


AN INTEGRATED PHYSIOLOGICAL AND EVIDENCE-BASED APPROACH TO THE MANAGEMENT OF TYPE 2 DIABETES MELLITUS IN PRIMARY CARE PRACTICE
BY: PASCALINE NONO AMAGNA
STUDENT ID: 2424794
MODULE NAME:  INTRODUCTION TO PHYSIOLOGY
MODULE CODE: BMHP5023
ASSIGNMENT TITLE: COMPONENT 1 (CASE STUDY REPORT)
[bookmark: _GoBack]UNIVERSITY OF WALES
SUBMISSION DATE:  22ND FEBRUARY 2026



Table of Contents
1.0 Introduction	3
2.0 Management of Blood Sugar Level to a safe level.	3
3.0 The Process of Cell Metabolism to produce energy using Oxygen and Glucose	4
4.0 Monitoring and documenting Blood sugar levels	5
5.0 High Quality Lifestyle Advice.	6
5.1 Dietary Modification	6
5.2 Physical Activity	6
5.3 Smoking Cessation	6
5.4 Weight Management	6
6.0 Conclusion	7
7.0 List of references	9





[bookmark: _Toc222619793]1.0 Introduction
Diabetes mellitus is a non-metabolic disorder, which cannot be reversed and is characterised by sustained hyperglycaemia (high level of sugar in the blood), sustained by a deficiency or malfunctioning of insulin secretion or both secretions. The incidence of diabetes has been increasing as it began to rise at the rate of 200 million in 1990, 830 million, particularly type 2 diabetes mellitus (T2DM), in 2022, and many individuals have been diagnosed with diabetes in the 24 years since 1990 (WHO, 2024). There are three forms of diabetes, of which Type 1 (T1DM) is one, in which insulin-producing beta cells of the Langerhans pancreatic islet are attacked by cytotoxic T-lymphocytes, leaving someone without insulin forever (NICE,2023). Second, Type 2 (T2DM) is associated with an elevation in peripheral insulin resistance and relative insulin deficiency as the functionality of the beta cells is affected with ageing. Lastly, there is a risk of T2DM in a lifetime due to gestational diabetes, which is a temporary disease developed during pregnancy (NICE, 2022). The distinction between the two types is clinically relevant to learn to adopt multiple patient education and caring measures.
T2DM aetiology is multifactorial. Age more than 45 years, family history, and ethnicity are some of the non-modifiable risk factors. Two to four times more genetic risks are also common to South Asian and Afro-Caribbean populations than to White European populations (Diabetes UK, 2023). Imperatively, nevertheless, changeable elements, which encompass obesity, physical inactivity, unbalanced diet high in refined carbohydrates, smoking, and excess alcohol are also subjected to critical scrutiny, in a manner such that in the majority of patients, meaningful changes in glycaemic control, and in some patients, clinical remission, with the assistance of lasting lifestyle change, can be sought (WHO, 2024; NICE, 2022). The report was prepared against the background of working as a nurse at a GP surgery that involves the physiology of blood glucose regulation, cellular energy metabolism, the importance of glucose monitoring and evidence-based lifestyle interventions that are not harmful to guarantee improved outcomes of T2DM patients.
2.0 Management of Blood Sugar Level to a safe level
The hormonal negative feedback loop, where an individual regulation of 3.9-5.5 mmol/L of blood glucose appears as the physiological range of 3.9-5.5 mmol/L, regulates the pancreas (Clifton, 2011). This elevates the glucose following a meal, and the pancreatic beta cells eject the insulin into the portal circulation. To induce the glucose transporter type 4 (GLUT4) proteins in target cells, which is a significant jump in cellular glucose uptake, insulin deploys the tyrosine kinase receptors on the target cells, typically skeletal muscle, fatty tissue and the liver. In the liver, insulin promotes the process of glucogenesis (forming glucose into glycogen) and inhibits fat production (forming glucose into the blood) and conducts all the glucose into the blood at homeostasis (Alsubaie, 2019).
Under conditions of low glycemic levels, when fasting or exercising occurs, glucagon is liberated by the pancreatic alpha cells, which causes the breakdown of glycogen in the liver (glycogenolysis) as well as the rise of gluconeogenesis and the consequent generation of glucose into the bloodstream. In T2DM, this system is also out of order. Excess lipid production caused by overnutrition and inactivity causes toxic intermediates such as ceramide and diacylglycerol, reducing insulin receptor signalling, leading to insulin resistance. Hypersecretion of beta cells initially helps to sustain the initial compensation; however, this kind of cell is too exhausted over time, leading to insufficient secretion of insulin and chronic hyperglycaemia (Kahn et al., 2014). Ongoing elevations of hyperglycaemia contribute to non-enzymatic protein glycations and oxidative stress, which lead to the conventional microvascular risks of T2DM: that is, nephropathy, peripheral neuropathy and retinopathy (NICE, 2022). The information about the essential clinical blood glucose targets is presented in Table 1:
	Measurement
	Non-Diabetic Range (mmol/L)
	T2DM Target (mmol/L)

	Fasting Blood Glucose
	3.9 – 5.5
	4.0 – 7.0

	2 Hours Post-Meal
	< 7.8
	< 8.5

	HbA1c
	< 42 mmol/mol (6.0%)
	≤ 53 mmol/mol (7.0%)


Table 1: Blood Glucose Reference Values for Clinical Monitoring (Adapted from NICE, 2022; Diabetes UK, 2023)
3.0 Cell Metabolism Process in manufacturing energy with the help of Oxygen and Glucose.
Glucose and oxygen are the primary substrates of aerobic cellular respiration, or an assortment of producing the universal currency of energy required by all cells, adenosine triphosphate (ATP) (Alsubaie, 2019). This happens in four consequential stages. In the first step, a glucose molecule is split to make two pyruvate molecules (C6H12O6) by a metabolic process, glycolysis, which does not need the presence of oxygen to break a glucose molecule and, therefore, results in two molecules of pyruvate and two molecules of NADH. Secondly, the reaction of the linking is carried out in the mitochondrial matrix; each time a molecule of pyruvate is transformed into acetyl coenzyme A (acetyl-CoA), one molecule of carbon dioxide is produced. Third, acetyl-CoA enters the Krebs cycle, comprising eight enzyme-mediated reactions to produce three NADH, one FADH2 and one GTP per cycle turn to produce two more CO2 as a metabolite waste. Finally, NADH and FADH2 are high-energy electrons that can be used at the inner membrane of mitochondria by oxidative phosphorylation: release of these electron forms results in most of the cellular ATP, and this increases the amount of water produced by oxygen, the final electron donor. Overall, oxidation of a single glucose molecule by aerobes offers an approximation of 30-32 molecules of ATP. The direct clinical implication of T2DM is that limiting access to insulin-recognised trafficking of GLUT4 implies a reduced access to glucose in cells, forcing them to switch to fatty acid metabolism, leading to overproduction of acetyl-CoA, and contributing to dyslipidaemia. Also, excess glucose in the intracellular space is passed on to the polyol pathway, leading to sorbitol, which is trapped in the cells, thus causing osmotic stress and damaging the nerves and vessels (Kahn et al., 2014). Such mechanisms depict the reason he/she should engage to restore glycaemic control not just to normalise numbers, but also to guard cellular metabolism.
[bookmark: _Toc222619796]4.0 Monitoring and documenting Blood sugar levels
The foundations of safe self-management of T2DM include self-monitoring of blood glucose (SMBG) and the measurement of HbA1c that converts the intricate physiology into patient data that could be acted upon (NICE, 2022). SMBG is a method of measuring capillary blood glucose at planned occasions at regular intervals; fasting, pre and two hours after meal. This will enable the patients to see firsthand how particular foods, activities, sickness, and drugs influence the blood glucose levels in real-time and make informed changes to diet and behaviour. In the Cochrane systematic review, Malanda et al. (2012) established a significant clinical effect of 0.25% in non-insulin-treated T2DM; structured SMBG and education, as opposed to its use in isolation.
The index of the average blood sugar during the past 812 weeks is HbA1C (glycated haemoglobin). Being an irreversible process that takes place in the erythrocytes in circulation, when haemoglobin has a lifespan of about 120 days, the percentage of glycated haemoglobin in the blood has a direct relation with the average level of glycaemia in the same time frame (Alsubaie, 2019). The NICE (2022) recommends HbA1c of 48 mmol/mol (6.5Per cent) in individuals who have undergone lifestyle management only, and 53 mmol/mol (7.0mmol/mol) with pharmacotherapy; for each 1 mmol/mol lower of the HbA1c, the risk of microvascular complication is reduced by what the organisation deems as 37 per cent. The continuous glucose monitors (CGM) systems (e.g. FreeStyle Libre) offer not only trend data but also real-time monitoring readings of the interstitial glucose, which are available and were suggested by NICE (2023) as the sources of information that could make a meaningful contribution to the utilisation of glucose self-management by a patient in their daily activity.
5.0 High Quality Lifestyle Advice
5.1 Dietary Modification
To reduce post-prandial glucose spikes (as well as to reduce insulin needs of insufficient functioning beta-cell), diabetes UK (2023) suggests a low GI (glycaemic index) level of dietary pattern, which depends on legumes, whole grains, vegetables, and a Mediterranean diet (Willett et al., 2002). Randomised trials have also indicated that the eating patterns of the Mediterranean diet prove beneficial, with significant changes in HbA1c, cardiovascular risk variables in T2DM (Diabetes UK, 2023). DiRECT was the pioneer trial to indicate that a structured low-calorie dietary intervention (825-853 kcal/day) can be achieved to remit T2DM in 46% of participants at 12 months, which rose to 74% of participants who received [?]15 kg weight loss, and thus found that T2DM remission can be implemented in primary care through dietary intervention. The need to refer to a registered dietitian to plan a diet individually, therefore, is an indispensable aspect of the care plan.
[bookmark: _Toc222619799]5.2 Physical Activity
WHO (2020) and NICE (2022) suggest moderate aerobic activity as one of the minimum exercises per week (150 minutes) in addition to resistance training that should be performed at least two days a week. AMPK-stimulated GLUT4 translocation in skeletal muscle by exercise facilitates insulin-independent uptake of glucose that directly opposes T2DM-induced insulin signalling impairment. A meta-analysis of 47 randomised controlled trials carried out by Umpierre et al. (2011) showed that structured exercise also resulted in a mean HbA1c improvement of 0.67 per cent, which is similar to that of a number of pharmacological agents. The patients using insulin or sulphonylureas are advised to measure blood glucose before and after a certain activity to avoid the development of hypoglycaemia.
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Nicotine triggers the sympathetic nervous system, increases the levels of catecholamines and cortisol that raise blood glucose, boosts lipolysis and exacerbates systemic inflammation that is already caused by T2DM, and smoking-induced systemic inflammation increases the cardiovascular risk that is already high due to T2DM (NICE, 2021a). All clinical contacts are to advise all smoking patients to quit smoking and referral to NHS Stop Smoking Services and pharmacotherapy based on nicotine replacement therapy (NRT), varenicline, or bupropion should be introduced (NICE, 2021a). In addition, research has shown that insulin sensitivity, HbA1C and lipid profiles undergo substantial changes in just a few weeks of cessation, and this explains why smoking cessation is one of the biggest effects and least costly interventions in primary care with T2DM patients.
[bookmark: _Toc222619801]5.4 Weight Management
Pro-inflammatory adipokines, such as TNF-α and IL-6 secreted by visceral adipose tissue, have a direct negative effect on the insulin receptor signalling associated with peripheral tissues, and promote hepatic glucose production (Kahn et al., 2014). Individuals who lost weight by 5-10% showed clinically relevant HbA1c improvement; the DiRECT trial (Lean et al., 2018) showed T2DM remission in 74 per cent of people who lost [?]15 kg of weight. Table 2 presents a summarized information on lifestyle suggestions and their physiological explanations:
	Factor
	Recommendation
	Physiological Rationale

	Diet
	Low-GI foods; reduce refined carbohydrates; increase dietary fibre; Mediterranean-style pattern.
	Slower glucose absorption reduces post-prandial peaks and insulin demand on failing beta cells (Willett et al., 2002).

	Physical Activity
	≥150 min/week moderate aerobic exercise; resistance training ≥2 days/week.
	Exercise stimulates AMPK-mediated GLUT4 translocation, enabling insulin-independent glucose uptake in skeletal muscle (Umpierre et al., 2011).

	Smoking Cessation
	Complete cessation; NHS Stop Smoking Services referral; NRT or varenicline as appropriate.
	Nicotine raises catecholamines and cortisol, elevating blood glucose and worsening insulin resistance (NICE, 2021a).

	Weight Management
	Target 5–10% body weight reduction; structured programme; bariatric surgery if BMI ≥35 kg/m².
	Reduced visceral adiposity lowers adipokine-driven inflammation and restores peripheral insulin sensitivity (Lean et al., 2018).


Table 2: Evidence-Based Lifestyle Recommendations (Adapted from Umpierre et al., 2011; Lean et al., 2018; Willett et al., 2002; NICE, 2021a; NICE, 2022)
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DM type 2 is a hereditary anomaly in the remote control of pancreatic hormone control of blood glucose through insulin resistance and progressive degeneration of the beta cell, which derails the aerobic metabolism of cellular energy with catastrophic collateral effects involving the vascular system and nervous system, which is fatal. As this report has demonstrated, knowledge on these physiological processes is the bridge to successful engagement of the patient: when patients understand that hyperglycaemia predisposes them to cellular damage, that diet, physical exercise, and smoking directly determine the ability to alter the insulin-GLUT4 signalling pathway, they will be active and informed participants of their treatment, as opposed to the passive learners of the information. The empowerment of patient safety during the management of their condition, the prevention of complications and maintenance of their long-term quality of life is primarily the target of fermenting physiologically informed patient education in collaboration with dietitians, pharmacists, and professional diabetes nurses as a practise nurse.
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