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1.0  Introduction
Diabetes mellitus is a long-term metabolic disorder marked by consistently high levels of blood sugar, known as hyperglycemia. The condition primarily manifests in two forms: type 1 and type 2 diabetes. In type 1 diabetes, an autoimmune response leads to the destruction of the insulin-producing beta cells in the pancreas, resulting in an absolute insulin deficiency. Conversely, type 2 diabetes (T2D) is characterized by a combination of insulin resistance and a gradual decline in beta-cell performance. Although insulin is still generated in T2D, the body's tissues gradually become resistant to its effects, and eventually, insulin production is insufficient to regulate glucose levels properly (Lee, Park, and Choi, 2022).
The onset of T2D is attributed to a range of interconnected risk factors rather than a single causative element. These factors include advancing age, genetic predisposition, a family history of diabetes, obesity, particularly increased abdominal fat, sedentary lifestyles, poor dietary habits, and smoking. Moreover, environmental influences, socioeconomic status, and other metabolic conditions can play a role. A recent review underscores the intricate interplay of genetic, dietary, environmental, microbiome, and metabolic elements in T2D development (Singh et al., 2024).
The significance of this condition lies in the potential for persistent high blood sugar levels to lead to complications impacting the heart, kidneys, eyes, nerves, and other bodily systems. The global incidence of diabetes has been on the rise, with estimates suggesting that approximately 589 million adults between the ages of 20 and 79 were living with diabetes in 2024, predominantly type 2 diabetes (Sun et al., 2025). As a result, primary care plays a crucial role in educating patients about their condition, encouraging appropriate glucose monitoring, and supporting the adoption of sustainable lifestyle modifications.
2.0  How Blood Sugar Levels Are Maintained at a Safe and Effective Level
Blood glucose levels are controlled through a coordinated effort among the pancreas, liver, skeletal muscle, adipose tissue, and various hormones. When you eat a meal containing carbohydrates, glucose is absorbed from the digestive system into the bloodstream. This increase in blood glucose prompts the pancreatic beta cells to secrete insulin. Insulin facilitates the uptake and utilization of glucose by tissues sensitive to it, such as skeletal muscle and adipose tissue, and also encourages the liver and muscles to store glucose as glycogen. Additionally, insulin reduces the liver's production of glucose (Lee, Park, and Choi, 2022).
The liver plays a crucial role as both a storage site and distributor of glucose. When glucose is abundant, insulin promotes glycogenesis, wherein glucose is converted into glycogen for storage. Between meals, as blood glucose levels drop, insulin secretion decreases, while the pancreatic alpha cells increase glucagon release. Glucagon stimulates hepatic glycogenolysis, breaking down glycogen, and gluconeogenesis, creating new glucose from substances like glycerol and amino acids (Habegger, 2022).
The balance between insulin and glucagon is essential to avoid both excessive blood glucose levels and dangerously low levels. Other hormones, such as adrenaline, cortisol, and growth hormone, also play roles, especially during fasting, stress, or low blood glucose situations. The liver continuously adjusts its production of glucose in response to nutritional and hormonal cues (Habegger, 2022).
In Type 2 Diabetes (T2D), this regulatory system becomes dysfunctional. Insulin resistance results in less effective responses of the muscle, adipose tissue, and liver to insulin. Consequently, glucose uptake may decrease while glucose production in the liver stays excessively high. Initially, the pancreas compensates by producing more insulin, but over time, beta-cell function may deteriorate. This leads to continuous elevated blood glucose levels both when fasting and after meals (Lee, Park, and Choi, 2022).
Glycated hemoglobin (HbA1c) is particularly useful for evaluating long-term glucose control as it reflects average blood glucose levels over the past two to three months. Monitoring blood glucose, when clinically necessary, provides additional insights into daily fluctuations and helps patients understand how diet, exercise, medication, and other behaviors impact their glucose levels.
3.0  How Oxygen and Glucose Are Used to Produce Energy Through Cell Metabolism
Glucose serves as a crucial energy source for cells. Once it permeates a cell's boundary, glucose undergoes glycolysis in the cytoplasm. This pathway converts one glucose molecule, comprised of six carbons, into two pyruvate molecules. Alongside, it generates a modest amount of immediate ATP and also produces reduced NADH (Su, Villard, and Manneville, 2023).
When oxygen is plentiful, pyruvate is transported into the mitochondria, where it is transformed into acetyl-CoA. Acetyl-CoA then enters the tricarboxylic acid (TCA) cycle, or Krebs cycle. During this cycle, NADH and FADH₂ are produced, which carry high-energy electrons to the mitochondrial electron transport chain. Within this chain, electron passage generates a proton gradient across the membrane of the mitochondria. ATP synthase utilizes this gradient to synthesize ATP from ADP and inorganic phosphate, thus supplying energy for various cellular activities (Su, Villard, and Manneville, 2023).
The presence of oxygen is vital for the last stage of oxidative phosphorylation as it serves as the final electron acceptor. This aerobic respiration process yields significantly more ATP per glucose molecule compared to glycolysis alone. If oxygen supply is inadequate, cells increasingly depend on anaerobic glycolysis, where pyruvate is converted to lactate. This permits glycolysis to persist, though with far less ATP production (Su, Villard, and Manneville, 2023).
To simplify, the pathway can be illustrated as follows: Glucose → glycolysis → pyruvate → acetyl-CoA → TCA cycle → electron transport chain + oxygen → ATP + carbon dioxide + water. The ATP produced is then used for vital roles such as muscle contraction, active ion transport, maintaining cell membranes, and the synthesis of cellular components.
4.0  How Recording and Tracking Blood Sugar Helps Individuals with Type 2 Diabetes
Monitoring blood glucose levels can help patients understand how their glucose levels react to daily activities. Depending on an individual's treatment plan, self-monitoring may include checking fasting, pre-meal, or post-meal glucose, or monitoring when symptoms of low or high blood sugar occur. It's important that the purpose goes beyond just gathering numbers; readings are most beneficial when assessed in conjunction with diet, physical activity, medication, and symptoms.
Structured self-monitoring can reveal patterns that might otherwise be overlooked. For instance, a patient might observe consistently higher readings after specific meals or notice better readings following physical activity. Discussing these patterns with a healthcare provider can facilitate conversations about lifestyle adjustments and, if necessary, changes in treatment.
Evidence shows that structured self-monitoring can lead to a modest improvement in HbA1c among adults with type 2 diabetes not treated with insulin. A systematic review and meta-analysis conducted in 2023 involving 5,372 participants reported a slight improvement in HbA1c and diabetes self-management confidence, although the authors noted variability and limitations in the evidence (Holmes-Truscott et al., 2023). Additionally, another meta-analysis indicated that the success of self-monitoring may hinge on how it is integrated into a structured management strategy rather than just measuring glucose without further action (Zou et al., 2023).
Therefore, patients should adhere to the monitoring schedule established with their healthcare provider. Testing excessively without a specific purpose can lead to needless anxiety and expense, while insufficient monitoring might miss critical patterns. Test results should be evaluated along with HbA1c levels and the individual's overall treatment regimen.
5.0  Evidence-Based Recommendations on How Lifestyle Changes Could Improve the Condition
Diet
Managing type 2 diabetes is all about tweaking your diet, but instead of jumping on the bandwagon of short-lived, super-restrictive diets, it's about finding a way of eating that you can actually stick with. The goal here is to build a habit of munching more veggies, whole grains, legumes, fiber-rich stuff, and healthy fats while cutting back on refined carbs, junk food, and sugary drinks. Oh, and watching those portion sizes and how many calories you're taking in is pretty key, especially if you're carrying around a bit more weight than you'd like.
There’s no one-size-fits-all when it comes to diet for T2D. In fact, a big analysis looking at 42 different studies with nearly 5,000 participants found that a bunch of different eating styles helped lower blood sugar levels. However, the strength of the proof varied from one diet to another (shoutout to Jing et al., 2023 for the deep dive!). On top of that, another review pointed out that Mediterranean, plant-based, low-carb, and low-GI diets can help different aspects of heart and metabolic health, although some of them have stronger evidence backing them up (props to Dyson et al., 2023 for that one).
The Mediterranean diet is a shining star for T2D, thanks to its focus on veggies, fruits, beans, whole grains, nuts, fish, and good fats. A recent 2024 analysis even found improvements in key health markers like blood sugar, BMI, and blood pressure for those following this diet (hats off to Zheng et al., 2024). But remember, dietary advice isn’t a one-size-fits-all. It should always be tailored to fit what you like to eat, what you can afford, any meds you're on, and the nutritional goals you’re aiming for. Most importantly, choose changes you can stick with for the long haul!
Physical Activity
Engaging in regular physical activity enhances the uptake of glucose by skeletal muscles and boosts insulin sensitivity. Consequently, exercise can enhance blood sugar regulation even without significant weight loss. It's advisable for individuals to gradually increase their activity level, considering their current fitness status, age, any complications they may have, and guidance from healthcare professionals.

Both aerobic and resistance exercises are backed by current research. Asfaw and Dagne (2022) conducted a systematic review and meta-analysis revealing that physical activity can enhance glucose management in individuals with diabetes. Furthermore, another systematic review by Memelink et al. (2023) demonstrated that incorporating exercise into a diet with limited calorie intake offers additional advantages in terms of body weight, blood sugar control, and cardiorespiratory fitness for adults with excess weight or type 2 diabetes. Whenever feasible, adults should aim for regular, moderate-intensity physical activities, which include aerobic and strength-training exercises, while also minimizing prolonged periods of inactivity.
Weight Management
For patients carrying excess weight, a gradual loss of weight can lead to better insulin sensitivity and improved blood sugar control. It's crucial that weight management is undertaken without any judgment. Implementing small, sustainable changes may be more practical than drastic dietary restrictions. Research from lifestyle intervention studies indicates a link between losing weight and enhanced glucose regulation (Jayedi et al., 2024).
Smoking Cessation
Addressing smoking is crucial, as it is linked to adverse metabolic and cardiovascular health effects in individuals with diabetes. Those who smoke should receive proven cessation assistance, incorporating behavioral guidance and suitable pharmacological options when appropriate. Ongoing research explores the effects of quitting smoking on weight changes and diabetes risk, yet stopping smoking persists as a vital aspect of enhancing overall health (Yu et al., 2026).
Additionally, lifestyle changes must be tailored to be achievable and focused on the individual. Diabetes education that emphasizes self-management, along with goal setting, monitoring, and consistent follow-up, can aid patients in integrating this knowledge into their everyday habits.
6.0  Conclusion
Type 2 diabetes results from a combination of metabolic processes and lifestyle choices, notably insulin resistance along with the gradual malfunctioning of beta cells. The regulation of blood sugar levels involves the collaborative functioning of insulin, glucagon, the liver, muscles, and fat tissue. Glucose serves as a vital energy source that's transformed into ATP through glycolysis, the citric acid cycle, and oxidative phosphorylation, with oxygen facilitating efficient energy generation in aerobic conditions.

For individuals with Type 2 diabetes, tracking glucose levels when necessary can reveal trends and aid informed self-care. Nonetheless, monitoring becomes most effective when paired with education and guidance from healthcare professionals. Research indicates that consistent enhancements in diet, regular exercise, weight control, and quitting smoking are beneficial. As a practice nurse, offering clear information and assisting patients in setting realistic goals can enhance their confidence and engagement in managing their diabetes.
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