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1.0 Introduction
Diabetes mellitus (DM) refers to a metabolic disorder characterised by persistent hyperglycaemia caused by either impaired insulin action, a lack of insulin secretion or both (Antar et al., 2023). Generally, insulin is an anabolic hormone and affects the metabolism of carbohydrates, proteins and lipids (Poznyak et al., 2020). Due to insulin resistance, the metabolic abnormalities that result from diabetes mainly affect tissues such as skeletal muscles, adipose tissues and the liver; however, the severity of symptoms may vary depending on the type and duration of diabetes (Rossi et al., 2019).
DM occurs in several distinct types, each with its own causes and unique characteristics. For instance, Type 1 diabetes involves the immune-mediated destruction of insulin-producing pancreatic β-cells, leading to insulin deficiency (Lucier & Weinstock, 2024). On the other hand, type 2 diabetes mellitus (T2DM), which accounts for at least 90% of cases of diabetes in the UK (PHE, 2018), occurs as a result of defective insulin secretion by pancreatic β-cells and the inability of insulin-sensitive tissues to respond to insulin (Roden & Shulman, 2019). Both types of diabetes can, however, have life-changing complications, as they can cause kidney disease, affect vision, lead to heart attacks or strokes, as well as cause polydipsia or dysuria (Antar et al., 2023; NHS England, 2024a). 
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Figure 1: Classification of Diabetes Mellitus (Antar et al., 2023)

In the UK, an estimated 5.6 million people live with diabetes and this number continues to rise due to increasing obesity and sedentary lifestyles (NHS England, 2024a). Additionally, more than half a million more people (549,000) have been found by the NHS to be at risk of developing type 2 diabetes within a year (NHS England, 2024b). Several factors increase the risk of diabetes. Some of these factors include genetic predisposition, obesity, sedentary lifestyle, poor diet, smoking and ageing (Ismail et al., 2021; Stene et al., 2023).
As a result, this report aims to gather evidence-based information to educate patients at a local GP surgery on understanding diabetes, monitoring and managing their blood sugar levels, as well as improving their lifestyle behaviours to achieve better health outcomes. Additionally, anatomical and physiological knowledge will be linked to practical nursing interventions, outlining the role of patient education in enhancing self-management.

2.0 Regulation of Blood Sugar Levels
Glucose homeostasis largely depends on the balanced secretion of glucagon and insulin from the alpha and beta cells in the pancreas in a closely regulated multiloop feedback system (Hædersdal et al., 2018). After a meal, the pancreas is stimulated to release insulin due to the high plasma glucose levels (hyperglycaemia). In turn, the beta cells of the islets of Langerhans detect this increase and secrete insulin, which promotes glucose uptake and use by insulin-dependent tissues, stimulates the formation of glycogen from glucose (glycogenesis) in the liver and muscle and suppresses glucagon secretion (Antar et al., 2023). On the other hand, during hypoglycaemia (low glucose levels), the alpha cells of the islets of Langerhans detect a drop in glucose levels and release glucagon. When this glucagon gets to the liver, it promotes the breakdown of glycogen to glucose (glycogenolysis). This further promotes the synthesis of glucose (gluconeogenesis), inhibits glycogen formation (glycogenesis) and further mobilises the export of glucose into the bloodstream (Hædersdal et al., 2018).
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Figure 2: Regulation of blood glucose levels (Hædersdal et al., 2018)

In individuals with T2DM, a flaw in the feedback loops between insulin action and insulin secretion leads to abnormally high glucose levels in the blood (Stumvoll et al., 2005). In cases of β-cell dysfunction, there is a marked reduction in secretion, which limits the body’s ability to maintain physiological glucose levels (Galica-Galica et al., 2020). Insulin resistance (IR), on the other hand, contributes to the increased production of glucose in the liver and decreased uptake of glucose in the muscle, liver and adipose tissue (Freeman & Pennings, 2023). Even in cases where both processes occur early in the pathogenesis and contribute to the development of T2DM, β-cell dysfunction is usually more severe than insulin resistance (Galica-Galica et al., 2020). However, in such cases where both β-cell dysfunction and IR are present, the progression of T2DM is accelerated due to the amplification of hyperglycaemia (Cerf, 2013; Zheng et al., 2018). This poses severe risks as hyperglycaemia contributes to the impairment of retinal endothelial cells (RECs) by ischaemia, oxidative stress and the release of pro-inflammatory factors (Yang et al., 2024). Additionally, uncontrolled chronic hyperglycaemia is linked with micro- and macrovascular complications such as diabetic nephropathy (DN), retinopathy, and neuropathy (ADA, 2022).
Clinically, maintaining normal blood glucose levels (euglycaemia) is important to prevent chronic and acute complications in patients. Nurses can contribute to achieving this by educating patients about the process of insulin resistance and how small lifestyle modifications can have significant benefits for their health outcomes.

3.0 Cellular Energy Production: Role of Oxygen and Glucose
At the cellular level, glucose is usually the final substrate that enters the tissue cells and converts to ATP (adenosine triphosphate) (Chaudry & Varacallo, 2023), while oxygen is key for the generation of ATP through oxidative phosphorylation (Rhodes & Varacallo, 2022). The process of aerobic respiration primarily occurs in the mitochondria and this process occurs in three key stages: glycolysis, the citric acid (Krebs) cycle and oxidative phosphorylation (Ahmad et al., 2023).
During glycolysis, glucose is metabolised into two molecules of pyruvate, with an output of ATP and nicotinamide adenine dinucleotide (NADH) (Melkonian & Schury, 2023). During the Krebs cycle, each molecule of pyruvate is further oxidised into acetyl CoA and an extra molecule of NADH and CO₂ (Tarantino, 2022). The acetyl CoA is then used in the citric acid cycle, leading to the production of CO₂, NADH, flavin adenine dinucleotide (FADH₂) and ATP. The NADH and FADH₂ produced are subsequently used in oxidative phosphorylation to generate water and ATP, which are critical for cellular function, repair and homeostasis (Ahmad et al., 2023). Additionally, during oxidative phosphorylation, a series of oxidation-reduction reactions occur that involve the transfer of electrons from NADH and FADH₂ to oxygen across several protein, metal, and lipid complexes in the mitochondria known as the electron transport chain (ETC) (Deshpande & Mohiuddin, 2023). Approximately 30-32 ATP molecules are generated during this process, which are critical for fuelling essential cellular activities and maintaining homeostasis (Deshpande & Mohiuddin, 2023).
In patients with poorly controlled diabetes, the chronic exposure to high levels of pro-inflammatory factors, fatty acids and glucose inhibits ATP synthesis and impairs insulin secretion (Giacca et al., 2011). This reduction in ATP synthesis is usually accompanied by an increase in mitochondrial potential, triggering the production of excessive reactive oxygen species (ROS), which can cause oxidative stress that can impair insulin secretion (Wang et al., 2014). If left untreated, hyperglycaemia can lead to several life-threatening complications, such as damage to the eyes, nerves, heart, kidneys and peripheral vascular system (Mouri & Badireddy, 2023). 

4.0 Recording and Tracking Blood Sugar Levels
Individuals with diabetes generally require constant monitoring of their blood sugar levels to ensure the detection and prevention of hypoglycaemia and hyperglycaemia (Thobari, 2023). Routine monitoring of blood sugar levels has been noted to be effective for effectively evaluating the efficacy of treatment measures, adjusting their insulin levels and reducing the risks of glycaemic events (NICE, 2023).
To accurately record and track blood sugar levels, a range of tools can be used, including blood glucose meters, continuous glucose monitors and urine tests (Thobari, 2023). Individuals with diabetes can use self-monitoring blood glucose measures to measure their blood sugar at home using glucometers (Ewunetu et al., 2025). Evidence indicates that self-monitoring blood glucose measures provides several benefits, including patient empowerment, enables providers to modify treatment decisions and help patients stay on target, as well as lowers the patients' risk of developing health challenges over time (Bhattad & Pacifico, 2022; Pleus et al., 2022). Continuous glucose monitors can also be used to improve glycaemic control in adults with T2DM who use insulin. Continuous glucose monitors, which are small sensors inserted under the skin, provide sufficient, continuous and reliable recordings of blood sugar levels throughout the day (Thobari, 2023). This tool is clinically important, as it helps care providers to quickly record blood glucose levels and record adjustments, if necessary (NICE, 2023). However, to ensure long-term control and management of blood glucose levels, HbA1c tests can be conducted to measure the glucose control levels of an individual. This test provides accurate information on the average blood sugar levels for 2-3 months, expressed as a percentage (Eyth et al., 2023). Overall, several studies have found that patients who routinely tracked and recorded their blood glucose levels have been able to identify patterns in the fluctuation of their blood glucose levels and the impact of diet, exercise and medications (Weinstock et al., 2020; Mathew et al., 2023). This can further enable such patients to increase their self-efficacy in diabetes management and reduce the risk of hypoglycaemic events and hospital admissions (NICE, 2023).
From a nursing perspective, it is important that education is provided to patients on the importance of tracking and recording their blood sugar levels and how to use the different tools. It is also important that inequalities in the access and uptake of monitoring tools are addressed by identifying groups who have a lower uptake and engaging them to facilitate an increase in their access and use (NICE, 2023).

5.0 Lifestyle Factors and Evidence-Based Recommendations 
While several medications have been designed for the management of diabetes, evidence suggests that following a diagnosis of this condition, it is important to consider lifestyle modifications to prevent the worsening of the disease (Hatami et al., 2023; Patel & Keyes, 2024). Some of these lifestyle modifications include: 
i. Weight Loss: 
Weight loss has been identified as an effective lifestyle modification for the improvement of insulin secretion, including for patients with T2DM who are obese or overweight (Patel & Keyes, 2024). Evidence from several studies supports the notion that there is a strong association between weight loss and a decreased risk of developing T2DM (Yun & Ko, 2021). For instance, the studies by Kosaka et al. (2005) and Feldman et al. (2017) revealed that individuals with T2DM who were required to perform moderate-intensity physical activity and placed on a calorie-reduced and low-fat diet lost about 7% of their body weight over a year and this was linked to a considerable reduction in the incidence of diabetes.
ii. Physical Activity
Physical activity has also been found to be effective in preventing and managing T2DM. For instance, a Finnish study called the Diabetes Prevention Study placed some middle-aged adults who were overweight and had impaired glucose tolerance in an intervention group with the goal of 30 minutes or more of moderate-intensity exercise each day (Crandall et al., 2008). The study noted a marked reduction in the risk of developing T2DM in these individuals, leading to better health outcomes. Additionally, Yang et al. (2024), in their study, found that moderate and high levels of physical activity were linked with a lower risk of developing T2DM. The physiology surrounding glucose metabolism and physical activity supports these findings, as physical activity causes an increased uptake of glucose into muscles as they are actively used (Colberg et al., 2010).
iii. Smoking Cessation
Evidence indicates that exposure to cigarette smoke and its combustion by-products can lead to the activation of several pathways linked with the development and acceleration of diabetes complications (Alnima et al., 2023; Walicka et al., 2024). As a result, nursing-led interventions are recommended to facilitate smoking cessation, as this lifestyle modification is associated with decreased risks of myocardial infarction and ischaemic stroke, as well as reduced diabetic nephropathy (Walicka et al., 2024).
iv. Patient Education on Self-Management
A critical element of comprehensive diabetes care to facilitate lifestyle modification is self-management education (Maina et al., 2023). For instance, the structured diabetes self-management education programme, DESMOND (Diabetes Education and Self‐Management for Ongoing and Newly Diagnosed), has been found to be effective for improving health outcomes for patients. The study by Scannell et al. (2025) on the administration of DESMOND by a registered dietitian in a primary care setting for 6 months resulted in better glycaemic control and clinically significant improvements in BMI and weight. According to the NHS (2024), the DESMOND programme helps people improve their diabetes, maintain a healthy weight, reduce stress and tiredness and reduce the amount of medication needed.

6.0 Conclusion
Diabetes mellitus continues to present significant challenges in the UK and this challenge continues to rise due to increasing obesity and sedentary lifestyles. Several factors predispose individuals to the development and worsening of diabetes, including obesity, sedentary lifestyle, poor diet, smoking and ageing. As a result, it is clinically important to understand the physiological regulation of blood glucose levels to inform nursing practice and enhance patient education, especially for self-management. Monitoring tools such as HbA1c blood glucose meters, continuous glucose monitors and urine tests are noted to be effective for obtaining accurate blood sugar levels, enhancing the capacity of nurses to personalise care plans to prevent glycaemic risks in patients. Additionally, lifestyle modifications such as increased physical activity, weight loss, smoking cessation and patient education are important for improving the health outcomes of people with diabetes.
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