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Introduction
Type 2 diabetes mellitus (T2DM) is a rapidly growing global health concern and is strongly associated with rising obesity rates. People living with T2DM face an increased risk of developing microvascular complications such as retinopathy, nephropathy and neuropathy, as well as macrovascular complications, including cardiovascular disease. These risks arise from persistent hyperglycaemia and the wider metabolic disturbances linked to insulin resistance. A combination of environmental influences including obesity, poor diet and low physical activity and genetic predisposition contributes to the complex pathophysiological changes that disrupt normal glucose regulation in T2DM. Although insulin resistance and reduced insulin secretion are the primary defects, several additional abnormalities also play a role in the dysregulation of glucose metabolism. This can have a daily effect on glucose levels which is controlled with medication, diet and exercise (American Diabetes Association, 2023; Pickup and Williams, 2021)
Regulation of blood glucose levels
The pancreas performs both exocrine and endocrine functions. The exocrine component, made up of acinar cells, secretes pancreatic juice containing digestive enzymes into the main and accessory pancreatic ducts, which then empty into the duodenum. The pancreas performs both exocrine and endocrine functions. The exocrine component, composed of acinar cells, secretes digestive enzymes into the duodenum via the pancreatic ducts. The endocrine component consists of clusters of hormone‑secreting cells known as the islets of Langerhans, which play a vital role in regulating blood glucose levels through insulin and glucagon secretion. These small, island‑like structures are dispersed throughout the exocrine tissue and account for only 1–2% of the total pancreatic mass, yet they play a vital role in regulating blood glucose levels. (Marieb and Hoehn, 2019) Insulin facilitates glucose uptake by increasing the permeability of cell membranes, particularly in muscle and adipose tissue, allowing glucose to enter cells for energy production. Glucagon, conversely, stimulates hepatic glycogenolysis and gluconeogenesis to restore blood glucose during fasting (Hall and Hall, 2020).
Homeostasis refers to the body's ability to maintain internal stability, including blood glucose levels, within a a narrow range (typically4-7 mmol/L in healthy adults) Glucose is the primary energy source for cells especially the brain. Insulin and glucagon act as opposing hormones to maintain glucose homeostasis through negative feedback mechanisms. During periods of reduced blood glucose availability, including sleep, inter meal intervals, and extended fasting, pancreatic α‑cells increase glucagon secretion. This hormone promotes hepatic glycogenolysis, enabling the liver to convert glycogen into glucose and release it into the circulation to maintain homeostasis. Blood glucose regulation is a vital component of homeostasis, ensuring that cells receive a constant supply of energy while preventing harmful fluctuations in blood sugar levels. The pancreas plays a central role in this process through the secretion of insulin and glucagon from the islets of Langerhans. When blood glucose rises after eating, insulin facilitates glucose uptake by muscle and adipose tissue and stimulates hepatic glycogenesis, converting excess glucose into glycogen for storage. Conversely, when levels fall between meals, glucagon promotes glycogenolysis and gluconeogenesis in the liver, releasing glucose into the bloodstream to restore balance (Hall and Hall, 2020; Marieb and Hoehn, 2019). This dynamic feedback system is supported by additional hormones such as adrenaline and cortisol, which increase glucose availability during stress or fasting. Disruption of these mechanisms, as seen in Type 2 Diabetes, leads to persistent hyperglycaemia and impaired cellular energy production (DeFronzo et al., 2022). Disruption of normal hormonal balance in Type 2 Diabetes directly contributes to the clinical symptoms observed in patients such as in the case study. Persistent hyperglycaemia increases osmotic pressure within the bloodstream, drawing water from body tissues and leading to excessive thirst and frequent urination. Reduced cellular glucose uptake also limits ATP production, resulting in fatigue and slower wound healing due to impaired tissue repair and reduced immune efficiency (DeFronzo et al., 2022). Over time, these physiological changes can cause microvascular damage, affecting the eyes, kidneys, and peripheral nerves. Recognising these symptoms as consequences of disrupted glucose regulation enables health professionals to tailor interventions that restore balance through medication, dietary modification, and lifestyle support (NHS, 2024; Diabetes UK, 2024).
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Figure 1 illustrates the regulation of blood glucose through the opposing actions of insulin and glucagon. When blood glucose levels rise after eating, β‑cells in the pancreas secrete insulin, promoting cellular glucose uptake and glycogen synthesis in the liver. Conversely, during fasting or between meals, α‑cells release glucagon, stimulating hepatic glycogenolysis and gluconeogenesis to restore normal glucose levels. This negative feedback mechanism maintains homeostasis, which becomes impaired in Type 2 Diabetes Mellitus due to insulin resistance and reduced cellular responsiveness (Marieb and Hoehn, 2019; American Diabetes Association, 2023). The regulation of blood glucose not only maintains systemic balance but also directly influences cellular metabolism. Once glucose enters the cells under the action of insulin, it becomes the primary substrate for energy production through glycolysis and subsequent aerobic respiration. This process ensures that tissues such as skeletal muscle and the brain receive a continuous supply of ATP to sustain physiological activity. When insulin resistance occurs, as in Type 2 Diabetes, reduced glucose uptake limits the availability of fuel for these metabolic pathways, leading to diminished energy output and cellular dysfunction (Hall and Hall, 2020; Marieb and Hoehn, 2019). Understanding this link between hormonal control and intracellular energy production highlights the importance of maintaining glycaemic stability to support overall metabolic health and prevent fatigue and tissue damage (DeFronzo et al., 2022).

Cell metabolism
In type 2 diabetes, impaired glucose uptake reduces adenosine triphosphate (ATP) production, affecting cell metabolism and energy balance it is the primary energy carrier within cells It stores energy in its high‑energy phosphate bonds, These are released during hydrolysis to power essential cellular processes such as muscle contraction, nerve transmission, and active transport. Aerobic respiration converts glucose and oxygen into ATP, carbon dioxide, and water (Hall and Hall 2020) Cellular respiration converts glucose and oxygen into ATP, carbon dioxide, and water (Hall and Hall, 2020). ATP acts as the body’s main energy currency, releasing energy when hydrolysed to ADP and phosphate (Marieb and Hoehn, 2019). In Type 2 Diabetes, insulin resistance reduces glucose uptake and ATP synthesis, contributing to fatigue and metabolic dysfunction (DeFronzo et al., 2022). Regular physical activity enhances glucose utilisation and mitochondrial efficiency, improving metabolic control (Powers and Howley, 2020). Each molecule of glucose yields approximately 36 ATP through aerobic respiration, highlighting the efficiency of oxygen‑dependent metabolism. Mitochondria act as the cell’s “powerhouses,” converting biochemical energy into ATP through oxidative phosphorylation (Marieb and Hoehn, 2019). In individuals with Type 2 Diabetes, impaired insulin function limits glucose entry into cells, reducing substrate availability for aerobic respiration and consequently lowering ATP production. This energy deficit contributes to the characteristic fatigue experienced by many patients, as cells are unable to meet the body’s metabolic demands efficiently. Mitochondrial dysfunction and oxidative stress further exacerbate this process, leading to decreased endurance and slower recovery after physical activity (DeFronzo et al., 2022). Regular exercise and improved glycaemic control can help restore mitochondrial efficiency and enhance ATP synthesis, thereby reducing fatigue and improving overall energy balance (Powers and Howley, 2020). Fatigue associated with Type 2  Diabetes can significantly impact an individual’s ability to perform daily tasks, maintain employment, and engage in social activities. Persistent tiredness may reduce motivation for physical activity, further worsening insulin resistance and glycaemic control. From a care perspective, recognising fatigue as a clinical symptom is essential for developing realistic, person‑centred interventions. Health professionals should assess energy levels during routine reviews and collaborate with patients to set achievable goals for exercise and nutrition. Education on pacing, rest, and balanced meal planning can help individuals manage fatigue while maintaining independence and quality of life (NHS, 2024; Diabetes UK, 2024). This holistic approach aligns with the principles of empowerment and self‑management central to modern health and social care practice. Regular physical activity promotes significant adaptations within skeletal muscle cells, particularly in the mitochondria, which are responsible for aerobic energy production. Exercise stimulates mitochondrial biogenesis. The formation of new mitochondria, increasing the capacity for oxidative phosphorylation and ATP synthesis. This adaptation enhances the efficiency of glucose and fatty‑acid metabolism, improving overall energy availability and reducing insulin resistance (Powers and Howley, 2020). Over time, these cellular changes contribute to improved glycaemic control and reduced fatigue in individuals with Type 2 Diabetes. Furthermore, enhanced mitochondrial function supports cardiovascular health by improving oxygen utilisation and reducing oxidative stress, both of which are critical in preventing diabetic complications (DeFronzo et al., 2022). Understanding these physiological benefits reinforces the importance of exercise as a cornerstone of diabetes management and and highlights how cellular adaptation underpins long‑term metabolic stability.
Lifestyle recommendation's
Effective management of Type 2 Diabetes relies on maintaining healthy blood glucose levels through balanced nutrition, regular physical activity, and medication adherence. According to the NHS (2024), dietary adjustments such as reducing refined carbohydrates and increasing fibre intake help stabilise glucose levels. Diabetes UK (2024) Portion control and consistent meal timing help prevent fluctuations in blood glucose levels. These lifestyle strategies reinforce the physiological mechanisms of glucose regulation discussed earlier, improving insulin sensitivity and supporting efficient cellular metabolism (Hall and Hall, 2020; Marieb and Hoehn, 2019). Regular physical activity further enhances glucose uptake by skeletal muscle, optimising mitochondrial function and ATP production (Powers and Howley, 2020). Lifestyle modification remains the cornerstone of Type 2 Diabetes management, complementing pharmacological interventions and promoting long‑term health. A balanced diet rich in whole grains, lean proteins, fruits, and vegetables helps regulate blood glucose and lipid levels, while limiting saturated fats and refined sugars reduces insulin resistance (NHS, 2024). Diabetes UK (2024) highlights the importance of portion control and consistent meal timing to prevent post‑prandial spikes in blood sugar. Regular physical activity, such as brisk walking, swimming, or cycling, enhances glucose uptake by skeletal muscle and supports cardiovascular health (Powers and Howley, 2020). Behavioural strategies, including goal‑setting and self‑monitoring, empower individuals to sustain these changes and improve adherence. Health professionals play a vital role in providing education and encouragement, ensuring that interventions are tailored to each person’s needs and preferences. This holistic approach aligns with the principles of person‑centred care and supports both physiological and psychosocial wellbeing (NHS, 2024; Diabetes UK, 2024).

Conclusion
Understanding the physiological mechanisms of blood glucose regulation and cellular metabolism provides a foundation for effective, person‑centred care in Type 2 Diabetes. The interplay between insulin and glucagon maintains homeostasis, while lifestyle interventions such as balanced nutrition and regular exercise enhance insulin sensitivity and metabolic efficiency. Applying this knowledge in practice enables health professionals to deliver evidence‑based education and support, empowering individuals to manage their condition and prevent complications 
Reflection
Reflecting on this learning highlights the importance of integrating physiological understanding with holistic care approaches. Recognising how cellular energy production and hormonal balance influence wellbeing reinforces the need for collaborative, patient‑centred strategies that address both physical and behavioural aspects of diabetes management. This synthesis of theory and practice demonstrates how scientific knowledge underpins compassionate, effective care, aligning with professional standards and promoting long‑term health outcomes
Applying these physiological principles to the care of patients needs demonstrates how evidence‑based understanding of glucose regulation and metabolism informs safe, person‑centred interventions that promote long‑term wellbeing and self‑management.
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