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[bookmark: _Toc232961380]1. Introduction
Type 2 diabetes mellitus is a chronic metabolic condition defined by hyperglycaemia caused by defects in insulin secretion, insulin action, or both (American Diabetes Association, 2024). In contrast, in Type 2 diabetes, the pancreas does not produce enough insulin to compensate for insulin resistance in the peripheral tissues. Type 2 diabetes, by contrast, is caused when the body has insulin resistance (in the peripheral tissues) and the pancreas does not produce enough insulin to overcome the resistance (Kumar and Clark, 2021). According to the International Diabetes Federation (2021), around 537 million adults suffer from diabetes in the world, with more than 90% of them having type 2 diabetes.
The cause is complex and is believed to have multiple genetic and environmental factors. However, there are risk factors that cannot be modified, such as age, family history and ethnicity; people of South Asian, African-Caribbean and Black African ethnicity are at a much greater risk. Risk factors that can be modified are obesity, physical inactivity, unhealthy eating habits and smoking (Zheng, Ley and Hu, 2018). Importantly, around 80% of Type 2 diabetes is preventable by making lifestyle changes (Hu, 2011). This report will cover the physiological mechanisms involved in glycemic control, energy production from food, the need for and methods of glycemic monitoring and evidence-based lifestyle interventions that can improve the control of blood glucose and minimize the long-term complications.


[bookmark: _Toc232961381]2. Physiology of Blood Sugar Regulation
[bookmark: _Toc232961382]2.1 The Role of Insulin in Blood Glucose Homeostasis
The two peptide hormones insulin and glucagon secreted by the pancreatic islets of Langerhans work together to maintain blood glucose homeostasis. Insulin is the most important anabolic hormone which is synthesized and secreted by the pancreatic beta cells and decreases blood glucose levels (Röder et al., 2016). After eating, insulin enters the bloodstream and causes translocation of glucose transporter type 4 (GLUT4) to the plasma membrane of the peripheral tissues, allowing glucose to pass into the cell. (Kumar and Clark, 2021). Insulin stimulates glycogenesis (glycogen synthesis) and blocks gluconeogenesis (glucose production from non-carbohydrate sources) (Saltiel and Kahn, 2001). Moreover, insulin increases lipogenesis and protein biosynthesis, while decreasing lipolysis and proteolysis, which ultimately results in metabolic storage (Röder et al., 2016).

[bookmark: _Toc232961383]2.2 Counter-Regulatory Mechanisms
The pancreatic α cells produce glucagon, the main counter-regulatory hormone to insulin. Glucagon acts as a hormone that increases the output of blood sugar by increasing glycogenolysis and gluconeogenesis in the liver and consequently returns blood sugar to the normal level (euglycaemia) (Taborsky, 2021). This bi-directional relationship helps keep blood glucose within a physiological range (3.5-5.5 mmol/L), according to Kumar and Clark (2021). Other counter-regulatory hormones, such as cortisol, growth hormone and catecholamines, are also involved in glucose homeostasis during stress or fasting (Taborsky, 2021).

[bookmark: _Toc232961384]2.3 Pathophysiology of Type 2 Diabetes
Insulin resistance and beta-cell dysfunction are two basic abnormalities characteristic of type 2 diabetes (DeFronzo et al., 2015). Insulin resistance is defined as the decreased response of tissues outside the pancreas to its action and requires more insulin to be secreted. With time, the compensations for the hyperglycaemia become inadequate, leading to progressive hyperglycaemia (Kahn, Cooper and Del Prato, 2014). Obesity, physical inactivity, and adipose tissue dysfunction are all closely related to insulin resistance, with adipose tissue dysfunction being a central link between these factors (Zheng, Ley and Hu, 2018). Increased release of free fatty acids and pro-inflammatory adipokines, like tumour necrosis factor alpha and interleukin-6, affects insulin signalling pathways (Saltiel and Kahn, 2001). This low-grade inflammation is associated with insulin resistance as well as beta-cell dysfunction (Donath and Shoelson, 2011).

[bookmark: _Toc232961385]3. Cellular Metabolism and Energy Production
[bookmark: _Toc232961386]3.1 Overview of Cellular Respiration
Metabolic process by which cells produce the main energy source of the cells, adenosine 3-phospate (ATP), by oxidation of organic molecules. Glucose and oxygen are needed in this process and carbon dioxide and water are produced as byproducts (Alberts et al., 2015). The overall reaction is:
C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O + ATP
This process is crucial in order to satisfy the energy needs of all cellular activities such as biosynthesis, active transport and mechanical work (Berg, Tymoczko and Gatto, 2019).

[bookmark: _Toc232961387]3.2 Glycolysis
The first step in cellular respiration is glycolysis and takes place in the cytoplasm. Glycolysis is a series of 10 enzymatic reactions which break 1 molecule of glucose into 2 molecules of pyruvate (Nelson and Cox, 2021). The process is anaerobic and produces 2 ATP molecules and 2 molecules of NADH for each glucose molecule consumed (Berg, Tymoczko and Gatto, 2019). Glycolysis is one of the main metabolic pathway in which in addition to generating ATP, intermediates are also used in other biosynthetic pathways (Nelson and Cox, 2021). Pyruvic acid can be then metabolised aerobically in mitochondria or, if there is a lack of oxygen, metabolised to lactic acid by anaerobic glycolysis (Alberts et al., 2015). 

[bookmark: _Toc232961388]3.3 The Krebs Cycle and Electron Transport Chain
Pyruvate is delivered to the mitochondria and is oxidized to acetyl-CoA which is then fed into the Krebs cycle (Berg, Tymoczko and Gatto, 2019). The oxidation of acetyl-CoA to CO₂ happens in the mitochondrial matrix, producing reduced electron carriers (NADH and FADH₂), and a small amount of GTP (Nelson and Cox, 2021). The last step of aerobic respiration is the electron transport chain which takes place in the inner mitochondrial membrane. The reduced electron carriers are the electron donors to the chain and the electrons then go through the protein complexes to the final electron acceptor, which is molecular oxygen, O2 (Alberts et al., 2015). This energy is used to pump protons across the membrane, establishing an electrochemical gradient which will provide the energy for ATP by oxidative phosphorylation (Berg, Tymoczko and Gatto, 2019).

[bookmark: _Toc232961389]3.4 ATP Yield and Physiological Significance
The number of ATP molecules produced by complete aerobic oxidation of one glucose molecule is about 30-32 ATP molecules; while anaerobic glycolysis produces 2 ATP molecules from one glucose molecule (Nelson and Cox, 2021). This dramatic difference highlights the critical importance of adequate delivery of oxygen to tissues and is the reason why conditions that compromise oxygen delivery have dramatic metabolic consequences (Alberts et al., 2015). In case of Type 2 diabetes, there is a decrease in the uptake and use of glucose which can lead to lower ATP production and cause fatigue and limit exercise capacity (Kumar and Clark, 2021).

[bookmark: _Toc232961390]4. The Importance of Tracking Blood Sugar Levels
[bookmark: _Toc232961391]4.1 Blood Glucose Monitoring as a Self-Management Tool
The use of self-monitoring of blood glucose (SMBG) is a core component of diabetes self-management that provides an individualized and real-time data to help patients decide their next steps for diet, exercise and medication (Klonoff et al., 2016). The National Institute for Health and Care Excellence (NICE, 2022) suggest that SMBG should be given to people with type 2 diabetes as part of their treatment, especially if they are taking insulin or medicines that can lead to hypoglycaemia.
By allowing patients to monitor their blood glucose levels, SMBG can help them understand how their lifestyle choices affect their blood sugar and make better-informed decisions about their health care (American Diabetes Association, 2024). Efficacy of structured SMBG has been shown to be linked to better glycemic control, fewer hypoglycaemic events and better quality of life (Polonsky et al., 2015).

[bookmark: _Toc232961392]4.2 Benefits and Clinical Utility
Patients should be able to monitor the effectiveness of medication through regular blood glucose monitoring and adjust this up or down as necessary (NICE, 2022). Monitoring also can assist the patient in recognizing a pattern of hyperglycaemia or hypoglycaemia and take appropriate action to avert acute complications (Klonoff et al., 2016). In addition, by giving immediate information regarding the effect of diet and exercise on blood glucose, SMBG encourages healthy behaviors and encourages lifestyle changes that will benefit the person's health (Polonsky et al., 2015).

[bookmark: _Toc232961393]4.3 HbA1c Testing
HbA1c test can give a more comprehensive picture of glycaemic control over the last 8-12 weeks, as compared to the point in time measurement offered by SMBG (Kumar and Clark, 2021). HbA1c is the best indicator of long-term glycemic control (NICE, 2022) and gives an indication of the average blood glucose level over this timeframe. The American Diabetes Association (2024) recommends that most adults with type 2 diabetes have an HbA1C level of 48 mmol/mol (6.5%) or lower.

[bookmark: _Toc232961394]4.4 Consequences of Poor Glycaemic Control
The Diabetes Control and Complications Trial (DCCT) and the UK Prospective Diabetes Study (UKPDS) have shown that maintaining as close to normal as possible blood glucose level significantly lowers the risk of microvascular complications, such as retinopathy, nephropathy and neuropathy (Stratton et al., 2000). In addition, uncontrolled diabetes has a high risk for macrovascular disease, such as cardiovascular disease, stroke and peripheral vascular disease (PVD) (Kahn, Cooper and Del Prato, 2014).


[bookmark: _Toc232961395]5. Evidence-Based Lifestyle Recommendations
Lifestyle modifications play a crucial role in achieving clinically meaningful improvements in glycaemic control for the management of type 2 diabetes, with evidence showing that dietary, physical activity, smoking cessation and weight management can all decrease cardiovascular risk (Esposito et al, 2015; Colberg et al, 2016).

[bookmark: _Toc232961396]5.1 Dietary Modifications
As a fundamental aspect of diabetes care, nutritional therapy is crucial. Individualised medical nutrition therapy delivered by a registered dietitian (RD) is recommended for the American Diabetes Association (2024). The recommendations for diet, which are based on evidence focus on whole foods such as vegetables, fruits, whole grains, legumes, nuts and seeds, and reducing refined carbohydrates, added sugars and saturated fats (Esposito et al., 2015). Esposito et al. (2015) carried out a systematic review, which proved that consumption of a Mediterranean diet is an effective way of improving glycaemic control and decreasing cardiovascular risk. Complex carbohydrates, such as wholemeal bread or oats and pulses such as chickpeas or lentils are recommended by the NHS (2024).

[bookmark: _Toc232961397]5.2 Physical Activity
The use of regular physical activity is well documented to have benefits on glycaemic control, insulin sensitivity and cardiovascular health (Colberg et al., 2016). When exercising, glucose is taken up in skeletal muscle by other mechanisms besides insulin and these mechanisms also increase during exercise (Kumar and Clark, 2021). According to the American Diabetes Association, 150 minutes of moderate to vigorous aerobic activity weekly and 2-3 sessions of resistance training (Colberg et al., 2016) are recommended. Physiological benefits include GLUT4 translocation, improved insulin sensitivity, improved mitochondrial function and decreased systemic inflammation (Zheng, Ley and Hu, 2018). Physical activity is also known to help with weight loss and could result in a remission of diabetes (Lean et al., 2018).

[bookmark: _Toc232961398]5.3 Smoking Cessation
Smoking is one of the greatest risk factors for type 2 diabetes, with smokers being 30-40% more likely to develop type 2 diabetes than non-smokers (Patja et al., 2005). Smoking worsens cardiovascular complications, and affects glycaemic control (Zheng, Ley and Hu, 2018). So, smoking cessation is vital and NHS support services for smoking cessation include support from behavioural interventions, nicotine replacement therapy and pharmacotherapy (NICE, 2021). Both quitting the smoke and losing weight decrease cardiovascular risk, improve glycaemic control, and improve health outcomes (Willi et al., 2007).

[bookmark: _Toc232961399]5.4 Weight Management
Excess adiposity, or obesity, is the most important modifiable risk factor, and is responsible for about 90% of the cases (Hu, 2011). The DiRECT trial showed that the remission of diabetes can be achieved with substantial weight loss, at 12 months 46% of the participants had a successful results (Lean et al., 2018). This is achieved through multiple mechanisms such as decreased inflammation, improved beta-cell function, reduced hepatic lipid accumulation and improved insulin sensitivity (Taylor, 2019). Overweight people are recommended to lose 5-10% of body weight according to NICE (2022).

[bookmark: _Toc232961400]5.5 Additional Lifestyle Considerations
Alcohol consumption should be done in moderation as excess consumption can have negative effects on glycaemic control and cardiovascular health (American Diabetes Association, 2024). Other such as adequate sleep and stress management are also needed as chronic stress and sleep deprivation has been linked with insulin resistance and increased blood glucose (Kumar and Clark, 2021; Zheng, Ley and Hu, 2018).


[bookmark: _Toc232961401]6. Conclusion
Type 2 diabetes is a lifelong chronic metabolic disorder, caused by insulin resistance and a gradual decline in the function of the insulin-producing beta cells, which is caused by factors that can be modified, such as smoking, physical inactivity, obesity and poor diet, as well as the genes that predispose the individual to developing the disease. A grasp of blood glucose control and cellular energy production are an important context for self-management. Patients' self-monitoring of blood glucose and regular HbA1C testing put in place, allows them to understand how their life choices affect their health and make informed decisions. Lifestyle changes, such as diet, physical activity, quitting smoking and weight control have been shown to dramatically improve the control of glycaemia, lower cardiovascular risk and can result in remission. Supporting patients to make these changes, and to utilize their healthcare plan and treatment, is an important role for healthcare professionals and is key to achieving better health and quality of life.
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