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Diabetes mellitus exists as a chronic metabolic disease that hyperglycaemia characterises by (high blood glucose levels) because insulin secretion defects, action defects or both exist (World Health Organization [WHO], 2023). Roughly 537 million grown people globally live with diabetes a number expected to rise to 643 million grown people by 2030 (International Diabetes Federation [IDF], 2021). Diabetes mainly classifies under two main types with type 1 diabetes because autoimmune destruction destroys the pancreatic beta cells and with type 2 diabetes mellitus (T2DM) because insulin resists and insulin inadequately secretes. Over 90 percent of all diabetes cases are T2DM (NHS, 2024).
Furthermore, physiological regulation of blood sugar is an important part of homeostasis, the process that keeps all systems of an organism's internal environment in a state where energy intake and energy use are balanced (Scanlon and Sanders, 2018). Disorders like diabetes might disrupt homeostasis within. This disruption can complicate matters in the long term and cause disease to the cardiovascular system, nerves, kidneys, and retinas (American Diabetes Association [ADA], 2024).
Risk factors toward type 2 diabetes mellitus include obesity, lack of physical activity, diet, a family history of type 2 diabetes mellitus and older age (Public Health England, 2022). Insulin signals and metabolises glucose with critical aspects for understanding development of diabetes and diabetes care. About disease prevention and management, possible topics exist in glucose regulation, cellular respiration, or healthy lifestyle choices.

[bookmark: _Toc213476936]Regulation of Blood Glucose Levels
The pancreas controls blood glucose within. Insulin and glucagon secrete out from the pancreas, originating from the islets of Langerhans. Insulin secretes from the β-cells and glucagon secretes from the α-cells (Scanlon and Sanders, 2018; Guyton and Hall, 2021), state about insulin reducing blood glucose. They state glucagon increases it. Insulin prompts glucose to be taken into skeletal muscle and into adipose tissues. It does this through glucose transporter type 4 (GLUT4) receptors moving to the plasma membrane (Saltiel and Olefsky, 2017). Glucagon causes an increase in blood glucose levels by prompting glycogenolysis, which converts glycogen to glucose, and gluconeogenesis, which forms glucose from non-carbohydrate precursors inside the liver.
Blood glucose level shows a negative feedback control system and stays within the physiological range of 3.9 to 7.8 mmol/L (70 to 140 mg/dl) during fasting and postprandial states respectively according to (Marieb and Hoehn, 2019). Pancreatic β-cells secrete insulin when blood glucose levels rise in the post-prandial phase. Insulin connects to the receptor on target tissues. This activates signalling pathways. This results in glucose uptake and glycogen storage. Insulin secretes less in order to normalise when blood glucose concentrates and drops. When fasting, blood glucose concentration drops to a low level. This increases glucagon secretion to produce glucose for energy use (Guyton and Hall, 2021).
Insulin resists at the point in time when the body's cells no longer sense insulin, and glucose levels increase in spite of normal or elevated levels of insulin (DeFronzo et al., 2021). Obesity inflames, causes insulin resistance, and releases cytokines (such as TNF-α and IL-6) from adipose tissue. These cytokines cause interference in insulin signalling (Saltiel and Olefsky, 2017). The pancreatic β-cells become overtaxed and are eventually no longer able to secrete a sufficient amount of insulin in response for long, exacerbating the hyperglycemia.
The liver, muscle, and adipose tissue work together in service of glucose transport. The liver manages glucose it stores glucose as glycogen it breaks glycogen down for energy when needed. The muscle stores glucose in order to provide energy when it contracts. Adipose tissue uses glucose in conversion to triglycerides (Hall and Hall 2020). The nervous system itself is not insulin-dependent for utilisation of glucose but is considered as glucose-dependent; many of the systemic complications of poorly controlled diabetes, such as fatigue, weight loss and altered consciousness, are related to imbalances of glucose delivery to the brain (Sturgeon, 2018).
Understanding this control can inform medical management like pharmacological and lifestyle interventions. The interventions correct impaired control. Metformin, first-line treatment for type 2 diabetes, treats by lessening hepatic glucose production and it improves insulin sensitivity through similar mechanisms (UK National Institute for Health and Care Excellence [NICE], 2023).

Cellular Metabolism: Oxygen and Glucose in Energy Production
At the cellular level, glucose is a vital energy substrate used to generate adenosine triphosphate (ATP), the universal energy currency of cells. Cellular respiration, occurring mainly in the mitochondria, converts glucose and oxygen into ATP, water, and carbon dioxide (Sturgeon, 2018). This process is summarised by the equation:

The key stages of the cellular respiration process are glycolysis, the citric acid cycle (Krebs cycle), and the electron transport chain (ETC).
· The first stage of cellular respiration is glycolysis, in which glucose, a six-carbon monosaccharide, is broken down in the cytoplasm of the cell to two molecules of pyruvate, producing a net yield of two ATP and two molecules of NADH (Marieb and Hoehn, 2019).
· In the Krebs cycle within the mitochondrial matrix, the pyruvate is converted to carbon dioxide and electron carriers NADH and FADH₂.
· These electron carriers are then used in the inner mitochondrial membrane as part of the electron transport chain (ETC), to produce large amounts of ATP via oxidative phosphorylation (Sturgeon, 2018).
Oxygen accepts electrons when electrons are delivered to cytochromes. This maximises ATP yield. Without oxygen, respiration continues as anaerobic fermentation, and it undergoes lactic acid fermentation. This relates to metabolic acidosis and fatigue in diabetes according to Berg et al. in 2019.
In diabetes, much glucose is in the blood, but glucose cannot enter cells to provide energy to the cells. Cells rely on fat for energy. This relies on and concentrates free fatty acids and ketone bodies (DeFronzo et al., 2021). Ketones overproduce diabetic ketoacidosis or DKA mainly in patients with a lack of insulin (ADA, 2024). Mitochondria metabolise energy in cells and balance redox. Diabetes-linked mitochondrial dysfunction links to increased oxidative stress with pathogenesis of complications (Lowell and Shulman, 2021). Cellular physiology's feedback loop and systemic metabolic control are shown here.
Cellular respiration is linked with the cardiovascular system. The cardiovascular system gives oxygen and nutrients for the cells. Carbon dioxide and metabolic wastes exit through the cardiovascular system. Capillaries perfuse less and hypoxia occurs. Cellular respiration produces impaired ATP because diabetes impairs, possibly causing tissues to ulcerate (Scanlon and Sanders, 2018). This highlights the importance of maintaining the best glucose control.
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Diabetes management includes blood glucose testing. A person can monitor glycaemic control through regular testing of blood glucose. This testing can detect and prevent short and long-term complications. A person can make informed choices about diet, medication, or about activity level, if blood glucose patterns show changes (NICE, 2023). Self-monitoring increases patients' autonomy and self-management capabilities such as within homeostatic regulation, where the body is constantly monitoring and adjusting its systems to maintain homeostasis (Scanlon and Sanders, 2018).
Capillary blood glucose meters, continuous glucose monitors (CGM), and flash glucose monitors have the widest use of the options. A blood glucose meter uses a finger prick to sample blood toward glucose. A CGM uses sensors under the skin that detect glucose levels in the interstitial space (NHS, 2024). CGM studies also show use associates to lower rates of hypoglycaemia with better long-term glycaemic control measured as reduced glycated haemoglobin (HbA1c). HbA1c is a long-term measure for average blood glucose concentration over 8 to 12 weeks and is a good indicator of mean glycaemic stability (ADA, 2024).
Testing frequency will vary based on diabetes type and therapy. Daily testing or testing before meals is recommended for most adults with Type 2 diabetes who are prescribed insulin or sulfonylureas (NICE, 2023). Remote technology is also now available that allows people living with diabetes to share their test results with their healthcare professional. Continuous glucose monitoring provides biofeedback for behavioural control of homeostasis (Sturgeon, 2018). If people monitor poorly, that may expose patients to hypoglycaemia like dizziness, confusion and in severe cases coma or hyperglycaemia alongside dehydration and ketoacidosis. Therefore, learning how to interpret glucose levels plus acting to restore metabolic homeostasis with corresponding actions such as increasing carbohydrate intake or taking additional anti-diabetic medication is essential to education (WHO, 2023).
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People modify their lifestyles to find the prevention of diabetes and also its management. It combines with pharmacotherapy and targets the underlying physiological and behavioural causes of diabetes. According to The Diabetes Prevention Program studies, intensive lifestyle interventions may lower Type 2 diabetes risk among high-risk people by up to 58% within high-risk people (Knowler et al., 2002; ADA, 2024).
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Diet is an important contributor to blood glucose levels. A good diet incorporates whole grains, fruit and vegetables, lean protein, and healthy fats to produce a gradual rise in blood glucose without drastic increases according to BDA of 2023. A glycaemic index (GI) diet is one that ranks carbohydrates according to their impact upon autoimmune symptoms. Foods such as oats or legumes possess a low GI so they release glucose slowly which improves insulin sensitivity (Jenkins et al., 2021). Refined sugar and saturated fat reduction decreases insulin resistance, improving quality of life by decreasing cardiovascular disease risk factors (Evert et al., 2019).
Nutritional education promotes homeostatic control. It achieves this by matching energy intake to metabolic demand. Nutrient intake regulates metabolic pathways like glycolysis and lipid oxidation (Sturgeon, 2018). The imbalance of these macronutrients may be made worse through excessive caloric intake, which causes obesity and insulin resistance. Moderate caloric intake with portion control are encouraged.
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Exercise improves the action of insulin on glucose uptake into skeletal muscle and helps to also maintain body weight. Muscles contract during exercise. This stimulates GLUT4 for transport of intracellular pools to the cell surface independent of insulin (Hawley and Lessard, 2008). Regular aerobic exercise such as brisk walking or cycling for a minimum of 150 min/week has been shown toward improvement in glycaemic control and cardiovascular function (Colberg et al., 2016).
Exercise increases mitochondria density. Exercise increases oxidative phosphorylation. Exercise increases ATP production. Cellular energy efficiency improves (Sturgeon, 2018). Resistance training supplements aerobic exercise for building lean mass, thereby increasing basal metabolic rate and helping in glucose disposal. Exercise stabilises blood glucose levels within. Exercise uses resources in a more efficient manner and in an effective manner which highlights the homeostatic value of exercise (Scanlon and Sanders, 2018).

[bookmark: _Toc213476941]Weight Management and Smoking Cessation
Obesity modifies and affects insulin resistance as a key factor. Body weight loss from 5 to 10 percent improves glucose tolerance and β-cell function (Wing et al., 2021). Adipose tissue itself also functions as an endocrine organ in addition. It releases adipokines out of adipose tissue, affecting the insulin signalling caused by excess visceral fat, and contributes to chronic low-grade inflammation (Saltiel and Olefsky 2017). Weight loss from diet and exercise typically lowers glucose levels and lipid levels in the body, and it increases heart health for diabetes patients.
Smoking damages vasculature and resists insulin by stressing oxidation and increasing endothelial function, which complicates retinopathy and nephropathy microvascular (Pan et al., 2020). Therefore, when people with diabetes stop smoking, that directly promotes homeostasis and reduces oxidative stress.

[bookmark: _Toc213476942]Psychological and Behavioural Considerations
Behavioural change supports lifestyle intervention in practice. Stress, anxiety and poor sleep can lead to increased cortisol and catecholamine release, both of which drive further hyperglycaemia (Surwit et al., 2002). Integrative measures that integrate mindfulness, a structured education program, and social support improve adherence to lifestyle changes and medications (Chrvala et al., 2016) to highlight the interdependence of psychological and physiological homeostasis, in keeping with Cannon's (1932) description of homeostasis and modern physiology (Marieb and Hoehn, 2019).
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Diabetes mellitus involves a problem with blood glucose homeostasis, which the endocrine system, cellular metabolism, and lifestyle-modifiable behaviours affect including diet and physical activity. Insulin and glucagon interact, and cells respire, to maintain physiological glucose levels, ensuring adequate ATP produces. When this situation does not occur, chronic hyperglycaemia and its consequences happen.
Approaching diabetes management thoroughly via controlling glucose excursions, physiological counter-regulation, and lifestyle changes can restore better metabolic control and exercising regularly, intervening with nutrition, normalising weight, and ceasing smoking can improve quality of life. When diabetes patients have the knowledge about how their body systems work, their health is driven not only to biochemical normalisation but also to physiological equilibrium in the long run.
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