceptual framework used throughout.
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CHAPTER 2 – Background Information and Analysis 
2.1 Introduction 
Purpose of the Chapter: 
This chapter provides the conceptual and contextual foundation for understanding Type 2 Diabetes Mellitus (T2DM), with particular emphasis on its physiological mechanisms and long-term health impacts in older adults. The purpose of this chapter is to critically examine the historical development, theoretical frameworks, and policy contexts that have shaped contemporary knowledge of T2DM. Rather than presenting a purely descriptive overview, it considers how diabetes has been conceptualised within biomedical, epidemiological, and public health perspectives.

[bookmark: _Int_pCbZ9BFr]The chapter outlines the historical evolution of diabetes research, tracing the transition from early descriptions of symptoms to contemporary molecular explanations of metabolic dysfunction. It then examines key theoretical frameworks explaining T2DM, including insulin resistance, beta-cell dysfunction, and the concept of inflammaging associated with ageing populations. In addition, broader social perspectives are considered through the social determinants of health framework, which highlights how socioeconomic conditions influence disease risk.

Finally, the chapter situates T2DM within the United Kingdom policy context and highlights the relevance of Birmingham’s demographic and socioeconomic characteristics.

2.2 Historical Background
Development of the Topic: 

[bookmark: _Int_xKvWHoeV]The understanding of diabetes has evolved significantly over centuries, reflecting broader changes in medical knowledge and scientific methodology. Early references to diabetes appear in ancient Egyptian and Indian medical texts, which described symptoms such as excessive urination, persistent thirst, and unexplained weight loss (Polonsky, 2012). However, these early accounts lacked a clear explanation of the physiological mechanisms responsible for the condition and were based on observable symptoms rather than scientific evidence.

[bookmark: _Int_6moiAjda][bookmark: _Int_UMZqRbKh]A breakthrough occurred in the nineteenth century when Paul Langerhans identified clusters of cells in the pancreas, later known as the islets of Langerhans, which were eventually recognised as central to insulin secretion and glucose regulation. The discovery of insulin in 1921 by Frederick Banting and Charles Best transformed diabetes from a fatal disease into a manageable chronic condition and marked a turning point in endocrinology and metabolic research (Polonsky, 2012). The introduction of insulin therapy significantly improved survival rates and changed the clinical management of diabetes worldwide, allowing patients to live longer and healthier lives.

[bookmark: _Int_uDQTbd84]Despite these advances, the classification of Type 2 diabetes remained unclear for much of the twentieth century and was commonly referred to as adult-onset diabetes. This terminology reflected age of diagnosis rather than underlying biological mechanisms and overlooked the heterogeneity of the disease and its complex causes (Reed, Bain, and Kanamarlapudi, 2021). Over time, researchers recognised that Type 2 diabetes is a complex metabolic disorder influenced by multiple genetic, environmental, and behavioural factors rather than age alone.

By the late twentieth century, epidemiological evidence showed a rapid increase in the prevalence of T2DM, particularly in industrialised countries. This rise was strongly associated with lifestyle changes including reduced physical activity, increased consumption of energy-dense foods, obesity, and urbanisation (Forouhi and Wareham, 2014). Urbanisation, technological development, and changes in occupational structures also contributed to more sedentary lifestyles, further increasing the risk of metabolic diseases. These societal changes played a significant role in the global expansion of Type 2 diabetes, particularly in urban populations.

[bookmark: _Int_mCPQb8St]One of the most influential clinical investigations was the UK Prospective Diabetes Study, conducted between 1977 and 1997, which showed that improved glycaemic control reduced the risk of microvascular complications such as retinopathy and nephropathy (UK Prospective Diabetes Study Group, 1998). The findings of this study had a major impact on clinical practice and diabetes management guidelines. Consequently, HbA1c became widely used as a key indicator for monitoring long-term glucose control and guiding treatment strategies. The UKPDS also highlighted the importance of blood pressure control and cardiovascular risk management in individuals with diabetes.

[bookmark: _Int_2p0mQym9]Subsequent research, however, introduced complexities to this approach. Large clinical trials, including the ACCORD study, suggested that intensive glycaemic control may increase mortality risk in older adults due to hypoglycaemia and cardiovascular complications (Sinclair et al., 2012). These findings emphasised the need for more individualised treatment approaches, particularly for ageing populations with multiple co-morbidities, frailty, and polypharmacy. This marked a shift in diabetes management from strict glycaemic targets towards personalised and patient-centred care.

Another important development was DeFronzo’s (2009) “ominous octet” model, which expanded the understanding of T2DM by identifying eight interacting physiological mechanisms contributing to hyperglycaemia. These mechanisms include impaired insulin secretion, increased hepatic glucose production, adipose tissue dysfunction, altered incretin activity, increased glucagon secretion, increased renal glucose reabsorption, neurotransmitter dysfunction, and reduced glucose uptake in muscle tissue. This model provided a more comprehensive explanation of disease progression and highlighted the complexity of Type 2 diabetes pathophysiology. However, it has been criticised for maintaining a primarily biomedical focus that does not fully account for broader social determinants of health, such as poverty, education, environment, and access to healthcare.

[bookmark: _Int_77rCB14T][bookmark: _Int_aigTu5lA][bookmark: _Int_Qa05ooEq]In recent decades, diabetes has been increasingly recognised as a global public health challenge influenced by social, economic, environmental, and behavioural factors as well as biological mechanisms (International Diabetes Federation, 2021). Collectively, these developments demonstrate that the understanding of T2DM has progressed from early symptom-based descriptions to complex multidisciplinary models of disease. This historical progression highlights the importance of integrating biomedical research with public health and social perspectives to improve prevention, management, and long-term outcomes for ageing populations living with Type 2 diabetes. Such approaches support more effective and equitable healthcare strategies worldwide in the future.
Significant Historical Figures and Contributions
Several key researchers and institutions have significantly influenced the development of diabetes knowledge and treatment. Frederick Banting and Charles Best played a fundamental role through their discovery of insulin, which provided the first effective treatment for diabetes and dramatically improved patient survival rates (Polonsky, 2012). Their work remains one of the most important medical discoveries of the twentieth century.

[bookmark: _Int_LvfHqTsK]Later, Ralph DeFronzo contributed to a deeper understanding of the complex pathophysiology of T2DM through his “ominous octet” framework, demonstrating that hyperglycaemia results from dysfunction across multiple organs rather than a single physiological defect (DeFronzo, 2009). This model influenced modern pharmacological treatment approaches, which now target multiple physiological pathways.
[bookmark: _Int_BPgsO2eJ]The investigators of the UK Prospective Diabetes Study also made substantial contributions by establishing the importance of glycaemic control in preventing long-term complications, influencing clinical guidelines and evidence-based diabetes management strategies (UKPDS Group, 1998). Their research continues to inform diabetes treatment policies and clinical practice today.
[bookmark: _Int_VoGMpsaw]More recently, Sinclair et al. (2012) emphasised the need for personalised care approaches for older adults with diabetes, highlighting the risks of over treatment and the importance of maintaining patient safety, quality of life, and functional independence rather than focusing solely on glycaemic targets.
[bookmark: _Int_1tpXXL2w]Collectively, these developments illustrate how the understanding of T2DM has evolved from early symptom-based descriptions to complex models integrating physiological, behavioural, environmental, and public health perspectives. This historical progression demonstrates that Type 2 diabetes is not only a metabolic disorder but also a complex condition influenced by multiple interacting biological and social factors, reinforcing the need for multidisciplinary approaches to prevention, treatment, and long-term management.

2.3 Theoretical Background, Key Theories and Concepts: 
Insulin Resistance Paradigm
[bookmark: _Int_QK0Fs17U]One of the most widely accepted explanations for the development of Type 2 Diabetes Mellitus (T2DM) is the insulin resistance paradigm. This theory proposes that peripheral tissues, particularly skeletal muscle, and adipose tissue, become less responsive to insulin, resulting in reduced glucose uptake and elevated blood glucose levels (DeFronzo, 2009). In response, pancreatic beta cells initially increase insulin production to maintain glucose homeostasis; however, this compensatory mechanism eventually fails, leading to persistent hyperglycaemia. Insulin resistance is strongly associated with obesity, particularly visceral fat accumulation, which contributes to metabolic dysfunction through inflammatory pathways (Galicia-Garcia et al., 2020).

Beta-Cell Dysfunction and Glucolipotoxicity
[bookmark: _Int_p7uYQqOg]Another important theoretical framework focuses on beta-cell dysfunction. Prolonged exposure to elevated glucose and circulating free fatty acids can lead to cellular stress and progressive beta-cell damage, commonly referred to as glucolipotoxicity. This process reduces insulin secretion and worsens glycaemic control over time (Reed, Bain, and Kanamarlapudi, 2021). However, emerging evidence suggests that beta-cell dysfunction may not always be irreversible. Research involving bariatric surgery and significant weight reduction has shown that remission of T2DM can occur in some individuals, indicating that pancreatic function may partially recover under favourable metabolic conditions.

Inflammaging and Metabolic Senescence
The concept of inflammaging has become increasingly relevant in explaining T2DM in older adults. Inflammaging refers to chronic low-grade inflammation associated with ageing that contributes to the development of age-related diseases (Frasca et al., 2021). Inflammatory cytokines such as interleukin-6 and tumour necrosis factor-alpha can impair insulin signalling and promote metabolic dysfunction, accelerating disease progression and increasing the risk of complications including cardiovascular disease and cognitive decline (Talley et al., 2015).
Social Determinants of Health Framework
While biomedical theories provide insight into physiological mechanisms, they do not fully explain variations in diabetes prevalence across populations. The social determinants of health framework highlights how socioeconomic factors such as income, education, employment, and housing influence health outcomes (Marmot, 2010). Individuals living in disadvantaged communities often face limited access to healthy foods, safe recreational environments, and healthcare services, increasing vulnerability to chronic diseases including T2DM.
Application of Theories
These theoretical perspectives have influenced both diabetes research and clinical practice. The insulin resistance model underpins the mechanism of action of metformin, which reduces hepatic glucose production and improves insulin sensitivity (Bellary et al., 2021). The concept of inflammaging has informed research exploring relationships between diabetes, frailty, and cognitive impairment in older adults, while the social determinants framework has guided public health strategies and targeted diabetes prevention programmes.

Critical Evaluation of Theories
[bookmark: _Int_o8tmVoDH][bookmark: _Int_S67fNgJe]Although these theoretical frameworks provide valuable insights, each has limitations. The insulin resistance paradigm has been criticised for emphasising obesity while overlooking broader environmental influences. Similarly, the beta-cell exhaustion model assumes irreversible decline, yet evidence of diabetes remission suggests metabolic processes may be more adaptable. The concept of inflammaging remains supported by observational evidence, and the social determinants framework may insufficiently integrate biological mechanisms.
[bookmark: _Int_Y98QKI60]Recent research highlights the heterogeneity of T2DM. Ahlqvist et al. (2018) identified distinct subtypes of adult-onset diabetes based on genetic and metabolic characteristics, challenging traditional classifications and supporting more personalised treatment approaches.

2.5 National and Local UK Context 
UK Perspective
[bookmark: _Int_9p3kAIei][bookmark: _Int_gxyKxXC6]In the United Kingdom, Type 2 Diabetes Mellitus (T2DM) is recognised as a major public health concern due to its increasing prevalence and long-term health consequences. Approximately 4.9 million people in the UK are living with diabetes, the majority of whom have T2DM (NHS Digital, 2022). The condition places substantial pressure on healthcare resources and accounts for a considerable proportion of NHS expenditure. The burden of T2DM is particularly high among older adults, as ageing is associated with physiological changes that impair glucose metabolism and increase insulin resistance (Bellary et al., 2021). Prevalence is also higher among individuals living in socioeconomically deprived communities, highlighting the importance of wider social determinants of health.

National diabetes management
National diabetes management strategies are coordinated through primary care services. The NHS Long Term Plan (2019) emphasises prevention, early diagnosis, and integrated care pathways to reduce the burden of chronic disease. A key initiative is the NHS Diabetes Prevention Programme, which targets individuals at enormous risk of developing T2DM and promotes lifestyle interventions such as improved diet, increased physical activity, and weight management. Although evaluations suggest these interventions can reduce diabetes risk, participation and outcomes vary across regions and population groups. Ethnic inequalities further complicate the national diabetes landscape, as South Asian populations often develop T2DM at younger ages and lower body mass index levels compared with White European populations (Barnett et al., 2006).

Ethnic inequalities further
[bookmark: _Int_CZVNBar1][bookmark: _Int_Xntt0ukl]Clinical management of diabetes in the UK is guided by recommendations from the National Institute for Health and Care Excellence, which promote personalised treatment approaches based on age, comorbidities, and hypoglycaemia risk (NICE, 2022). The Quality and Outcomes Framework also incentivise general practitioners to meet clinical targets such as HbA1c monitoring, blood pressure control, and complication screening. However, critics argue that performance targets may prioritise measurable outcomes over holistic patient care. Integrated Care Systems were introduced to improve coordination between healthcare services, although workforce shortages and financial pressures continue to challenge service delivery.

Policy and Regulation
[bookmark: _Int_7mMOYY2t][bookmark: _Int_fxw9LO5P]UK diabetes care is guided by NICE guidelines, promoting personalised treatment based on age, comorbidities, and hypoglycaemia risk (NICE, 2022). The QOF incentivises GPs to meet targets such as HbA1c monitoring and complication screening. Integrated Care Systems aim to improve coordination across services, though workforce and funding challenges remain.

Local Context: Birmingham
At the local level, Birmingham provides a context for examining T2DM due to its diverse population and high diabetes prevalence. Public Health England reports that diabetes rates in Birmingham exceed the national average, reflecting demographic and socioeconomic influences. The city has a large South Asian population and areas of socioeconomic deprivation, both associated with increased risk of T2DM (Au-Yeung et al., 2024). Local health authorities have introduced community screening programmes and culturally tailored health education initiatives, although structural inequalities and access to healthy environments continue to influence health outcomes.

Chapter Summary
Overall, this chapter has examined the policy, demographic, and healthcare context shaping the understanding and management of T2DM in the UK and Birmingham, highlighting the need for integrated approaches addressing biological and social factors.
2.6 Conclusion 
Summary of Key Points: 

[bookmark: _Int_xH1HHoQk]This chapter has critically examined the historical development, theoretical frameworks, and policy contexts shaping contemporary understanding of Type 2 Diabetes Mellitus (T2DM). The discussion demonstrated how the conceptualisation of diabetes has evolved from early symptom-based descriptions to complex biomedical models encompassing insulin resistance, beta-cell dysfunction, and chronic inflammation.

[bookmark: _Int_KERp3B5q]While these physiological frameworks provide valuable insight into disease mechanisms, they do not fully account for social and environmental factors influencing its distribution. The social determinants of health perspective emphasise how socioeconomic conditions, cultural contexts, and health inequalities contribute to variations in prevalence and outcomes.

[bookmark: _Int_S3j958ko]Analysis of the UK policy landscape shows that diabetes management is supported through structured governance, including NICE guidelines and national prevention programmes. Nevertheless, persistent disparities in urban areas such as Birmingham highlight the limitations of biomedical approaches alone.

Signpost to Next Chapter: 
These insights underscore the need for research integrating biological and contextual perspectives. Chapter 3 therefore outlines the methodological framework used to investigate the physiological mechanisms and long-term health impacts of T2DM among older adults in Birmingham.
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