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1) Introduction
Type 2 Diabetes Mellitus (T2DM) is considered a long-term metabolic disease that is accompanied by insulin deficiency and hyperglycaemia, resistance to insulin (Powers et al., 2022). According to the International Diabetes Federation (2021), T2DM is the main form of diabetes that comprises approximately 90% of all cases of diabetes in the globe, with over 590 million adults living with diabetes. Opposing Type 1 diabetes, T2DM has become more progressive and is considerably associated with modified lifestyle factors.
Pathophysiological features of T2DM include the dysfunction of insulin-sensitive pancreatic β-cells, and reduced insulin sensitivity of key tissues including skeletal muscle, liver and fat (DeFronzo et al., 2015). Visceral obesity increases inflammatory signalling, which impairs insulin signalling, along with increasing hepatic glucose production (Varra et al., 2024). Therefore, the maintenance of hyperglycemia increases the risk of complications. Lacombe et al. (2019) asserted that poor diet, poor physical activity, and smoking are significant behavioural risk factors that contribute to the development of disease. The current report is anchored on the case study of a patient with Type 2 Diabetes Mellitus and how the physiological processes and lifestyle behaviours affect their blood glucose management. The discussion will be based on the theoretical knowledge applied to this case to discuss practical management strategies.
2. Regulation of Blood Glucose Levels
In a study by Hill and Hill (2024), the process of controlling blood glucose levels was discovered to be through a complex endocrine feedback mechanism of insulin and glucagon released by the pancreatic islets of Langerhans. Maintenance of glucose at a narrow physiological range (i.e. 4-7 mmol/L during fasting) becomes a requirement of normal cell functioning, particularly to organs fully reliant on glucose (e.g. the brain).
2.1 Role of Insulin
Insulin is a major blood glucose regulator which promotes glucose uptake. With the consumption of carbs, the level of blood glucose rises while β-cells of the pancreas trigger the release of insulin. As per Merz and Thurmond (2020), insulin ensures the uptake of glucose into the adipose tissue and skeletal muscle by the GLUT4 transporters. In another study (Hatting et al., 2018), the evaluation was that insulin stimulates the synthesis of glycogen and suppresses gluconeogenesis and glycogenolysis in the liver. As one can observe, insulin controls lipid metabolism, which promotes fat storage and inhibits lipolysis. In this way, the process of glucose regulation is connected to the metabolic processes. This, however, is gradually broken in T2DM, meaning that physiological regulation is not enough without behavioural intervention.
2.2 Role of Glucagon
As per Unger and Cherrington (2012), during fasting or hypoglycemia, alpha-cells of the pancreas secrete glucagon. Glycogenolysis and gluconeogenesis are encouraged by glucagon, leading to elevated blood glucose. Such a counter-regulatory mechanism provides a continuous energy supply in cases when intake is low.
2.3 Dysregulation in Type 2 Diabetes
This is a regulatory system which is impaired in T2DM. According to Kahn et al. (2014), uptake of cellular glucose is reduced when insulin secretion is impaired because of dysfunction of β-cells. Moreover, dysfunctional secretion of glucagon also increases the hepatic glucose production rate; ultimately, hyperglycaemia is exacerbated (Khin et al., 2023). Most importantly, it is not just a hormonal dysfunction. Obesity and physical inactivity are the direct causes of lifestyle factors that impair the insulin signalling pathways (Małkowska, 2024). Therefore, T2DM is a loss of physiological and behavioural adaptability. This is relevant to the case study because the person has chronic hyperglycaemia, as the resistance to insulin and impaired hormonal control over glucose levels do not allow him to control his glucose levels.
3. Cellular Metabolism: Role of Oxygen and Glucose
As Dunn and Grider (2020) emphasised, the cellular metabolism depends on glucose metabolism to produce adenosine triphosphate (ATP), which is the major energy source in the body. It can be subdivided into three phases as shown in Figure 1.

Figure 1: Steps in cellular metabolism (Self-made)
3.1 Glycolysis
The first phase of glucose metabolism is ‘Glycolysis’ that occurs in the cytoplasm for generating molecules of pyruvate from one glucose molecule, with the synthesis of the minimal quantity of NADH and ATP (Nelson and Cox, 2021). It can be anaerobic (oxygen independent), the first stage in the metabolism of glucose.
3.2 Krebs Cycle and Oxidative Phosphorylation
In the presence of oxygen, pyruvate enters the mitochondria, where it is oxidised further in the cycle of the Krebs. It generates the electron carriers (FADH 2 and NADH) that feed into the electron transport chain. As per Hall and Hall (2021), oxygen behaves like the final acceptor of electrons that enables generating a significant amount of ATP by oxidative phosphorylation.
3.3 Metabolic Dysfunction in T2DM
In T2DM, the improper glucose absorption impairs the substrate supply to cell respiration, which reduces ATP production. Forbes and Cooper (2013) found that oxidative stress also occurs due to chronic hyperglycaemia, impairs mitochondrial function and aggravates metabolic efficiency. This causes a loop of cellular damage, energy insufficiency and insulin resistance. Therefore, it may be said that the necessary glucose is required to generate energy and prevent complications, such as retinopathy, cardiovascular disease and neuropathy. In the situation of the case study, diminished glucose absorption and disrupted metabolism can be one of the factors of fatigue and decreased energy levels of the patient.
The following table shows the balance of glucagon and insulin. This balance in T2DM is lost, which demonstrates the relevance of physiological knowledge as well as lifestyle intervention in returning metabolic stability.
Table 1: Hormonal Regulation of Blood Glucose
	Hormone
	Source
	Trigger
	Primary Action
	Physiological Outcome

	Insulin
	β-cells (pancreas)
	High blood glucose
	Enhances glucose uptake, glycogenesis, and suppresses gluconeogenesis (Brereton et al., 2016)
	Reduces blood glucose.


	Glucagon
	α-cells (pancreas)
	Blood glucose becomes low
	Triggers glycogenolysis and gluconeogenesis
	Blood glucose increased (Wendt and Eliasson, 2022)



4. Importance of Recording and Tracking Blood Glucose Levels 
The proper management of T2D requires physiological knowledge and active involvement of the patient with regular health information. As per the report of the American Diabetes Association (2024), self-monitoring of blood glucose (SMBG) is an extremely imperative element of diabetic treatment because it assists patients in tracking trends and viewing how treatment works. In this manner, complications were prevented to a greater extent. Practically, the monitoring system of blood glucose can offer dynamic feedback on the effects of numerous lifestyle aspects (including exercise, diet, and medication) on the levels of blood glucose. In the case study, frequent self-observation would enable the person to have a better grasp of the impact of their daily behaviours on the level of blood sugar in the body.
4.1 Clinical and Behavioural Significance
Microvascular complications (neuropathy, nephropathy and retinopathy) will be caused by chronic hyperglycaemia, and acute dysfunction of the nervous system may occur due to hypoglycaemia (Davies et al., 2018). So, monitoring glucose increases patient safety. Besides, structured monitoring enhances self-management behaviours. Farmer et al. (2012) indicate that patients who monitor their glucose levels maintain good glycaemic control and lifestyle interventions. This is the behavioural feedback loop (see figure 1). 


Figure 2: Steps for Feedback Loop (Source: Self-created)
4.2 Role of HbA1c and Long-Term Monitoring
Glycated haemoglobin (HbA1c) is also a long-term measure of the average blood sugar levels over the past 8–12 weeks, in addition to the daily monitoring (WHO, 2016). In clinical practice, HbA1c is commonly utilised to determine the progression and efficacy of the treatment of the disease. HbA1c thresholds help healthcare professionals to escalate treatment, whereas daily glucose monitoring helps in clinical decision-making by informing medication adjustments and lifestyle changes, which illustrates the process of routine data integration into clinical decision-making.
Nevertheless, HbA1c is useful, but it does not reflect short-term fluctuations. Although SMBG is immediate, it relies on patient interpretation, making the issue of structured education in clinical practice critical. Thus, a combination of HbA1c and SMBG or continuous glucose monitoring (CGM) will offer a better insight into glycaemic variability (Beck et al., 2017). When working in primary care, nurses are essential in the interpretation of glucose data, patient education, and intervention customisation, thus allowing the disjuncture between the physiological and real-world management.
However, the inexpert use of numerical data can cause anxiety or misinterpretation (Polonsky and Fisher, 2013). Also, socioeconomic factors may restrict access to monitoring devices, causing the issue of health disparities. HbA1c thresholds in clinical practice are used to increase treatment intensity, such as the introduction of pharmacological treatment, whereas SMBG trends are used to adjust the dosage and lifestyle change (Qaseem et al., 2018).
5. Lifestyle Modifications in the Management of T2D
5.1 Diet and Nutritional Management
Diet is considered a significant element in controlling glucose. As per Ley et al. (2014), high consumption of saturated fat and carbohydrate is associated with resistance to insulin, while a balanced diet consisting of high fibre, lean protein and whole grain triggers glucose control.
As mentioned above, Lean et al. (2018) identified that low glycaemic index (GI) foods have minimal glucose absorption that overcomes postprandial spikes. In addition to that, low-calorie diets and weight loss are claimed to improve insulin sensitivity as well as, in certain cases, T2DM remission. Above all, the diet interventions are to be personalised. Effectiveness is influenced by culture, socioeconomic background and adherence to treatment. Thus, a blanket strategy is ineffective.
5.2 Physical Activity
The benefits of exercise on glucose uptake do not require insulin, as it increases the translocation of the GLUT4 in the skeletal muscle (Colberg et al., 2016). Exercise enhances insulin sensitivity, decreases body weight and increases heart fitness. The World Health Organisation (WHO, 2020) suggests that adults should do 150 minutes of moderate exercise per week. Aerobic and resistance training would be helpful in this situation, but in terms of glycaemic control, combined training is the most effective (Umpierre et al., 2011). Nevertheless, one should take into account a lack of motivation, time, and other illnesses. Prescription of exercise should be at an individual level by the doctors.
5.3 Smoking and Alcohol Consumption
Smoking is also a serious risk factor for T2DM and its complications. Nicotine also affects insulin sensitivity and increases inflammation to aggravate metabolic dysfunction (Lan et al., 2020). Smoking cessation is therefore significant in the management of diabetes. Likewise, alcoholism may disrupt glucose metabolism and predispose people to the risk of hypoglycaemia, especially when taking insulin or some drugs (Knott et al., 2015). It is recommended to moderate or avoid. The relations between behavioural and physiological factors, as revealed in Table 2, are interconnected, and this explains the holistic management approaches.
Table 2: Impact of Lifestyle Factors on T2D
	Lifestyle Factor
	Mechanism of Impact
	Clinical Outcome

	Poor diet
	Increased glucose load, insulin resistance
	Hyperglycaemia

	Physical inactivity
	Lessened glucose intake
	Worsened insulin resistance

	Obesity
	Chronic inflammation, insulin signalling impaired
	β-cell dysfunction

	Smoking
	Excessive inflammation, decreased insulin sensitivity
	Complications increased

	Alcohol (excess)
	Glucose regulation impaired
	Glycaemic instability



6. Evidence-Based Recommendations
Nurses in a general practice (GP) environment are important for the interpretation of blood glucose readings for dietary education, treatment algorithms and self-management (Brackney, 2018). First, patient education should be organised. Patients need to be provided with clear and evidence-based information on glucose control, the ability to identify the signs of hypo- and hyperglycaemia and the impact of lifestyle behaviours on glycaemic regulation. Interventions, including DESMOND, that can be found in programmes which are consistent with NICE (2015) guidelines, have been reported to enhance adherence and long-term HbA1c levels.
Secondly, the routine blood glucose monitoring should be incorporated into everyday activities. Weinstock et al. (2020) state that SMBG allows patients to recognise patterns associated with food, exercise, and medications. This can be used to guide medication titrations, provide behavioural advice, and HbA1c for long-term treatment.
Thirdly, the dietary change should be directed at reducing the intake of high glycaemic index foods and improving diet diversity with fibre-rich foods. These recommendations include portion and carbohydrate control, and the reduction of ultra-processed foods. According to Ryan and Yockey (2017), even modest weight loss (5-10%) can have an impact on insulin sensitivity and blood glucose levels.
Moreover, patients must be motivated to exercise a minimum of 150 minutes weekly in moderate exercise, including brisk walking. Besides, physical activity increases the uptake of insulin and glucose independently. Therefore, it is very beneficial in resisting insulin.
7. Conclusion
T2DM is a complicated metabolic disorder that is determined by physiological dysfunction and lifestyle. The case study brings out the role of physiological dysfunction as well as lifestyle factors that can be managed to contribute to Type 2 Diabetes Mellitus. The impaired regulation of insulin and glucagon justifies the poor regulation of glucose in the patient, whereas the decreased production of cellular metabolism also helps to decrease the production of energy. Notably, frequent blood glucose monitoring allows safer self-care through feedback that can be acted upon. Lifestyle interventions with evidence-based approaches such as dietary change, physical exercise, and smoking cessation are critical in enhancing the status of the patient. Thus, to manage long-term management, it is essential to combine physiological knowledge and behavioural modification.
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