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INTRODUCTION 
1 Background 
Diabetes mellitus is a progressive metabolic disease characterized by chronic hyperglycaemia due to defects in insulin secretion, insulin action, or both. In primary care, Type 2 Diabetes Mellitus (T2DM) account for the vast cases. In contrast to Type 1 diabetes which is associated with autoimmune-mediated destruction of pancreatic beta cells, T2DM pathology is characterized by peripheral insulin resistance and a relative deficiency of insulin secretion. 
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Figure 1: Type 2 Diabetes (Harmony Endocrine, n.d.). 
 Non-Modifiable Risk Factors 
Genetics and Family History: People who have a first-degree relative with T2DM are at increased risk, which is due to a strong polygenic effect that impacts beta-cell mass and intracellular insulin signalling. 
Age: Risk increases progressively from age 40 due to age-related declines in beta-cell function and shifts toward visceral adiposity. 
Ethnicity: Genetic susceptibility varies significantly. Individuals of South Asian, African-Caribbean, Black African, and Middle Eastern descent face an elevated risk at a younger age and at lower Body Mass Index (BMI) thresholds than white European populations (NICE, 2022). 
 
 Modifiable Risk Factors 
Obesity and Overweight: Visceral adiposity Are the largest modifiable determinant of T2DM. 
Physical Inactivity: Sedentary behaviour promotes weight gain and reduces insulin sensitivity within skeletal muscle tissue. 
Poor Nutritional Patterns: Diets high in ultra-processed foods, refined sugars, and saturated fats contribute heavily to chronic metabolic strain. 
Cigarette Smoking: Smoking increases oxidative stress, systemic inflammation, and endothelial damage, directly impairing insulin sensitivity and accelerating macrovascular complications. 
HOW BLOOD GLUCOSE IS REGULATED BY INSULIN AND GLUCAGON 
Maintaining blood glucose levels within a safe physiological range typically between 4.0 and 5.9 mmol/L when fasting is coordinated by the endocrine pancreas via the Islets of Langerhans using two primary counter-regulatory hormones: insulin and glucagon (Röder et al., 2016). 
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Figure 2: How Blood Glucose Is Regulated by Insulin and Glucagon (Labster, n.d.). 
 The Postprandial State: Role of Insulin 
After consumption of carbohydrates, glucose is released into the bloodstream increasing blood glucose levels. Pancreatic beta-cells detect this increase and release. 
insulin (Röder et al., 2016). Insulin is an anabolic signalling molecule that contributes to glucose clearance through two main pathways: 
Peripheral Glucose Uptake: Insulin interacts with tyrosine kinase receptors on skeletal muscle and fat cells that then activate an intracellular signalling cascade resulting in the translocation of glucose transporter proteins (GLUT4) to the plasma membrane. Glucose diffuses out of the blood and into cells. 
Hepatic Regulation: In the liver, insulin suppresses gluconeogenesis (synthesis of new glucose) and glycogenolysis (breakdown of stored glycogen). Simultaneously, it activates glycogen synthase, promoting glycogenesis the storage of excess glucose as glycogen (Röder et al., 2016). 
 The Fasting State: Role of Glucagon 
Under conditions of fasting and strenuous exercise, blood glucose concentration decreases. Since the brain depends on a continuous supply of glucose, pancreatic alpha-cells respond to this decrease by secreting glucagon (Röder et al., 2016). 
Glucagon is a catabolic hormone that acts on the liver to increase blood sugar by: 
Glycogenolysis: Stimulating the breakdown of intrahepatic glycogen back into glucose for immediate release into the blood. 
Gluconeogenesis: Stimulating the liver to synthesize fresh glucose from noncarbohydrate substrates, such as amino acids, glycerol, and lactate (Röder et al., 2016). 
 The Homeostatic Breakdown in Type 2 Diabetes 
In T2DM, this homeostatic mechanism fails. Peripheral tissues fail to respond to insulin due to post-receptor defects. Consequently, GLUT4 translocation is impaired, leaving glucose trapped in the extracellular space. Furthermore, the liver escapes insulin mediated suppression, continuing inappropriate gluconeogenesis and worsening hyperglycaemia. 
CELLULAR RESPIRATION: HOW OXYGEN AND GLUCOSE PRODUCE ENERGY 
Regulation of blood glucose and respiration is controlled at the level of the cell to power cellular respiration, the universal biochemical pathway by which cells metabolize glucose in the presence of oxygen to produce adenosine triphosphate (ATP). ATP provides the energy necessary for muscle contraction, active transport, and cell repair. The overall chemical reaction for aerobic cellular respiration is: 
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This metabolic process occurs across four sequential stages localized within the cytoplasm and mitochondria. 
 Glycolysis 
Glycolysis occurs in the cytoplasm and is an anaerobic process. A single 6-carbon glucose molecule undergoes ten enzymatic steps, requiring an initial investment of 2 ATP to phosphorylate the molecule. It is subsequently cleaved into two 3-carbon molecules of pyruvate. This energy-harvesting phase yields a net gain of 2 ATP and reduces two 𝑁𝐴𝐷 molecules to 2 NADH. 
 The Link Reaction 
In the presence of oxygen, both pyruvate molecules move across the double membrane of the mitochondria into the inner fluid matrix. Each pyruvate is subject to oxidative decarboxylation: a carbon atom are released as carbon dioxide (CO), the remaining acetyl group transfers electrons to 𝑁𝐴𝐷 to form NADH, and the group binds to Coenzyme A to produce Acetyl Coenzyme A (Acetyl CoA). 
 The Krebs Cycle 
Taking place within the mitochondrial matrix, the Krebs cycle is a series of cyclic redox reactions. Each Acetyl CoA molecule combines with oxaloacetate to form citrate, which is systematically oxidized. For every molecule of glucose (two turns of the cycle), the process releases 4 molecules of CO, synthesizes 2 ATP through substrate-level phosphorylation, and yields 6 NADH and 2 FADH, carriers. 
The Electron Transport Chain (ETC) and Oxidative Phosphorylation 
The final stage is localized along the inner mitochondrial membrane. The accumulated NADH and 𝐅𝐀𝐃𝐇, molecules donate high-energy electrons to embedded protein complexes. As electrons travel down this chain via redox reactions, they release energy used to pump hydrogen ions (𝐻) out of the matrix into the intermembrane space, building a steep electrochemical gradient. 
The Role of Oxygen: At the end of the chain, oxygen (𝑂) acts as the final electron acceptor. It binds with spent electrons and free hydrogen ions to form water (𝐻 𝑂). Without inhaled oxygen, the electron transport chain halts, and ATP synthesis ceases. 
ATP Synthesis: Protons flow back down their gradient through ATP synthase. This movement drives the mechanical rotation of the enzyme, phosphorylating ADP into ATP. This step yields 32 to 34 ATP molecules. 
 Clinical Relevance to the Diabetic Patient 
In T2DM, patients breathe in enough oxygen, but insulin resistance stops glucose from effectively entering cells. The cells end up being starved for fuel, which leads to a direct reduction in ATP production. This lack of cellular energy is why they feel so profoundly and chronically tired (and is a quite common symptom of uncontrolled diabetes). 
IMPORTANCE OF MONITORING BLOOD GLUCOSE AND HBA1C 
Biochemical monitoring of glycaemia through the following two complementary indices of glucose metabolism is required for safe and effective management of type 2 diabetic mellitus (T2DM): Self-Monitoring of Blood Glucose (SMBG) using capillary finger-pricks, and laboratory-based monitoring of Glycated Haemoglobin (HbA1c) (Sibal and Home, 2009).  
Table 1: Glycaemic Monitoring Tools in Primary Care 
	Monitoring 
Parameter 
	Method of 
Measurement 
	What It Reflects 
	Clinical Utility 
	Target Range 
(Standard) 

	Capillary 
Blood Glucose 
(SMBG) 
	Finger-prick capillary sample onto a test strip via a personal glucometer. 
	Instantaneous, real-time blood glucose concentration. 
	Assess immediate impact of meals, exercise, stress, or acute illness; safe titration of insulin/sulfonylureas. 
	· Fasting: 4.0 – 
7.0 mmol/L 
 
 
· Postprandial (2 hrs): < 8.5 mmol/L 

	HbA1c 
(Glycated 
Haemoglobin) 
	Venous blood sample processed in a laboratory. 
	Weighted average blood glucose concentration over the preceding 2–3 months. 
	Standard for assessing long-term glycaemic control, treatment efficacy, and vascular complication risks. 
	· Lifestyle/Single drug: 48 
mmol/mol (6.5%) 
 
 
· Hypo-risk drugs: 53 mmol/mol 
(7.0%) 


 
 
 Daily Capillary Blood Glucose Monitoring (SMBG) 
Capillary testing provides an instantaneous snapshot of systemic glucose levels. The patient punctures the lateral edge of the tip of their finger, and the blood is enzymatically analysed by a handheld glucometer (Stat Pearls, 2026). This instantaneous feedback allows patients to associate lifestyle decisions with their metabolic health (e.g., recognizing postprandial spikes and exercise-related dips). For individuals who are on drugs which have a potential to cause hypoglycaemia (such as sulfonylureas or insulin) for which they have been prescribed, frequent testing is an important safety net to avoid significant neurological manifestations (Sibal and Home, 2009).  
 Glycated Haemoglobin (HbA1c) 
HbA1c reflects long-term control and can be measured by a simple venous blood sample. Glucose molecules in the blood stream adhere non-enzymatically to the haemoglobin within red blood cells in a process known as glycation. Since the life span of red blood cell is about 120 days, this information gives a weighted average of blood glucose level for past 8 to 12 weeks. Since it can’t be influenced by short-term factors like fasting in the morning, it is considered the clinical gold standard for assessing overall management (Sibal and Home, 2009).  
 NICE Glycaemic Targets and Preventing Complications 
NICE guidelines recommend individualised targets based on treatment regimens (NICE, 2022): 
For patients managed through lifestyle and diet alone or combined with a first line drug that does not induce hypoglycaemia (e.g., metformin), the target HbA1c is forty-eight mmol/mol (6.5%). 
For patients taking medications associated with higher hypoglycaemic risk, the target is adjusted to 53 mmol/mol (7.0%). 
Maintaining these targets is crucial for avoiding long-term vascular complications driven by chronic hyperglycaemia: 
Microvascular Damage: Chronic glucose spikes damage delicate capillaries supplying the eyes (retinopathy, leading to blindness), kidneys (nephropathy, leading to chronic kidney disease), and peripheral nerves (neuropathy, causing sensory loss and increased risk of foot ulceration). 
Macrovascular Damage: Hyperglycaemia accelerates atherosclerosis, exponentially increasing the baseline risk of myocardial infarction, stroke, and peripheral arterial disease. 
EVIDENCE-BASED LIFESTYLE RECOMMENDATIONS 
Lifestyle modification remains the foundational cornerstone of T2DM care, working alongside pharmacological options to manage disease progression. 
 Dietary Modifications and Weight Optimization 
Dietary advice should focus on sustainable, cardioprotective eating patterns rather than restrictive, generalized diets (Sibal and Home, 2009). 
Emphasize Low Glycaemic Index (GI) and High-Fibre Carbohydrates: Patients ought to substitute refined carbs (white bread, processed cereals) with complex, fibre-rich ones (oats, brown rice, lentils, non-starchy vegetables). Fiber also slows gastric emptying and glucose absorption in the small bowel and, as a result, reduces postprandial excursions and the associated oxidative stress and inflammation (Sibal and Home, 2009). 
Reduce Free Sugars and Saturated Fats: Eliminating sugar-sweetened beverages avoids direct glycaemic distress. Replacing saturated fats with monounsaturated or polyunsaturated options (olive oil, avocados, oily fish) optimizes lipid profiles and protects macrovascular pathways. 
Targeted Weight Loss: Adults who are overweight or obese should aim for a structured, multicomponent weight loss intervention that results in 5% to 7% loss of the initial body weight (AAFP, 2017). Moderate weight loss removes ectopic fat from the liver and pancreas, reduces hepatic insulin resistance and, in subjects with early-stage disease, may induce type 2 diabetes remission. 
 Structured Physical Activity 
Exercise improves glucose uptake by bypassing insulin resistance through independent physiological pathways. 
Activity Guidelines: Patients should complete at least 150 minutes of moderate to-vigorous aerobic activity per week (e.g., brisk walking, swimming, cycling), distributed over at least three days, with no more than two consecutive sedentary days (AAFP, 2017). 
Resistance Training: Incorporating resistance training (bodyweight exercises, bands, weights) 2 to 3 days per week supports glycaemic control (AAFP, 2017). 
Underlying Physiology: The active muscle requires ATP at a high rate. The contractions induce an insulin-independent mechanism that promotes translocation of GLUT4 vesicles to the plasma membrane.  
 
Smoking Cessation 
Although quitting smoking lowers health dangers, its effect on type 2 diabetes mellitus (T2DM), particularly after weight gain following cessation, is complicated. This systematic review and meta-analysis examined the connection between smoking reduction and diabetes likelihood, considering distinctions by weight modifications and duration of cessation. By the end of April 14, 2025, we had searched through seven databases. Studies observing smoking cessation, weight alterations, and T2DM were incorporated. Random-effects models were used to pool hazard ratios (HRs), comparing recent and long-term quitters to continuous/never smokers, with strata by weight gain. In eleven cohort studies, those who quit smoking but gained weight are found to have a higher risk of diabetes compared to those who continued smoking. Yu, Y. et al. (2026)
Patients with T2DM who are more severely affected by cigarette smoking. Nicotine has a direct inhibitory effect on insulin action leading to volatility in blood glucose levels. And since both diabetes and smoking are potent, separate, independent risk factors for destruction of the lining of blood vessels the very thing that leads to heart attacks, stroke and peripheral arterial disease smoking multiplies those risks.  
Patient Education Resource: For an accessible, patient-focused reference guide on meal planning, portion control, and healthy eating plates, patients can view this visual guide: 
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Educational visual guide illustrating healthy plate portions, carbohydrate swaps, and dietary recommendations tailored for individuals managing diabetes (Amazon UK, 2026). 
CONCLUSION 
Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterised by a combination of peripheral insulin resistance and beta cell insufficiency. Without treatment, chronic hypoglycaemia causes disruption of metabolic homeostasis, leading to individual cells being deprived of the glucose needed to perform aerobic respiration and mitochondria producing less ATP. Common systemic manifestations caused by this defective cellular energetics, such as fatigue, are reversible, while the disease itself eventually leads to irreversible microvascular and macrovascular complications. 
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