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[bookmark: _Toc220721648]a. Introduction: Understanding Diabetes Mellitus and Risk Factors
Diabetes Mellitus (DM) is a long-term compound metabolic condition that leads to unremitting hyperglycemia caused by a fundamental loss of glucose homeostasis. The cause of such breakdown is usually the problem with either of the two or the combination of both insulin secretion and insulin action (Care, 2023). In the local GP surgery primary care environment, the rapidly increasing incidence of Type 2 Diabetes Mellitus (T2DM) has become a primary health issue of concern to the population. In the world, T2DM contributes to the world burden of all diabetes cases (about 90%), with obesogenic environment and sedentary living becoming leading causes of this condition (World Health Organisation, 2022).
The T2DM process is a gradual process that is characterised by an intricate combination of genetic predisposition and environmental factors. The various risk factors are usually divided into non-modifiable and modifiable. The factors that cannot be changed are age (over 45), family genetics, and certain ethnic origin, people of South Asian origin, African-Caribbean origin, and Black African origin are at a statistically higher risk with a lower Body Mass Index (BMI) than Caucasian populations (Diabetes UK, 2023).
Yet, modifiable risk factors are the main cause of the existing epidemic. The strongest predictor of T2DM is obesity, in this case, central or visceral adiposity. Fat tissue acts as an active endocrine organ and releases pro-inflammatory cytokines like Tumor Necrosis Factor-alpha (TNF- 0 ) and Interleukin- 6 (IL- 6 ). These chemicals plus high non-esterified fatty acids (NEFAs) disrupt the insulin signaling pathway, that is, phosphorylation of insulin receptor substrates (IRS-1). This interference on the part of the molecules results in insulin resistance when the liver, muscle, and adipose tissue cells cannot respond to normal insulin concentrations (International Diabetes Federation, 2021). This is aggravated by physical inactivity that decreases the amount of glucose transporter proteins (GLUT4) in skeletal muscle. Moreover, unhealthy dietary patterns that include excessive eating of ultra-processed food and consumption of beverages that contain sugar also promote chronic caloric excess and metabolic strain (Hwalla et al., 2021). To the patient, it is essential to acknowledge that a significant number of these factors are under the control of the patient and thus efficacious disease control.
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Figure 1: Risk Factors
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In order to appreciate the importance of blood sugar management, the patients need to learn the basic biological factor of cell metabolism. All chemical reactions that keep us alive are called metabolism and are aimed at producing Adenosine Triphosphate (ATP) which is the energy needed to perform work of the cell, such as muscle contraction, active transport (Berg, Tymoczko and Stryer, 2015).
The process of energy production starts with the consumption of carbohydrates which are enzymatically converted into glucose the favorite source of fuel in the body. After glucose has been taken in the blood, it should be carried across the cell wall. This entry is accomplished by insulin in a healthy state. The initial phase of metabolism takes place in the cytoplasm of the cell: Glycolysis. It is an anaerobic mechanism (is independent of the availability of oxygen) under which a 6-carbon glucose molecule is broken into two 3-carbon molecules of pyruvate. The stage is comparatively inefficient with a net gain of two ATP molecules and two NADH molecules (Tortora and Derrickson, 2018).
To help the cell reach the optimal energy output, then it should move to the mitochondria undergo Aerobic Respiration. With the oxygen, pyruvate is carried into the mitochondrial matrix and transformed to Acetyl-CoA with the help of oxygen. This molecule is processed in the Citric Acid Cycle (also referred to as Krebs Cycle). It is a process of redox reactions that take away electrons of high energy in the carbon chains. These electrons are loaded on carrier molecules, NAD+ and FAD that leaves them into NADH and FADH2.
The most important step then comes the Electron Transport Chain (ETC) that is found on the inner mitochondrial membrane. The electrons of NADH and FADH 2 are deposited, which in turn fall through a cascade of protein complexes. The energy emitted by these falling electrons is utilised to pump protons across the membrane to give an electrochemical gradient. The terminal electron acceptor or the sink at the end of this chain is oxygen. When oxygen takes these electrons and mixes with protons it is changed into water (H 2 O ). 
This is called oxidative phosphorylation and it enables the enzyme ATP synthase to produce around 30 to 32 ATP molecules with every glucose molecule (Hall and Hall, 2020). The stalling of the ETC occurs in the absence of a sufficient amount of oxygen, and the cell has to depend on fermentation, which causes the accumulation of lactic acid. Due to the inability of glucose to enter the cell in diabetic patients due to the insulin resistance, the cell does not have the main substrate in this total process and, therefore, causes fatigue and the destructive breakdown of other sources of energy, such as fats (lipolysis), resulting in ketoacidosis (Skull, 2022).
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Figure 2: Cell Metabolism
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The human body is a magnificent balance of a fine machine that keeps blood glucose in a very narrow range so that it can avoid the toxic impact of hyperglycemia and neurological symptoms of acute hypoglycemia which is toxic and fatal. The homeostasis is regulated by a complex bi-hormonal feedback mechanism in which the liver and pancreas are involved (Sherwood et al., 2004).
Blood glucose increases when we take a meal. This rise is sensed by the beta cells in the Islets of Langerhans in the pancreas that in turn withstands by releasing insulin. Insulin is a systemic anabolic hormone. It enters the blood and attaches itself to the insulin receptors on the target cell surface (essentially the skeletal muscle and adipose tissue). This binding interacts with a signaling cascade leading to fission of GLUT4 vesicles with the cell membrane to form doors by which glucose can enter. The insulin in the liver favors glycogenesis (the formation of glycogen to be stored) and discourages gluconeogenesis (the formation of new glucose) (Osafo, 2022)
On the other hand, when one is fasting or carrying out strenuous activities, the blood glucose concentrations reduce. This activates the glucagon secretion of the alpha cells of the pancreas. Glucagon is a catabolic hormone which commands the liver to carry out glycogenolysis (feeding off of stored glycogen to form glucose) and gluconeogenesis. This is to make sure that the brain, which almost completely relies on glucose, will be supplied continuously (Hall and Hall, 2020).
In the case of a non-diabetic person, a normal safe level of fasting blood glucose is in the range of 4.0 to 5.9 mmol/L. After a meal, the body can then be expected to restore the level of glucose to less than 7.8 mmol/L in two hours. In the patients with the diagnosis of T2DM, the targets are adjusted to the safety of the patient and the cardiovascular protection. NICE (2022) suggests that the target is normally 4-7 mmol/L before meals and not above 8.5 mmol/L after meals. The inability to maintain these levels will lead to long-term hyperglycemia that will predispose glucose to non-enzymatic binding with proteins (glycation). This results in Advanced Glycation End-products (AGEs), which causes inflammatory reactions by stiffening blood vessels, resulting in retinopathy, kidney failure (nephropathy), nerve damage (neuropathy) etc.

[bookmark: _Toc220721651]d. The Importance of Recording and Tracking Blood Sugar Levels
The patient has become more of a manager in the modern management of diabetes instead of a passive recipient of the service. The main instrument of such empowerment is self-monitoring of blood glucose (SMBG). Although a clinician may use HbA1c (the average level of sugar in the blood after three months), it may hide dangerous daily variations (Klonoff et al., 2018).
The recording and monitoring of glucose levels give a number of essential benefits. To begin with, it provides instant biofeedback. A patient is able to view the immediate effect of a certain meal or a walk. To illustrate, when a patient measures a spike after the consumption of white bread but a steady measurement after the consumption of oats, he/she has better chances of persisting in the dietary change. Such individualised information is much more efficient than the blanket dietary recommendations. Secondly, it is necessary to monitor to detect the so-called Dawn Phenomenon when the level of such hormones as growth hormone and cortisol increases in the early morning, and the level of sugar in the blood rises as well. In the absence of a regular monitoring, a clinician may misinterpret a high morning reading as a result of a late-night, allowing him to make a wrong change in medication.
Moreover, this is due to the possibility of assessing Glycemic Variability through tracking. The recent clinical opinion indicates that Time in Range (TIR) as a ratio of the percentage of time patients spend within 3.9 to 10.0 mmol/L may serve as a stronger predictor of long-term complications than HbA1c on its own (Battelino et al., 2019). Large intermittent variability (a large number of highs and lows) exerts greater oxidative stress to endothelium of the vascular system than a small amount of variability that is continuously present. Through a detailed record (either a conventional diary or an electronic application), the patient offers the practice nurse a road map of their metabolism, which makes it possible to be more specific when interfering with a patient based on the available evidence during the consultation.
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Figure 3: Glycemic Variability
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T2DM is sometimes referred to as a three-legged stool where medication, diet, and exercise are the three aspects that are involved in its management. In the absence of the latter two, medication usually only has a temporary band-aid effect over an aggravating metabolic condition.

Nutritional Interventions:
The dietary management evidence has changed considerably. The groundbreaking DiRECT trial (Lean et al., 2019) had demonstrated that T2DM is not a life sentence. Having lost weight of more than 15kg using the structured low-calorie diet, 86 percent of the weight losers who had purposely lost weight were on T2DM remission. The Mediterranean diet, which is well-balanced in monounsaturated fats (olive oil), a variety of nuts, seeds, and legumes, has demonstrated to perform better in relation to patient HbA1c and cardiovascular outcomes in those who do not need complete remission (Evert et al., 2019). The patients need to be informed about the Glycemic Index (GI). Higher-GI foods (white rice, sweet cereals) lead to a rapid rise of glucose, whereas low-GI foods (lentils, non-starchy vegetables) maintain an insulin level, which is slow and constant, reducing the effort on the pancreas.

Physical Activity:
The most under exploited drug in the management of diabetes is perhaps exercise. The contraction of muscles during the process of physical activity triggers an insulin-independent glucose uptake pathway. This is regardless of whether a patient is very insulin resistant or not, exercise enables glucose to leave the blood and be taken into the muscle cells where they are used to release energy. According to the American College of Sports Medicine (Colberg et al., 2021), moderate to vigorous aerobic activity duration should be 150 minutes in a week divided into at least three days. Importantly, the resistance training (bodyweight exercises or weight lifting) is also essential. Gaining muscle bulk enhances overall metabolic plasticity by increasing the size of the storage tank of glucose.

Smoking, Vaping, and Comorbidities:
Smoking is disastrous as a habit to a diabetic patient. It triples the chances of the development of macrovascular disease (heart attacks and strokes) in comparison to non-smokers with diabetes. Nicotine has direct effects of inhibiting the effects of insulin and fueling central fat buildup. Although considered to be harmless, vaping, nevertheless, provides the aspect of nicotine and other aerosolised chemicals, which cause oxidative stress and arterial hardening (Caponnetto et al., 2023). Alcohol intake should also be advised to the patients and this may lead to slow-hypoglycemia by preventing the liver to produce glucose.

Stress and Sleep Hygiene:
Lastly, there should be a discussion of the invisible elements of stress and sleep. Chronic stress raises the Sympathetic Nervous System and the HPA axis which discharge adrenaline and cortisol. These are counter-regulatory hormones, which directly counter insulin and increase the levels of blood glucose to set the body in the position of fight or flight (Knowler et al., 2025). In the same way, inadequate sleep (less than 6 hours) makes one resistant to insulin and makes him or her to have a high level of ghrelin (hunger hormone) which causes excessive consumption of food and poor food choices.

[bookmark: _Toc220721653]f. Conclusion
To conclude, Type 2 Diabetes management in a GP surgery should be a holistic and patient centered initiative. We can explain to the patients the complexities of cell metabolism, which is that oxygen and glucose play in sync to generate energy, thus, giving the patients the why behind their treatment plan. Their readings of their glucose monitors are demystified by understanding blood sugar homeostasis and the importance of the pancreas on the process. The fact remains undisputed, T2DM is a condition that is both severe and progressive, and it is also very receptive to lifestyle changes. There is also an opportunity to stop or even reverse the disease progress observing its proper recording in the clinic, a nutrient-dense diet, regular physical activities, and the ability to abandon such harmful habits as smoking. It is our job to equip patients with this information as practice nurses and make them eventual perpetrators of their own long-term health and well-being, instead of being victims of the diagnosis.
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