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1. Introduction
Diabetes Mellitus is part of the global public health issue and it is described as a condition where hyperglycemia occurs either because of the issue with the production of insulin or due to the problem of its functionality (American Diabetes Association, 2023). When it comes to primary healthcare, a nurse practitioner normally works with patients who have difficulties understanding the quite complicated pathophysiology of the disorder. It is known that knowledge about the disease process helps patients participate in treatment (World Health Organization, 2022).
Etiology-wise, the two main types of diabetes are Type 1 Diabetes Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM). The type 1 diabetes mellitus is described as autoimmune disease with selective destruction of pancreatic beta cells resulting in an absolute deficiency of insulin. Nevertheless, T2DM makes up 90-95% of all diabetic patients and results in insulin resistance of peripheral tissues (skeletal muscles, liver, and adipose tissue) and insulin deficiency in the beta cells of the pancreas (Galicia-Garcia et al., 2020). Diabetic patients with T2DM are usually confused about the reason for their high blood glucose levels because at first, they make enough insulin.
The pathogenesis of T2DM involves the effect of multiple factors that include the interplay between genetic and non-genetic risk factors that result in the development of the disease. Unmodifiable risk factors consist of advanced age (those who are over 45 years old), a history of metabolic diseases in the family, and some specific ethnicities (South Asians, Afro-Caribbeans). Modifiable risk factors are significant from the point of view of T2DM treatment. The central adiposity and obesity (the BMI of 30 kg/m² and higher) are very important as free fatty acids lead to low-grade inflammation and insulin resistance at the cellular level (Galicia-Garcia et al., 2020). The other modifiable risk factors are physical inactivity, poor diet (sugar and saturated fat consumption), stress, and smoking.
2. Physiology of Blood Glucose Homeostasis
To achieve maximum functioning of the body and keep life going, the concentration of glucose in the blood needs to be kept constant within a certain physiological range (4.0-7.8 mmol/L). The brain cells use glucose as their source of energy since they cannot store any type of energy. This is achieved by using negative feedback hormonal system that relies heavily on endocrine pancreas.
2.1 The Endocrine Pancreas and Hormonal Regulation
The pancreas has unique glands referred to as Islets of Langerhans. The Islets of Langerhans have unique cells that are involved in the secretion of hormones. The unique cells include the alpha and beta cells. The beta cells are responsible for insulin secretion, where the insulin is an anabolic hormone secreted during high blood glucose levels, such as after eating carbohydrates. The alpha cells release a hormone known as glucagon, which is a catabolic hormone secreted during hypoglycemia and high metabolic needs (Roder et al., 2016).
2.2 Hyperglycemia and Insulin Action
In case of increased glucose concentration in the blood after eating, the uptake of glucose by the beta cells of the pancreas is achieved through glucose transporters (GLUT1 and GLUT2). The increased metabolism of glucose leads to increased ATP production and hence an increase in ATP/ADP ratio. This will result in the closing of ATP-sensitive potassium channels and hence depolarization of the cell membrane. The opening of the calcium channels results in the release of insulin granules in the portal vein (Roder et al., 2016). The insulin in the blood acts on the tyrosine kinase receptors of the target cells.
In contrast, insulin affects the liver hepatocytes stimulating their glycolysis (creation of glycogen from glucose), lipogenesis, and inhibiting their glycogenolysis and gluconeogenesis which leads to glucose liberation into the bloodstream. Absorption of glucose by target cells and inhibition of glucose secretion by hepatocytes result in reduced levels of glucose in the bloodstream. Therefore, lower stimulation of the beta cells occurs, and insulin production is stopped because of the negative feedback system (Roder et al., 2016; Galicia-Garcia et al., 2020).
2.3 Hypoglycemia and Glucagon Action
In case of fasting, between meals, and during exercise, there is going to be a decrease in the level of glucose in the plasma. This is due to low absorption of glucose by the pancreatic alpha cells that lead to the secretion of glucagon. As a result of the effect on glucagon receptors on the hepatocytes using G protein coupled receptors mechanism, the process of activation of adenylate cyclase is achieved. This causes an increase in the formation of cAMP. This activates the pathway of glycogen phosphorylase which breaks down the glycogen (Roder et al., 2016). This hormone activates the gluconeogenic pathway whereby lactate, glycerol, and amino acids are converted to glucose.
3. Cellular Metabolism and Energy Production
To understand the significance of glycemic control in body functions, it is necessary to understand the process of how cells obtain energy from glucose and oxygen. Adenosine Triphosphate (ATP) is the energy source responsible for all body functions such as muscle contraction, active transport across the cell membrane, macromolecule synthesis, and cell maintenance (Nelson and Cox, 2021). The process of the formation of ATP from glucose is the use of glucose and oxygen in the body.
There are four interconnected processes involved in the formation of ATP from glucose through aerobic cellular respiration. These processes are Glycolysis, Transition Reaction (Pyruvate Oxidation), Citric Acid Cycle (Krebs Cycle), and Electron Transport Chain (ETC) with Oxidative Phosphorylation (Nelson and Cox, 2021).
3.1 Glycolysis
Glycolysis occurs in the cytoplasmic region of the cell, and it does not always require oxygen. A 6-carbon glucose is converted into two 3-carbon pyruvates through 10 enzymatic reactions. The product of this process involves the production of 2 ATP and 2 NADH (Nelson and Cox, 2021). Patients with diabetes have low glycolysis in the cells due to poor glucose absorption in the cells.
3.2 The Transition Reaction and Krebs Cycle
If there is enough oxygen inside the cell, then pyruvate enters into the matrix of mitochondrion. Pyruvate is converted to Acetyl-CoA by an enzyme called pyruvate dehydrogenase where carbon dioxide is produced as the metabolic waste, apart from the production of NADH. Citric acid is produced when Acetyl-CoA combines with oxaloacetate, hence the beginning of the Krebs cycle. One ATP/GTP, three NADH and FAD (Nelson and Cox, 2021) are produced per one Acetyl-CoA.
3.3 Electron Transport Chain and Oxidative Phosphorylation
The last and most efficient step occurs in the inner mitochondrial membrane. The electron carriers pass the high-energy electrons to the protein complexes in the membrane. In the process of passing the electrons along the chain, the energy is utilized for the transport of the protons into the intermembrane space, creating the electrochemical gradient. The acceptor of electrons is oxygen. It combines protons and electrons to produce water molecules (Nelson and Cox, 2021). The protons are transported back to the matrix by the help of ATP Synthase which is responsible for the production of ATP from ADP. Aerobic respiration of one glucose molecule yields about 30 to 32 ATP molecules.
4. Blood Glucose Recording, Tracking, and Disease Management
Regarding the management of the disease, such as Type 2 Diabetes, in a patient, the monitoring of blood glucose levels is important. This is due to the reason that the glucose level in the bloodstream fluctuates daily depending on various influences such as diet, exercise, medication, stress, and infections. If this is not done, then there will be no way to tell if the glucose level in the bloodstream of the patient falls within the normal levels which is 4.0-7.0 mmol/L for fasting blood sugar and less than 8.5 mmol/L postprandially for T2DM patients (National Institute for Health and Care Excellence, 2022).
4.1 Prevention of Acute Metabolic Complications
Monitoring the level of blood glucose offers real-time data that can be used to avoid emergency situations like hypoglycemia and hyperglycemia. Hypoglycemia (blood sugar less than 4.0 mmol/L) results in problems like cognitive dysfunction, disorientation, tremor, fainting, and seizures. Hyperglycemia causes ongoing damage to the endothelium, resulting in complications like retinopathy, nephropathy, neuropathy, myocardial infarction, stroke, and many others when the blood glucose is higher than 11.1 mmol/L for some time (Stratton et al., 2000; National Institute for Health and Care Excellence, 2022).
4.2 Clinical Assessment via HbA1c and Self-Monitoring Modalities
Within the scope of general practice, there are two main ways to check the condition, which are: self-monitoring of blood glucose (SMBG)/continuous glucose monitoring (CGM) and tests for hemoglobin levels. Self-monitoring of blood glucose by capillary blood glucometers enables one to get the immediate results of how certain food affects a patient's condition and how exercises affect him/her. However, at the same time, continuous testing devices enable one to monitor glucose constantly and see quick changes.
To complement daily checks, the test determines the quantity of hemoglobin proteins glycosylated with sugar within the last 2-3 months (the life span of an erythrocyte). The target level should be less than 48 mmol/mol (6.5%). Therefore, one will be able to prevent possible complications in his/her arteries and vascular system (National Institute for Health and Care Excellence, 2022). Keeping a proper glucose record book at home will enable one to talk about his condition with a practitioner.
5. Evidence-Based Lifestyle Recommendations
Though it is true that medication is essential in the treatment of diabetes, it is lifestyle modification that forms the basis of non-medication treatment in order to obtain effective glycemic control, insulin sensitivity, and weight reduction in type 2 diabetes patients (Davies et al., 2022).
5.1 Dietary Modifications
During nutritional counseling, it is important for an individual to adopt healthy eating habits with foods like whole grains, vegetables, beans, and lean protein foods while reducing the consumption of refined sugars and refined food products. Eating food products that have low GI helps in gradual uptake of glucose into the bloodstream, thus avoiding an increase in the blood glucose level and decreasing the need for insulin in beta cells (Jenkins et al., 2021). This helps with weight loss (5% - 10% of body weight) and reduction in liver fat, as well as improving insulin sensitivity in the body (Davies et al., 2022).
5.2 Physical Activity and Exercise
Physical exercises have multiple physiological effects on glucose metabolism. Glucose transport via GLUT4 is achieved by AMPK pathway, which is the metabolic pathway that does not involve the action of insulin. Active muscles can take up glucose from the bloodstream without the need for insulin (Sylow et al., 2017).
According to NICE, at least 150 minutes a week of moderate-intensity aerobic exercises should be done by patients with type 2 diabetes (fast walking, cycling, swimming, etc.), plus 2 days a week of resistance exercises (National Institute for Health and Care Excellence, 2022). Physical exercises help to maintain cardiovascular fitness, reduce high blood pressure, maintain lipoprotein profile and insulin sensitivity for up to 48 hours.
5.3 Smoking Cessation
Tobacco smoking is a risk factor not only for microangiopathy but also for macroangiopathy regardless of diabetes. Nicotine causes inflammation in the body, endothelial dysfunction, oxidative stress, and fat accumulation in the abdominal area; these make the situation worse as far as insulin resistance is concerned (Galicia-Garcia et al., 2020; Davies et al., 2022). The practice nurses should get involved to encourage their patients to quit smoking by NRT or similar means.
6. Conclusion
In summary, Type 2 Diabetes Mellitus is a complicated disease, which is associated with insulin resistance and malfunctioning of beta cells in pancreas. It is crucial to comprehend the physiological principles of regulation of blood glucose level using insulin and glucagon hormones and production of energy in cells by means of aerobic respiration for a person to have some basis for self-management of his or her illness. Glucose monitoring and $HbA1c$ measurement is critical feedback from a clinical perspective to prevent metabolic and vascular complications. Patients with T2DM can achieve their therapeutic goals by changing their lifestyle.
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