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Diabetes mellitus describes a group of metabolic disorders characterized by hyperglycaemia or hyperglycemia, which is an elevated level of blood glucose as a result of the body not producing enough insulin, the insulin being not effective, or both (International Diabetes Federation, 2021). Diabetes mellitus type 1 is when the cells of the pancreas that produce insulin or the beta cells die and the body can no longer use insulin. This condition is usually developed in childhood or during the teen years.  Yet, there is another condition known as Type 2 diabetes mellitus (T2DM) is the condition when the cells of the pancreas do not produce enough insulin or the insulin can be used effectively (Norton et al., 2022).  The burden of T2DM, including the incidence, prevalence, and YLD, had increased from 1990, and it is expected to increase in the next 30 years to 2050 caused by population growth, aging, and obesity (Global Burden of Disease 2025 report).
The risk factors associated with T2DM are different from non-modifiable, with the use of the latter, a person of South Asian, Black African-Caribbean, and other minority ethnic groups having 4–6 times increased risk of developing T2DM when compared to a person outside this group (International Diabetes Federation, 2021). The are Modifiable Risk Factors which are the main contributors for the current escalation world wide. These include being overweight or obese, living sedentary lifestyle and abdominal obesity, identified by waist circumference measurements (NIDDK, 2023). Excessive visceral fat has been found to cause insulin resistance in skeletal muscle, liver, and adipose tissue leading to tissue insensitivity to circulating insulin (Norton et al., 2022).
Additional risk factors include hypertension, dislipidaemia, previous history of GDM and prediabetes (IFG or IGT) (NIDDK, 2023). Early in the course of T2DM, individuals may have a near-normal blood glucose close to the normal (silent phenotype) and it is important to gain a foundational understanding of the mechanisms that keep glucose in a near-normal range and the tools used to monitor and manage the disease.

[bookmark: _Toc241211876]2. How blood sugar levels are maintained at a safe and effective level
The maintenance of glucose homeostasis depends on a negative feedback loop of hormones that are mostly regulated in the pancreas with insulin and glucagon opposing each other to maintain glucose levels within a narrow range of physiological concentration (Norton et al., 2022). Regarding food intake, the digestion process in the stomach would cause an elevation in the concentration of glucose molecules in the blood stream and causes the pancreatic islet cells (beta cell) to secrete insulin. Insulin acts on the blood glucose level in many ways: take the glucose molecules from the blood stream to the muscles and fat (increasing the GLUT4 receptor movement to the cell membrane from storage); inhibit the breakdown of body fat (lipolysis); inhibit glycogen formation (glycogenesis) in the liver; and inhibit glucose formation in the liver through the inhibition of glycolysis and gluconeogenesis pathways (Norton et al., 2022).
Role of glucagon is produced when blood glucose levels fall such as activity, fasting, sleeping or meal times by the alpha cells of the pancreas and has its primary action on the liver (Betts et al., 2022). It causes glycogen to break down into glucose (glycogenolysis) and to cause the formation of new glucose from amino acids and glycerol (glucosenogenesis) in the liver. Glucagon therefore raises the blood glucose level to normal. The action of insulin and glucagon is a form of negative feedback as the hormones release changes in blood glucose levels (Norton et al., 2022).
This feedback is impaired in T2DM. Insulin resistance is defined as the decreased responsiveness to insulin particularly present in tissue cells, such as the skeletal muscles, liver and adipose tissues. As a result, there is a failure to inhibit hepatic glucose production and decreased uptake by muscles. The secretion of glucagon is also facilitated with high glucose levels and over time there will be a decrease in function as the normal demand for more insulin will be met by insulin resistance, resulting in greater glucagon secretion.
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In cells, glucose is the most accessible fuel source, and the process of converting glucose to a form of energy in the cell (adenosine triphosphate) is called cellular respiration (Betts et al., 2022). Glycolysis is the first phase of glucose breakdown which is anaerobic (without oxygen) in nature, in which 1 glucose molecule is converted into 2 molecules of Pyruvate, releasing 2 Molecules of ATP and 2 Molecules of NADH (Betts et al., 2022). Pyruvate is then transported to the mitochondrion (with the presence of oxygen) and enters into the Krebs cycle to become acetyl coenzyme A and transferred to the cycle (Betts et al., 2022). A small amount of ATP is produced and a lot of molecules of NADH and FADH2 are produced in this cycle, and all of the glucose is oxidized (Betts et al., 2022).
The electrons that are carried by the electron carriers are transferred to the electron transport chain in the cristae of the mitochondria, from the Krebs cycle. As the electrons are passed down series of protein complexes in the inner membrane oxygen can be reduced to water by binding with the electrons and hydrogens in the intermembrane space thus A chain of redox reactions occurs with each releasing energy for the translocation of hydrogen ions across the membrane. This forms a gradient of ions which can drive the enzyme ATP Synthase to produce ATP, this process is termed oxidative phosphorylation (Betts et al 2022). 
Oxygen is important in this process as the final acceptor of the electrons however a main factor of this process being aerobic is that oxygen and its interaction with the electrons and hydrogen is what causes water to be formed thus if oxygen was to be absent no ATP formation by this process would occur as the electron chain would be blocked. 
When talking about T2DM, it is imperative to understand the relationship between transporter and the metabolisms of glucose in the body. The skeletal muscle is basically the principal contributor of insulin stimulated glucose uptake into the cell and is affected by insulin resistance. Recent study has shown a contribution and consequence of the mitochondrial dysfunction (Oxidative capacity, ATP production) in skeletal muscle to insulin resistance (Zhu et al., 2025). In fact, a 2025 systematic review and meta-analysis found that structured physical exercise interventions (high-intensity exercise, aerobic and resistance training) were more effective than other types of physical activity in improving the mitochondrial oxidative capacity of skeletal muscle cells amongst people with T2DM (Zhu et al., 2025).

[bookmark: _Toc241211878]4. How recording and tracking blood sugar helps type 2 diabetics manage their condition
The monitoring of blood glucose levels regularly can aid patients with T2DM and their healthcare providers by offering more precise information about how factors influence blood glucose levels. In addition, it aids in the fine-tuning of the current treatment plan, when necessary. Conventional use of SMBG and laboratory HbA1c analysis have been used to monitor blood glucose levels and overall glycaemic control for a period of 2-3 months (Davies et al., 2022). While not proven to be advantageous in non-insulin dependent patients with T2DM, a 2023 review and meta-analysis found that structured SMBG may offer marginal benefits in HbA1c and self-confidence in T2DM self-management compared to usual treatment and unstructured blood glucose monitoring (Holmes-Truscott et al., 2023).
With technological advances, there are alternative means of blood glucose monitoring. Mobile apps and digital platforms that track blood glucose levels as well as dietary and activity information, may be linked to reduced HbA1c as a result of Greater involvement and awareness of the individual's glycaemic profile and input from health care professionals (Kerr et al., 2024). In addition, a systematic review of RCTs of using real-time CGM (Badawi et al., 2025) showed that using Continuous Glucose Monitoring (CGM) a technique used to measure the glucose level in interstitial fluid by a sensor was linked to better glycaemic management. Therefore, patients with diabetes and their healthcare provider can use either finger-prick blood test, HbA1C or CGM to see the pattern of their diabetes and how lifestyle or medication adjustments like eating meals that raise glucose levels or longer periods of hypoglycaemia later in the day may affect the diabetes.
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As well as tablet medicines as required, lifestyle changes have been recognized as a necessary component of managing T2DM. The European Association for the Study of Diabetes and the American Diabetes Association in 2022 published a consensus statement calling for nutrition counseling and education, and physical activity (Davies et al., 2022) to be offered to all adults with T2DM. The recommendations might apply to the UK, as NICE guidelines for adults with T2DM recommend a personalised care plan which should include guidance on diet and physical activity, a weight loss plan and treatment for smoking cessation (National Institute for Health and Care Excellence, 2022).
The umbrella review of meta-analyses shows that both weight management diets and improved glycaemic parameters are clinically important, and especially, larger weight reduction (Wang et al., 2025), such as low calorie diets and low carbohydrate diets. In the systematic review on lifestyle interventions in LMICs, the authors find that, compared to usual care, physical activity and dietary intervention is likely to be more effective on fasting blood glucose, HbA1c and BMI (O'Donoghue et al., 2021). The 2025 ACSHPAP strongly recommends treatment and remission strategies for T2DM by incorporating aerobic and muscle strengthening exercise prescription, and reducing sedentary time (Rosenfeld et al., 2025). This matches physiological evidence, which shows that exercise training can increase the mitochondria and the oxidative capacity of skeletal muscles (Zhu et al., 2025).
Overall, the evidence indicates that a multi-disciplinary approach is needed, incorporating personalised dietary changes with a target of a healthy diet and maintenance, regular aerobic and resistance exercise, and minimising sitting time and, if applicable, alcohol moderation and smoking cessation support provided in the form of structured education and behavioural support. (Rosenfeld et al., 2025; NICE, 2022).

[bookmark: _Toc241211880]5. Conclusion
The cause of type 2 diabetes is a failure of the finely orchestrated endocrine system responsible for maintaining a balance of blood sugar levels – insulin resistance of the muscle, liver and fat, plus a progressive loss of the pancreatic beta cells. As glucose and oxygen are the vital ingredients for cellular respiration and energy production, the impairment of glucose intake and usage, especially associated mitochondrial dysfunction (an area currently of research focus in skeletal muscle), forms the physiological basis for the disease. Identification of risk factors for T2DM, understanding the physiological mechanism involved in the normal glucose regulation as well as the pathophysiology of T2DM and the evidence-base behind the various interventions in the regulation of blood glucose and lifestyle modification provide the systematic approach for the management of T2DM.
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