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Introduction
Diabetes mellitus is a persistent metabolic disorder that is characterised by high levels of hyperglycaemia caused by insulin secretion flaws, insulin activity or both (Goyal, Jialal and Singhal, 2023). In Type 1 diabetes, the pancreatic β-cells are destroyed by autoimmune processes, hence the inability to manage insulin levels, whereas in Type 2 diabetes (T2DM) the disease is most prevalent in the United Kingdom and its development is triggered by insulin resistance and the progressive dysfunction of the β-cells. Recent UK statistics indicate that over 4 million individuals already have diabetes, with the majority of them having T2DM, hence it is escalating a growing strain on the population's health (NHS England, 2024). The main pathophysiological mechanism of T2DM is the impaired glucose homeostasis by the signs of insulin disruption, reduced peripheral intake of glucose and long term hepatic glucose synthesis. The diabetes as a systemic and a metabolic disorder has an effect on the cell and vascular metabolism of energy. The knowledge of these processes in monitoring and the consequent control of the lifestyle on the part of the primary care is the primary care management of the lifestyle.
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The effect of the endocrinological system is necessary to keep the level of the pancreatic gland (4-7mmol/L fasting) controlled on the one hand and peripheral metabolic tissues (Schifter, McLean and Sukumar, 2021). The case of the islets of Langerhans are groups of endocrine cells found in the pancreas. On these islands, insulin which is the principal hypoglycaemic hormone is produced by the β-cells and glucagon which is a counter-regulatory hyperglycaemic hormone is produced by the a-cells. This organised structure enables rapid hormonal responses to the changes in the circulating glucose levels.
Insulin secretions are stimulated by the consumption of glucose into pancreatic β-cells via GLUT2 transporter. The glucose is burned up and oxidatively phosphorylated inside the cell increasing the percentage of ATP to ADP (Bhatti et al., 2022). There is high concentration of ATP which closes ATP-sensitive potassium (K+channels) leading to membrane depolarisation. This depolarisation leads to opening of the voltage-gated calcium channels that permits the entry of calcium. High levels of intracellular calcium induce the motor discharges of insulin-saturated granules of secretions into blood. This is a regulated process which implies that insulin may be discharged as the rate based on glycaemic load.
Under the molecular mechanism, the insulin binds with insulin receptor, which is transmembrane tyrosine kinase receptor present in the target tissues such as skeletal muscle, liver and adipose tissue. Autophosphorylation of receptors activates intracellular signalling cascades such as phosphatidylinositol 3-kinase (PI3K) -Akt. This mechanism is triggered to cause translocation of GLUT4 transporters to the muscle and adipose tissue cell membrane that stimulates the uptake of glucose (Gerwen, Shun-Shion and Fazakerley, 2023). In liver, insulin stimulates glycogen synthesis and inhibits gluconeogenesis but in adipose tissue, insulin provokes lipogenesis and inhibits lipolysis. Taken together the above measures reduce the glucose in circulation and enhance energy storage.
The counter-regulatory hormones are the ones that maintain the glycaemic stability during either within the fasting or during the stressing period. The hepatic glycogenolysis and gluconeogenesis stimulated by glucagon, the increased supply of glucose by cortisol and adrenaline by increasing hepatic secretion and decreasing peripheral utilisation (Popoviciu et al., 2023). The glucose homeostasis therefore becomes a negative regulatory process that is dynamic and incorporates controls of insulin and its antagonists. However, the liver and peripheral tissue sensitivity to insulin may be different and this derailment results into the acquisition of Type 2 diabetes.
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The use of biochemical pathways regulates cellular energy production based on the interaction of the metabolism of glucose and oxygen that are tightly controlled by intervitrogenic lookout. Once glucose is taken up by the cells, the glucose is then undergone glycolysis in cytoplasm during which the glucose is formed into pyruvate under the assistance of the enzymes with minimal yield of yield of ATP and reduced nicotinamide adenine dinucleotide (NADH) (Gupta and Gupta, 2021). The pyruvate is transported into the mitochondria under the presence of oxygen and is converted to acetyl-CoA which results in Krebs cycle (tricarboxylic acid cycle). In this process NADH and flavin adenine dinucleotide (FADH 2) is produced which releases electrons to the electron transport chain on the inner mitochondrial membrane.
Oxygen is utilised as the final electron acceptor in electron transport chain. Oxidative phosphorylation helps in the transfer of electrons and the protons pumping that forms electrochemical gradient to power ATP synthase to work. This is the principal producer of cellular ATP thereby facilitating physiological processes including muscle bending, ion acquisition and biosynthesis.
The uptake of glucose in insulin sensitive tissues i.e. skeletal muscle and fatty tissue involves the necessity that the insulin mediated translocation of the GLUT4 transporters to the plasma membrane take place (Richter, Bilan and Klip, 2025). Sound endocrine signalling will therefore determine the availability of substrates to the cell in regard to the generation of ATP. Downregulation of GLUT4 translocation that prevents peripheral uptake of glucose is manifested by type 2 diabetes showing that madame poor insulin signalling decreases GLUT4 translocation. Meanwhile, hepatic insulin resistance promotes excessive gluconeogenesis even during hyperglycaemia. Massive deposits of circulating free fatty acids lead to lipotoxicity that exacerbates the mitochondrial activity and insulin signalling pathways yet further. It is these synergistic metabolic pathologies that remain to be the source of the chronic hyperglycaemia and deficiency in efficient cells consumption of energy.
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Diabetes type 2 is the disease of combined insulin resistance and growing dysfunction of β-cells pointing to the metabolic and immunological disorders. This case of insulin resistance is common in a scenario where adipose tissue (usually the visceral adipose tissue) acts out rather than passively storing the energy. Insulin receptor signalling is influenced by the presence of the microglial proinflammatory cytokines that are released by hypertrophying adipocytes and invading macrophages tumour necrosis factor- alpha (TNF- a) and interleukin- 6 (IL- 6) (Dhokte and Czaja, 2024). These inhibitors ensure phosphorylation of targets of the insulin receptor, and prevent PI3K-Akt signal to weaken the GLUT4 relocation and peripheral glucose uptake. This contributes to failure in skeletal muscle and fat tissue response to circulating insulin in a satisfactory manner.
Simultaneously, metabolic stress is experienced by pancreatic β-cells. An enduring hyperglycaemia results in glucotoxicity and an excess of circulatory free fatty acids causes lipotoxicity. An interplay of all these mechanisms leads to oxidative stress in in the β-cells, down-regulation of the insulin genes and a reduction in the secretory capacity. Although, first compensatory hyperinsulinaemia may successfully have a temporary survival in glycaemic regulation mode, the derivative b-cell fatigue will lead to the relative insulin deficiency.
The systemic effect of chronic hyperglycaemia is production of advanced glycation end products (AGEs) and increase in reactive oxygen species. Endothelial cells and basement membranes are destroyed in these processes in microvascular complications such as diabetic retinopathy, nephropathy and peripheral neuropathy (González et al., 2023). Besides the microvascular tissue damage, insulin resistance is closely associated with dyslipidaemia, hypertension and central obesity, which show a high level of similarity with metabolic syndrome and considerably increase the risk factors of cardiovascular disease.
It is worth noting that it has a heterogeneous multifactorial disease development. Though a restoration of insulin sensitivity can be achieved by weight loss and early intervention, the modern-day treatment can hardly reverse the scenario when widespread b-cell destruction has occurred and this pinpoints the significance of early diagnosis and persistent homeostasis of metabolism.
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Appropriate management of Type 2 diabetes must include a systematic record and description of glycaemic data that aids in keeping body physiologically consistent, and allows a reasonable form of clinical decision-making. Self-monitoring of blood glucose (SMBG) assists a patient to identify the nature of glycaemic pattern in a day to day basis including fasting, post-prandial sojourns, and instance of hypoglycaemia (Mathew, Tadi and Zubair, 2023). Of particular importance to be known are post-prandial increases that signal the impaired uptake that is performed with the participation of insulin and increased risks to cardiovascular. Conversely, the hypoglycaemia will be revealed in a timely manner, and the alterations to the diet or pharmacology will be made to address the acute problems and improve the patient safety.
HbA1c is a longer period of glycaemic control since it is the ratio of haemoglobin which is irreversibly glycated by non-enzymatic binding of glucose in circulation. It is an indicator of the average glucose in the plasma and the recent two or three months because erythrocytes are in circulation, which is approximately 120 days. The HbA1c of 48 mmol/mol (6.5%) and above can be applied in the diagnosis of diabetes in the UK and continuing to check the target of treatment and take risks.
The information derived based on such findings can maintain an evaluation of the dose of medication, transition to insulin-approach, and the organised lifestyle modifications in the general practice. However it needs critical interpretation. HbA1c does not secure the short-term swings in the glucaemia and might be influenced by anaemia or haemoglobinopathy (Bwititi et al., 2023). Similarly, the precision of SMBG is also related to the fact that it relies on patient compliance and adequate methodology. The awareness of these limits will be effective in making sure that glycaemic monitoring is a part of the personalised care planning rather than a separate measure.
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Exercising is also one of the key elements of Type 2 diabetes therapy, and there is sufficient evidence that it can make insulin-sensitive and delay the disease development. The dietary intervention should be made up of carbohydrates with low glycaemic index (GI), as it rapidly increases post-prandial glucose incretin, and hydrates pancreatic β-cells of the stress (Lewgood et al., 2021). Consumption of more diet fibre also inhibits absorption of glucose and enhances satiety that allows one to manage weight. High cohort research considers the benefit of adopting a Mediterranean diet with its high volume of whole grains, legumes, unsaturated fats, and vegetables, and has been associated with a higher degree of glycaemic control and a reduction in cardiovascular risk.
Both endocrine and molecular pathways enhance insulin sensitivity with the involvement of exercise. Insulin resistance, the activity of skeletal muscle to take up glucose by contraction induced GLUT4 translocation in the absence of insulin signalling that decreases the glucose level in the blood (Flores-Opazo, McGee and Hargreaves, 2020). Exercise has been noted to improve the HbA1c levels and Vissual adiposity in aerobic plus resistance trainings.
Particularly, weight loss has been successful and causes inflammatory cytokine release and insulin receptor signalling have been detrimental because of overabundance of visceral fat. This intermediate level of weight loss effects linked to the interventions at early stages have been capable of reversing the insulin resistance and in certain cases, curing hyperglycaemia. However, sustainability is relative, and it requires an organized support.
Quitting smoking is also most significant as being exposed to tobacco causes endothelial dysfunction and increase cardiovascular risk among a vulnerable population (Hahad et al., 2021). The behavioural interventions that can be used to increase adherence include primary care-based structured education programme, digital glucose monitoring, and motivational interviewing. The physiological explanation combined with the individualised goal-setting is going to make patients understand the direct impact of the behavioural change on the molecular pathways involved in hyperglycaemia.
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Diabetes type II is a multifactorial interdependence of an endocrine, maladaptive cellular metabolism and lifestyle factors that are subject to change. Multisystem complications as well as chronic hyperglycaemia is caused by insulin resistance and dysfunction of progressive b- cells, both of which causes a homeostatic perturbation in glucose including both at the molecular and systemic level. This implies that knowledge about physiology must be linked to heuristic overall monitoring procedures and behaviour change strategy that is long term as well to guarantee proper management. The recording of glycaemic data makes it easy to make changes to therapeutic interventions, and to engage the patient in the self-management process, which encourages the autonomy of primary care. However, most importantly, active early detection, and proactive lifestyle change are capable of postponing metabolic degeneration and vascular risk in the long term. Additional opportunities leading in the direction of the optimisation of individualised diabetes care are introduced by new innovations in the personalised medicine like individualised pharmacotherapy and continuous glucose technologies.
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