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1. Introduction

Type 2 diabetes mellitus is a progressive metabolic disease defined by chronic hyperglycaemia due to the combination of insulin resistance in peripheral tissues and progressive failure of insulin-producing cells of the pancreas (Jyothi Vybhavi et al., 2025). There is a difference between Type 1 diabetes, which is autoimmune and leads to absolute insulin deficiency, and Type 2 diabetes, which usually begins with a decrease in the tissues' sensitivity to insulin, which causes β-cells to overproduce insulin in an attempt to make up for this reduced sensitivity. Chronic glucotoxic and lipotoxic stressors lead to progressive dedifferentiation of β-cells and loss of β-cells by apoptosis, such that by the time clinical diagnosis is made, β-cell function is usually reduced by about 50% compared with healthy individuals (Metabolic reprogramming, 2025). This pathophysiological continuum explains the rationale behind the concept of a continuous (rather than a binary) diagnosis of diabetes. 

This is a major and growing problem in the United Kingdom. There are currently about 4.6 million people who are diagnosed with diabetes (a record high) and of those, 90% are diagnosed with Type 2 diabetes (Diabetes UK, 2025). Another 1.3 million people are estimated to have undiagnosed Type 2 diabetes, and 6.3 million people have non-diabetic hyperglycaemia (also known as prediabetes), making over 12 million people in the UK have type 2 diabetes or prediabetes. The economic impact is also alarming: if things continue as normal, the cost of diabetes-related complications that could have been prevented is estimated to hit the NHS at £18 billion by 2035, up from the current £6.2 billion (Diabetes UK, 2024). These figures are not just epidemiological abstracts but real life in general practice as nurses, we are increasingly seeing patients who would benefit from a better understanding of their condition to be more able to engage with their care plan. 

There are multiple factors that increase the risk for diabetes, both modifiable and non-modifiable. Risk factors that cannot be changed are age (especially over 40, or perhaps over 25 for people of South Asian or African-Caribbean origin), ethnicity (South Asian, African-Caribbean and Middle Eastern populations are at higher risk) and having a family history of the condition (NICE, 2024). Central obesity, physical inactivity, poor food choices (especially refined carbohydrates and saturated fats), smoking and hypertension are the modifiable risk factors that are focused on in this report. The interactions between these factors are complex, for example, central adiposity leads to increased systemic low-grade inflammation, characterised by increased levels of cytokines like tumour necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), which decreases insulin signalling and increase recruitment of immune cells to insulin-sensitive tissues (Jyothi Vybhavi et al., 2025). This inflammatory environment not only worsens insulin resistance, but it also plays a role in the gradual loss of β-cell function. It is important to practice nurses to understand these mechanisms, as it will give them the physiological basis for why lifestyle modification continues to be the basic treatment approach for the management of diabetes.

2. Physiological Regulation of Blood Glucose

Blood glucose levels in healthy people are tightly regulated, between 3.9 and 6.9 mmol/L, by the coordinated action of two antagonistic hormones, secreted by the pancreas, insulin and glucagon. There are two negative feedback cycles that are interdependent that regulate this homeostasis. After a meal, the blood sugar level increases, and the pancreatic β-cells sense this increase and release insulin (Scientific Reports, 2018). Insulin is able to inhibit glucose production by the liver (by suppressing glycogenolysis as well as gluconeogenesis) and to promote glucose uptake and storage in skeletal muscle and adipose tissue. During fasting or physical activity, pancreatic α-cells release glucagon which stimulates glycogenolysis and gluconeogenesis in the liver, thus increasing glucose in the blood. The two hormones are mutually antagonistic: insulin inhibits glucagon secretion from α-cells while glucagon stimulates insulin secretion from β-cells, to create a paradoxical paracrine feedback loop which dampens the overshoots in blood glucose and stabilises glycaemic control.
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Figure 1: Insulin - Glucagon Negative Feedback Loop in Glucose Homeostasis

Source: (Scientific Reports, 2018)

This elegant regulatory system goes awry in diabetes. Insulin resistance in skeletal muscle and/or liver results in diminished responsiveness to the insulin signal and causes a decreased uptake of glucose by target tissues and increased production of glucose by the liver. In the first few years, β-cells try to compensate by secreting more insulin, which leads to an excess (hyperinsulinaemia), that might keep blood sugar levels near normal (Jyothi Vybhavi et al., 2025). But this is a compensating mechanism that is not sustainable. Gradually, as the β-cell is exposed to high levels of glucose (glucotoxicity) and lipids (lipotoxicity), it becomes dedifferentiated and undergoes apoptotic cell death. Furthermore, glucagon is abnormally secreted from α-cells in the pancreas, which further worsens hyperglycaemia, and there is a diminished incretin effect in diabetes patients where gut hormones like GIP and GLP-1 do not have the same effect as pre-prandial insulin. This has significant clinical implications; diabetes is not just an insulin deficiency disease, it is a complex disorder of insulin deficiency, insulin sensitivity and disturbed counter-regulatory hormone release.

3. Cellular Metabolism: Oxygen, Glucose, and Energy Production

On the cellular level, glucose is used as the chief source of energy production in the cell, known as adenosine triphosphate (ATP). Glycolysis alone only produces 2 ATP molecules for the complete oxidation of one molecule of glucose in aerobic respiration yields around 30 ATP molecules. This process involves three sequential and integrated steps of glycolysis, tricarboxylic acid (TCA) cycle and oxidative phosphorylation.

The cytoplasm is the site of glycolysis and during the process one molecule of glucose is converted to two molecules of pyruvate giving a net gain of 2 ATP and 2 NADH. Pyruvate is then excreted into the mitochondria where it is converted to acetyl coenzyme A (acetyl-CoA) with the generation of NADH and the release of CO2. The Acetyl-CoA then passes into the TCA (Krebs) or citric acid cycle in which it is oxidized to CO₂, generating further NADH, FADH2 and GTP. The reduced coenzymes NADH and FADH₂ then transfer the electrons to the electron transport chain (ETC) which is a part of the mitochondrial inner membrane. Protons are pumped across the inner membrane as they travel along the ETC producing an electrochemical gradient. The proton-motive force is used to synthesize ATP by the enzyme F₀F1 ATP synthase, called oxidative phosphorylation. The final electron acceptor is oxygen which combines with protons and electrons to create water (European Journal of Clinical Investigation, 2025).

This metabolic machinery is dysfunctional at a number of levels in diabetes. Over time, an excess of glucose in the bloodstream contributes to increased flux through the polyol pathway and the formation of advanced glycation end-products (AGEs), which can lead to cell injury and dysfunction of the mitochondria (Metabolic reprogramming, 2025). Insulin resistance causes less glucose to be taken up in skeletal muscle, which is the most important site for postprandial glucose disposal, thus preventing cells from being provided with substrate necessary for ATP production in the presence of high glucose levels. This paradox is a major feature of diabetes: patients feel tired and are not as tolerant of exercise as their blood glucose levels would suggest. That's a powerful reason for the nurse to share with patients why controlling blood glucose isn't simply about “lowering the sugar numbers” it's about getting glucose to cells that need it to work.

4. Recording and Tracking Blood Glucose Levels

It is essential for blood glucose to be recorded systematically and efforts to track the levels, as this assists patients and clinicians to make informed decisions about treatment. Structured self-monitoring of blood glucose (SMBG) instantaneously gives feedback on the connection between lifestyle behaviours (food choices, physical activity/exercise) and glycaemic outcome (Holmes-Truscott et al., 2023). This is a powerful educational feedback loop: when a patient sees that a 30-minute walk after having dinner lowers blood glucose by 2-3 mmol/L, they have tangible proof that this behaviour works well for them, and this helps to encourage adherence.

There is recent evidence that continuous glucose monitoring (CGM) is better than traditional SMBG in some populations. In an adult basal insulin-treated diabetes population, CGM was found to be significantly more effective for lowering HbA1c levels than SMBG in a recently published, open-label, multi-center, randomized, superiority trial in The Lancet Diabetes & Endocrinology (The Lancet Diabetes & Endocrinology, 2026). At 32 weeks, 70% of CGM users achieved a ≥0.5% reduction in HbA1c versus 49% of SMBG users (OR 2.76, 95% CI 1.56-4.90; p=0.0006), and time spent in the target glucose range (3.9-10.0 mmol/L) was significantly higher in the CGM group (60.2% versus 50.1%; adjusted mean difference 10.6%, 95% CI 4.8-16.3; p=0.0004). The results are not just numbers they mean real improvements in glycaemic control, with direct implications in the prevention of microvascular and macrovascular complications.

	Monitoring Method
	HbA1c Reduction (≥0.5%) at 32 Weeks
	Time in Target Range (3.9–10.0 mmol/L)
	Clinical Implication

	CGM
	70% of participants
	60.2% of time
	Superior glycaemic control; reduced hypoglycaemia risk

	SMBG
	49% of participants
	50.1% of time
	Adequate for some; less comprehensive data


Table 1: Summary of Key Evidence on Glucose Monitoring in Type 2 Diabetes
Source: (The Lancet Diabetes & Endocrinology, 2026)

Physiologically, the importance of monitoring is its ability to designate glycaemic variability (the changes in blood glucose levels), which is now known as an independent risk factor for cardiovascular complications, apart from mean HbA1c (Holmes-Truscott et al., 2023). Furthermore, monitoring allows the patient to become aware of the patterns and triggers, for instance, the dawn phenomenon (hyperglycaemia in early morning that is associated with nightly secretion of growth hormone and cortisol) or hyperglycaemia after a particular meal. For the practice nurse, this information is a catalyst to shift the consultation from a one-off reading of an HbA1c to a discussion based on evidence and experience, their patient's physiology and lifestyle. 

5. Evidence-Based Lifestyle Recommendations

Lifestyle changes are the cornerstone of diabetes treatment and multi-behaviour interventions using lifestyle approaches to dietary, physical activity and smoking cessation changes have shown clinically significant reductions in glycaemic markers and cardiovascular risk. Of 61 studies reviewed and synthesized with 15 studies specific to the impact on diabetes interventions targeting multiple behaviour components, most commonly diet and physical activity, were shown to be associated with positive effects on diet, physical activity, and medication adherence (PMC, 2024). The conclusions drawn in this paper support a holistic approach, taking into account the interconnectedness of lifestyle risk factors.

Dietary change is probably the single most important intervention. There is good evidence that a Mediterranean-type diet pattern, defined by Wu et al. (2025) as a high vegetable and legume, high whole grain, high olive oil, high fish, low red meat and low refined carbohydrate pattern, is best. This diet has been linked to good glycaemic control, healthier cardiovascular risk in people with diabetes. Because caloric restriction (as appropriate) is an effective means of weight loss, it is associated with decreased central adiposity and insulin sensitivity. For the patient emphasis should be given to portion control, inclusion of low-glycaemic-index carbohydrates and adequate dietary fibre (30g/day) that helps to slow the glucose absorption rate and dampen the postprandial hyperglycaemic peak (NICE, 2024).

Exercise acts in many ways to increase insulin sensitivity: by stimulating the translocation of GLUT4 to the muscle, improving mitochondrial activity, and decreasing systemic inflammation. According to current guidelines, individuals should aim for 150 minutes of moderate aerobic exercise each week in addition to 2-3 days of resistance training. Physiological reasons are also sound: Skeletal muscle contains about 80% of insulin stimulated glucose disposal, and contracting muscle can take up glucose in an insulin independent way which can lower blood glucose even if insulin signalling is impaired (Zhang et al., 2023).

Smoking is an important but underutilized intervention for management of diabetes. Smoking alone is an independent risk factor for insulin resistance leading to microvascular complications like nephropathy, retinopathy and neuropathy. Yet a systematic review showed that smoking cessation interventions were not as effective as diet or physical activity interventions, and that there might be a need for specific intensive smoking cessation support rather than relying on support within a broader lifestyle intervention Driva et al. (2024). Practice nurses should therefore consider referring patients to specialist smoking cessation services, and consider using any of the recommended pharmacotherapy, if appropriate.

6.  Conclusion

Type 2 Diabetes is a complex situation, requiring an equally complex management strategy. The problem develops due to gradual imbalance of the glucose homeostatic balance mechanism, which relies on complex balance between insulin and glucagon, functional integrity of pancreatic β-cells and tissue responsiveness. The breakdown of this mechanism has cascading effects on the cell (deficits in ATP production and mitochondrial function) up to the systemic level (hyperglycemia, inflammation, vascular damage). The evidence that is presented in this report shows that structured self-monitoring of blood glucose, along with directed lifestyle modification, has the potential for considerable glycaemic control and the lowering of risk for complications (Holmes-Truscott et al., 2023). The responsibility of the practice nurse is not just to provide information but to convert biological concepts into information that's useful, patient centred and enables people to participate in their care plan. This combined, evidence-based solution is only what's needed to tackle the diabetes epidemic which affects one in five people in the UK.
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