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Type 2 diabetes mellitus is a chronic metabolic disease with a high blood glucose level (hyperglycaemia) due to insulin resistance in body tissues and progressive beta-cell failure in the pancreas (American Diabetes Association, 2022). Typically the highest prevalence of diabetes worldwide, constituting around 90-95% of all diabetes cases and is a significant and escalating public health issue (World Health Organisation, 2023). According to Diabetes UK (2023), there are currently 4.3 million people living with diagnosed diabetes in the United Kingdom and around 850,000 more who are undiagnosed.
There are non-modifiable and modifiable risk factors for Type 2 diabetes. Multiple risk factors cannot be modified, such as increasing age, family history and genetic predisposition, and ethnicity, with South Asian, African and African Caribbean communities having a much higher risk (NICE, 2022). Modifiable risk factors are at the heart of the scenario detailed in this case study, and include physical inactivity, obesity (including central (abdominal) adiposity), an unbalanced diet rich in refined carbohydrates and saturated fats, and smoking (Public Health England, 2020).
As a practice nurse working with Type 2 diabetes patients, it is important to clearly present patient-specific information based on evidence so patients can understand their disease and participate in their care plan. This report discusses the physiology of blood glucose control, the metabolism of oxygen and glucose in the production of energy at the cellular level, clinical relevance of recording and monitoring blood glucose readings, and evidence-driven recommendations for lifestyle factors that may help patients manage their diabetes safely and effectively.
[bookmark: _Toc232282406]2.0 The regulation of blood sugar level
Blood glucose levels are also maintained within a small homeostatic range (3.9-7.8 mmol/L in a healthy, non-diabetic person) by a coordinated hormonal system through the pancreas (Tortora and Derrickson, 2017). After food arrives in the body, if blood glucose levels go up, then the islets of Langerhans (of the pancreas) sense the high level and release insulin into the blood. Insulin is a very important signalling molecule which binds to the insulin receptor (IR) on the surface of specific target cells in the skeletal muscle, adipose tissue and liver, resulting in the movement of glucose transporter 4 (GLUT4) proteins to the cell surface (Wilcox, 2005). Excessive glucose in the blood is taken into these cells by GLUT4 transporter proteins, which use glucose to produce energy or store it as glycogen, thus lowering blood glucose levels back to normal.
Insulin also increases glycogenesis (conversion of glucose into glycogen for storage) and decreases gluconeogenesis (synthesis of glucose from sources other than carbohydrates), specifically in the liver, which decreases glucose production in the liver (Hall and Hall, 2021). This multi-tissue response helps to prevent long periods of raised blood glucose levels.
The islets of Langerhans also contain alpha cells, which release a counter-regulatory hormone called glucagon when blood glucose levels are low, such as in fasting or during exercise. Glucagon induces the breakdown of stored glycogen to glucose (glycogenolysis) and stimulates the production of new glucose (gluconeogenesis) in the liver to prevent blood glucose levels dropping, thereby avoiding hypoglycaemia (Tortora and Derrickson, 2017). This balance of opposing hormones, insulin and glucagon, is a typical negative feedback control mechanism that keeps blood glucose levels in check.
In Type 2 diabetes, insulin resistance occurs in the target tissues - these tissues don't receive the insulin signal effectively, which leads to lower translocation of GLUT4 and lower glucose uptake (Kahn et al., 2014). The pancreatic beta cells attempt to cope by increasing the secretion of insulin, but, in time, beta-cell exhaustion follows - gradually there will be less insulin secreted, causing persistent hyperglycaemia. Persistent hyperglycaemia (high blood glucose) leads to damage to blood vessels and nerves, which leads to a higher risk of long-term complications such as retinopathy, nephropathy, neuropathy and cardiovascular disease (NICE, 2022).
[bookmark: _Toc232282407]3.0 Cell Metabolism – consuming oxygen and glucose to generate energy
The substrates that are used to generate adenosine triphosphate (ATP), which supplies energy for almost all cellular processes, are primarily glucose and oxygen. It is called aerobic cellular respiration and occurs mainly in the mitochondria and may be described by the following equation: C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O + ATP energy (Marieb and Hoehn, 2022).
In aerobic respiration, three stages of respiration happen one after another. Glycolysis occurs in the cytoplasm, i.e. inside the cell, and starts with a six-carbon sugar, glucose, which is converted into two molecules of pyruvate, a three-carbon sugar, with a small net gain of two ATP molecules, and formation of the two electron carriers, NADH. Second, every pyruvate molecule is taken up by the mitochondria and converted to acetyl-CoA, which proceeds into the mitochondrial matrix to enter the Krebs cycle (citric acid cycle). The Krebs cycle generates two more electron carriers (NADH and FADH₂) and carbon dioxide as a metabolic waste product. Third, these electron carriers pass on their electrons to the electron transport chain in the inner mitochondrial membrane, resulting in a process called oxidative phosphorylation and the production of most of the cell's ATP (30 to 32 ATP molecules per molecule of glucose), with water as its final by-product (Tortora and Derrickson, 2017).
Insulin resistance in Type 2 diabetes limits the amount of glucose that can enter the cells, and thus, in patients with Type 2, the cells are not getting their energy source: glucose. Consequently, the body becomes fatigued, wound healing is affected, and the energy source is switched to fatty acids (Kahn et al., 2014). This represents an important role that normal blood glucose control plays in maintaining normal cell function and energy metabolism.
[bookmark: _Toc232282408]4.0 Recording and Tracking Blood Sugar Levels
Self-monitoring of blood glucose (SMBG) is an essential and key part of the overall care of diabetes. Patients use self-monitoring of blood glucose (SMBG) with a blood glucose meter to monitor in real time how their food intake, physical activity, illness, stress levels or use of medicine affects their blood glucose level, so they can make informed decisions about their daily activities and know when their blood glucose level is out of the safe range (NICE, 2022).
The glycated haemoglobin (HbA1c) test is a complementary long-term measure of glycaemic control that can be used in clinical practice. HbA1c is a measure of blood glucose found attached to the haemoglobin protein, and as the life span of a red blood cell is about 120 days, HbA1c is a good indicator of average blood glucose levels over the previous 2 to 3 months (Marieb and Hoehn, 2022). NICE (2022) advises that for most people with Type 2 diabetes taking glucose-lowering treatments, the aim of treatment should be to maintain an HbA1c level between 48 – 53 mmol/mol; the HbA1c should be checked every three to six months until it is stable and then detected every six months thereafter. There is a clear link between chronic hyperglycaemia and the presence of microvascular and macrovascular complications, and routinely monitoring HbA1c is important in recognising the need for modifying treatment regimens (Kahn et al., 2014).
As time goes on, these blood glucose readings can also show trends, such as high fasting glucose levels, which may mean there are issues with medication or diet; or blood glucose levels from pre-meal readings and post-meal readings can show the glycaemic effect of various foods. Patients who monitor and record glucose data are better able to identify when their blood sugar is low, know what to do, and have active interactions with their health care provider at clinic reviews (American Diabetes Association, 2022). The collaboration between patients and the professionals is a key component in averting the potentially severe long-term consequences of poorly managed Type 2 diabetes.
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[bookmark: _Toc232282410]5.1 Dietary Modification
Diets are the most effective extraneous change that can manage blood glucose. Individuals with Type 2 diabetes are recommended to receive individual dietary advice, in particular to limit consumption of refined carbohydrate and added sugar, and to increase dietary fibre intake, from a registered dietitian, and to follow an eating pattern based on a Mediterranean-style diet or a low-calorie diet, as recommended by NICE (2022). Remission of Type 2 diabetes was achieved in 46% at twelve months in the Diabetes Remission Clinical Trial (DiRECT), which was a landmark randomised controlled trial that involved a structured low-calorie dietary intervention (low calorie 850kcal/day for 3-5 months followed by systematic food reintroduction and ongoing support). There was excellent correlation between weight loss and remission, with the greatest and most sustained remission with 15 kg or more weight loss. The results of these studies illustrate the potent effect that diet changes can have on the physiological effects, in this case on how changes in body composition (reduction in liver and visceral fat) can improve insulin sensitivity (Lean et al., 2018).
[bookmark: _Toc232282411]5.2 Physical Activity
Exercise increases insulin sensitivity by enhancing the expression and translocation of GLUT4 in skeletal muscle to allow glucose to be moved across the cell membrane without the need for insulin signalling (Colberg et al., 2016). According to the UK Chief Medical Officers' Physical Activity Guidelines, adults should do at least 150 minutes of moderate intensity aerobic activity (but not necessarily the same type) each week, and additional muscle strengthening 2 or 3 days of the week (UK Chief Medical Officers, 2019). Umpierre et al. (2011) carried out a systematic review and meta-analysis of 47 randomised controlled trials, which showed that structured exercise training was linked to a clinically significant reduction in HbA1c of about 0.67% and the enhanced benefit of exercise was seen when the duration of training was more than 150 mins/wk. In relation to behaviour change, providing guidance on the physical activities patients can realistically do – such as brisk walking, swimming or cycling – and slowly increasing the pace is a crucial part of supporting behaviour change for practice nurses.
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Smoking is known to hurt glycaemic control and the risk of diabetes related complications. Nicotine and other constituents of tobacco affect insulin action, encourage insulin resistance, increase the levels of cortisol (which stimulates gluconeogenesis to increase blood glucose) and also cause endothelial dysfunction, which hastens the development of cardiovascular complications, already the top cause of mortality in people with Type 2 diabetes (Public Health England, 2020). NICE (2021) advises healthcare professionals to offer brief advice to all smokers in addition to offering smoking cessation medicines (varenicline or nicotine replacement therapy [NRT]) and referral to NHS Stop Smoking Services. A prospective clinical trial conducted by Voulgari et al. (2011) has shown that when patients with newly diagnosed Type 2 diabetes stop smoking, glycaemic control, blood pressure, dyslipidaemia and insulin resistance are all significantly improved, and they see a significant decrease in microalbuminuria (an early indicator of kidney damage) compared to those who continued to smoke. These results highlight the need to prioritise smoking cessation intervention as a high-priority intervention in the care of patients with Type 2 diabetes.
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Type 2 diabetes is a severe and progressive chronic disease caused by a failure of one's natural blood sugar (glucose) control. Patients and health providers should have an accurate understanding of the way insulin and glucagon regulate blood glucose levels; how cells convert glucose and oxygen to energy by aerobic respiration; and how the regulation of these processes is affected in the case of Type 2 diabetes. The regular documentation and monitoring of blood sugar levels (self-monitoring and regular HbA1C testing) ensure that sufficient evidence is available for timely medical decisions and patients are actively involved in their health management, ensuring safe treatment.
The evidence shows that structured lifestyle interventions: individualised dietary modification, regular physical activity and smoking cessation, can result in clinically significant improvements in glycaemic control, a reduction in the risk of long-term complications and, in some cases, remission of the condition. In the role of a practice nurse, providing patients with clear, evidence-based patient information and education about incorporating the physiology of the condition into the patients' everyday life is at the heart of supporting patients in their ability to engage with their care plans and optimise their long-term health and well-being.



[bookmark: _Toc232282414]7.0 Reference List
American Diabetes Association (2022) Standards of Medical Care in Diabetes—2022. Diabetes Care, 45(Supplement 1), pp. S1–S264. https://diabetesjournals.org/care/article/45/Supplement_1/S1/138921
Colberg, S.R., Sigal, R.J., Yardley, J.E., Riddell, M.C., Dunstan, D.W., Dempsey, P.C., Horton, E.S., Castorino, K. and Tate, D.F. (2016) Physical activity/exercise and diabetes: a position statement of the American Diabetes Association. Diabetes Care, 39(11), pp. 2065–2079. : https://diabetesjournals.org/care/article/39/11/2065/37249
Diabetes UK (2023) Number of people living with diabetes in the UK tops 5 million for the first time. https://www.diabetes.org.uk/about-us/news-and-views/number-people-living-diabetes-uk-tops-5-million-first-time
Hall, J.E. and Hall, M.E. (2021) Guyton and Hall textbook of medical physiology. 14th edn. Philadelphia: Elsevier.
Kahn, S.E., Cooper, M.E. and Del Prato, S. (2014) Pathophysiology and treatment of type 2 diabetes: perspectives on the past, present, and future. The Lancet, 383(9922), pp. 1068–1083. https://pubmed.ncbi.nlm.nih.gov/24315620/
Lean, M.E.J., Leslie, W.S., Barnes, A.C., Brosnahan, N., Thom, G., McCombie, L., Peters, C., Zhyzhneuskaya, S., Al-Mrabeh, A., Hollingsworth, K.G., Rodrigues, A.M., Rehackova, L., Adamson, A.J., Sniehotta, F.F., Mathers, J.C., Ross, H.M., McIlvenna, Y., Stefanetti, R., Trenell, M., Welsh, P., Kean, S., Ford, I., McConnachie, A., Sattar, N. and Taylor, R. (2018) Primary care-led weight management for remission of type 2 diabetes (DiRECT): an open-label, cluster-randomised trial. The Lancet, 391(10120), pp. 541–551. : https://www.thelancet.com/article/S0140-6736(17)33102-1/fulltext
Marieb, E.N. and Hoehn, K. (2022) Human anatomy and physiology. 11th edn. Harlow: Pearson Education.
National Institute for Health and Care Excellence (2021) Tobacco: preventing uptake, promoting quitting and treating dependence. NICE guideline [NG209]. https://www.nice.org.uk/guidance/ng209
National Institute for Health and Care Excellence (2022) Type 2 diabetes in adults: management. NICE guideline [NG28]. https://www.nice.org.uk/guidance/ng28
Public Health England (2020) Guidance: Diabetes prevention programme. https://www.gov.uk/government/collections/nhs-diabetes-prevention-programme
Tortora, G.J. and Derrickson, B.H. (2017) Principles of anatomy and physiology. 15th edn. Hoboken: Wiley.
UK Chief Medical Officers (2019) UK Chief Medical Officers’ physical activity guidelines. London: Department of Health and Social Care. https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
Umpierre, D., Ribeiro, P.A.B., Kramer, C.K., Leitão, C.B., Zucatti, A.T.N., Azevedo, M.J., Gross, J.L., Ribeiro, J.P. e Schaan, B.D. (2011) Physical activity advice only or structured exercise training and association with HbA1c levels in type 2 diabetes: a systematic review and meta-analysis. JAMA, 305(17), pp. 1790–1799. https://pubmed.ncbi.nlm.nih.gov/21540423/
Voulgari, C., Katsilambros, N. and Tentolouris, N. (2011) Smoking cessation predicts amelioration of microalbuminuria in newly diagnosed type 2 diabetes mellitus: a 1-year prospective study. Metabolism, 60(10), pp. 1456–1464. https://pubmed.ncbi.nlm.nih.gov/21489578/
Wilcox, G. (2005) Insulin and insulin resistance. Clinical Biochemist Reviews, 26(2), pp. 19–39.
World Health Organisation (2023) Diabetes. https://www.who.int/news-room/fact-sheets/detail/diabetes


Page 2 of 2

