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Case Study 1: Type 2 Diabetes

Introduction 
Type 2 diabetes is a long-term metabolic condition where blood sugar levels (hyperglycaemia) remain high because insulin does not work properly and the pancreas cannot make enough of it (MedlinePlus, 2024; World Health Organisation (WHO), 2024). In healthy people, insulin made by pancreatic β-cells allows glucose to enter body cells to be used as energy. In type 2 diabetes, body cells do not respond well to insulin and the pancreas cannot meet the extra demand (MedlinePlus, 2024; WHO, 2024). This leads to consistently high blood sugar, which over time can damage nerves, blood vessels and organs. More than 95% of all cases of diabetes are type 2, and the number of people affected has grown rapidly worldwide (WHO, 2024).
Moreover, the risk factors for type 2 diabetes include being overweight or obese, which is the strongest contributor as excess fat interferes with insulin signalling and raises the lifetime risk of diabetes from around 7–12% at a healthy weight to over 70% in those with very high weight (Garg and Daley, 2025). A sedentary lifestyle also increases risk by worsening insulin resistance, while regular activity improves the body’s use of glucose and helps prevent weight gain (Part et al., 2020). Family history and genetic background are important too, with the risk rising if a parent or sibling has diabetes, and certain groups such as African, South Asian and Hispanic/Latino communities being more likely to develop the condition (Centers for Disease Control and Prevention (CDC), 2024; MedlinePlus, 2024). Age plays a role as well, with people over 45 years and those with pre-diabetes at higher risk (CDC, 2024; MedlinePlus, 2024). Other health problems such as high blood pressure, abnormal cholesterol, polycystic ovary syndrome and a history of gestational diabetes also increase the likelihood of developing type 2 diabetes (CDC, 2024; MedlinePlus, 2024). Smoking also increases risk, as tobacco encourages insulin resistance and worsens complications (NHS UK, 2023; International Diabetes Federation (IDF), 2023).
Many of these factors can be changed. Public health advice stresses that type 2 diabetes is often preventable through lifestyle changes, keeping a healthy weight, eating a balanced diet and exercising regularly can prevent or delay diabetes (NHS UK, 2023; WHO, 2023; IDF, 2023). Against this background, this report examines Type 2 diabetes by describing the condition and identifying its major risk factors. It explains how blood sugar levels are normally regulated in the body and how this process is disrupted in diabetes. The report also outlines the role of glucose and oxygen in cellular metabolism, showing how they are used to produce energy. In addition, it considers the importance of recording and tracking blood glucose levels to help individuals manage their condition safely. Evidence-based recommendations are then presented on how lifestyle changes can improve blood glucose control and reduce complications.

Regulation of Blood Sugar
Blood sugar is carefully controlled to stay within a safe range (about 4–6 mmol/L, or 70–110 mg/dL) (Nakrani, et al., 2023). After meals, rising glucose triggers pancreatic β-cells to release insulin. Insulin allows glucose to enter muscle, fat and liver cells and encourages the liver to store glucose as glycogen (Dimitriadis et al., 2021; Nakrani et al., 2023). This lowers glucose back toward normal. When levels drop, insulin release falls and pancreatic α-cells release glucagon (Nakrani et al., 2023; Quesada et al., 2008). Glucagon signals the liver to break down glycogen and make new glucose, raising blood levels again. Together, insulin and glucagon form a feedback loop that keeps blood sugar stable whereby high glucose leads to insulin release, while low glucose leads to glucagon release (Nakrani et al., 2023; Farman  et al., 2018). 
Noteworthily, the liver has an important role in balancing glucose. After eating, it stores excess sugar as glycogen. During fasting, it releases glucose to avoid hypoglycaemia (Lema-Pérez, 2021; Nakrani et al., 2023). Muscle also stores glycogen and uses glucose when insulin is present. If blood sugar stays high, the constant demand on insulin eventually exhausts β-cells. Severe low sugar levels trigger other hormones such as adrenaline, cortisol and growth hormone to raise glucose (Qaid and Abdelrahman, 2016; Nakrani et al., 2023).
Normal fasting sugar is about 80–90 mg/dL and usually returns to this within two hours of eating. Insulin lowers glucose, glucagon raises it, and other hormones such as somatostatin and amylin adjust the response. Insulin and glucagon remain the main regulators. In type 2 diabetes, insulin resistance disrupts this balance, leading to long-term high glucose that harms body organs (WHO, 2024).

Cell Metabolism: The Role of Oxygen and Glucose in Energy Production
Glucose and oxygen are the main fuels for energy production in body cells. In the cytoplasm, glucose (C₆H₁₂O₆) is broken down in glycolysis into two pyruvate molecules, producing 2 ATP and 2 NADH per glucose without the need for oxygen (Melkonian & Schury, 2023). This is not efficient. In cells with oxygen, pyruvate enters mitochondria and becomes acetyl-CoA, which feeds into the tricarboxylic acid (TCA) cycle (Nakrani et al., 2023; Melkonian & Schury, 2023). Each cycle produces more NADH and FADH₂.
Most ATP comes from the electron transport chain (ETC) in the inner mitochondrial membrane. NADH and FADH₂ pass electrons to oxygen, the final acceptor, in oxidative phosphorylation. This creates about 32 ATP per glucose. In total, one glucose molecule produces about 34 ATP under aerobic conditions, with carbon dioxide and water as by-products (Melkonian & Schury, 2023). Without oxygen, cells convert pyruvate to lactate, producing only 2 ATP (Melkonian & Schury, 2023). Moreover, ATP powers muscle contraction, nerve impulses, transport of molecules and many other cell functions. Glucose and oxygen are therefore essential for life (Nakrani et al., 2023; Melkonian & Schury, 2023). When sugar is low, the liver makes glucose from lactate, glycerol or amino acids. When sugar is high, cells store it as glycogen or convert it to ATP (Nakrani et al., 2023). Insulin helps this process by increasing the number of glucose transporters in muscle and fat cells. Oxygen ensures complete breakdown of glucose and maximum ATP output (Melkonian & Schury, 2023).
Importantly, cellular metabolism of glucose moves through glycolysis, the TCA cycle and the ETC, giving about 34 ATP with oxygen and only 2 ATP without it (Mahundi and Manwa, 2015). This explains why glucose uptake through insulin and oxygen supply are important for energy production.
Importance of Blood Sugar Monitoring in Managing Type 2 Diabetes
People with type 2 diabetes need to monitor blood sugar regularly as part of self-care. This can be done with finger-stick meters or continuous glucose monitors (CGMs) (Aueyong; 2023; Nwanna, 2025). Finger-stick meters show glucose at a single point in time and are useful to check the impact of food or medication. CGMs use a sensor under the skin to record glucose continuously, showing trends across the day (Oser & Oser, 2024). Routine self-monitoring several times a day can help people notice patterns and make changes to treatment (Peel et al., 2007).
Monitoring gives feedback and improves safety. Patients and their care teams can see how food, activity, stress and medication affect glucose (Oser & Oser, 2024). High readings after meals may show the need for diet or medicine changes, while low readings (hypoglycaemia) signal the need to eat or adjust doses. According to Monnier et al. (2007), monitoring is key to finding out how well your current treatment plan is working and helps with daily choices about food, activity and medicines. It is also the only way to know for sure when your blood sugar levels are changing (Monnier et al. (2007). Specifically, CGMs have improved diabetes care by providing real-time data and alerts. Studies show they can reduce HbA1c and increase the time patients spend in their target range (Oser and Oser, 2024). Patients often say that CGMs help them understand how foods and exercise affect glucose and encourage better habits. CGMs can also warn of dangerously low glucose even when symptoms are absent, which increases safety (Kraaijeveld, 2021; Oser and Oser, 2024).
Regardless of whether by finger-stick tests or CGMs, regular monitoring gives patients the knowledge to make timely changes to diet, activity or medicines. According to Oser and Oser (2024), structured monitoring has been shown to improve blood sugar control and support patient involvement in care.
[bookmark: _l7grm5scg2vb]Lifestyle Recommendations to Improve Patient Condition
According to Borse et al. (2021), the management of Type 2 diabetes relies heavily on lifestyle changes. Research demonstrates that eating well, being physically active, losing weight, and giving up smoking can all improve blood sugar control and lower the risk of complications. These measures are considered central to long-term management because they address the root causes of insulin resistance and poor glucose regulation.
Furthermore, adopting a healthy diet and working towards weight loss play an essential role in diabetes care. A balanced diet that includes vegetables, whole grains, lean proteins, and healthy fats helps to maintain stable glucose levels (Al-Adwi et al., 2023). Reducing the intake of added sugars and refined carbohydrates prevents sudden spikes in blood sugar (Kumar, 2024). Both the NHS UK (2025) and The British Diabetic Association (n.d.) recommend diets that are rich in fruits, vegetables, pulses, and whole grains, while discouraging highly processed foods that are high in salt, sugar, and fat. These changes not only improve blood sugar but can also lead to weight reduction. Evidence shows that losing around 10% or more of body weight significantly improves insulin sensitivity and glucose control (Tahrani & Morton, 2022). In some cases, substantial weight loss can even bring diabetes into remission (Garg & Daley, 2025; The British Diabetic Association, n.d.). However, such changes should be introduced gradually and maintained in the long term, ideally with guidance from health professionals (NHS UK, 2025).
In addition, regular exercise is another cornerstone of Type 2 diabetes management. Physical activity improves how the body responds to insulin and directly lowers blood sugar levels (Iaccarino et al., 2021). Current NHS guidance recommends at least 150 minutes of moderate activity each week, such as brisk walking, swimming, or cycling (NHS UK, 2025). Exercise increases glucose uptake by muscles both with and without insulin (Kirwan et al., 2017), making it particularly effective in those with insulin resistance. Clinical studies confirm that physical activity reduces HbA1c, blood pressure, and body fat in people with Type 2 diabetes (Kirwan et al., 2017). Even simple measures such as walking after meals have been shown to limit post-meal glucose spikes (Walsh, 2025).
Moreover, stopping smoking is strongly recommended in the management of Type 2 diabetes. Smoking not only increases insulin resistance but also damages blood vessels, which worsens the risk of cardiovascular complications. Evidence shows that quitting smoking can lower the risk of developing Type 2 diabetes by up to 40% and, in those already diagnosed, reduces the chances of heart disease, stroke, kidney failure, and other complications (IDF, 2023). For this reason, health authorities consistently advise people with diabetes, as well as those at risk, to stop smoking.
In addition to these major strategies, other measures contribute to improved management of the condition. Limiting alcohol intake, maintaining good oral health, and participating in structured support programmes are all beneficial. Initiatives such as the NHS Diabetes Prevention Programme provide guidance on diet, weight management, and physical activity. Keeping a diary of food intake and daily activity has also been found to help individuals remain accountable and motivated (The British Diabetic Association, n.d.).
In all, evidence from research and clinical guidelines shows that lifestyle changes are highly effective in managing Type 2 diabetes. Improved diet and calorie control lower HbA1c and support sustainable weight loss, regular exercise enhances insulin sensitivity, and smoking cessation reduces both the risk and the severity of diabetes (Kirwan et al., 2017; IDF, 2023; Garg & Daley, 2025). Importantly, sustained changes in lifestyle can sometimes lead to remission of Type 2 diabetes, reducing or delaying the need for medication (Garg & Daley, 2025; The British Diabetic Association, n.d.).
[bookmark: _54z986y2vqvr]Conclusion
Type 2 diabetes is a common long-term condition caused by insulin resistance and limited insulin production. Both lifestyle factors such as weight, inactivity, diet and smoking and non-modifiable ones like age and family history affect its development. Normally, insulin and glucagon keep blood sugar stable which allows glucose to be used with oxygen for energy. In diabetes, this balance is lost and blood sugar remains high. Self-monitoring with finger-stick meters or CGMs is important for safe daily management. Specifically, lifestyle measures like healthy eating, regular exercise, weight loss and stopping smoking, provide strong benefits and may even reverse the condition in some people. Together with medical care where needed, these steps allow many people to achieve near-normal sugar levels and protect long-term health.
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