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Introduction. 

Type 2 diabetes: what is it? And how do I manage it? 

Diabetes mellitus is one of the major public health threats of the twenty-first century: up to 537 million adults globally are currently estimated to be living with diabetes and this is anticipated to increase to 783 million by 2045 (International Diabetes Federation, 2021). Diabetes is a complex chronic metabolic disorder resulting from the dysfunction of various organs that leads to abnormal blood glucose due to defective insulin action and/or secretion. T2DM affects about 90-95% of those with diabetes.

Type 2 diabetes occurs when the body is unable to use insulin properly or the pancreas does not produce enough insulin to keep blood sugar at normal level (Galicia-Garcia et al., 2020). Whereas in Type 1 diabetes, an autoimmune disease with lifelong insulin requirement, much of the burden resulting from Type 2 diabetes is attributable to potentially modifiable lifestyle factors and the condition can frequently be prevented or managed through behavioural change. It is important for patients to understand the pathophysiology of diabetes, as well as factors that affect blood glucose control, in order to actively participate in their care plan and attain optimum health.

There are a number of risk factors (some modifiable, some not) for developing Type 2 diabetes. Age over 45 years, family history of diabetes and ethnic group are non-modifiable risk factors, with those of South Asian/African-Caribbean/Hispanic-origin particularly at augmented risk (Bellou et al., 2018). Changeable risk factors are overweight, physical inactivity, unhealthy diet pattern, smoking habit and hypertension (Bellou et al., 2018). Furthermore, disorders such as polycystic ovary syndrome, history of gestational diabetes and metabolic syndrome confer substantial risk for diabetes (National Institute for Health and Care Excellence, 2022). 

Glucose Homeostasis in Health and Disease

The regulation of blood glucose concentration in the fasting state to about 4.0-5.9 mmol/L is a key homeostatic response that ensures optimal cellular function (Hall and Hall, 2021). This regulatory mechanism is acted upon by two hormones, insulin and glucagon, secreted from the beta- and alpha-cells of clusters of cells on the pancreas known as the islets of Langerhans.

When blood sugar increases after a meal, beta cells in the pancreatic islets release insulin into the bloodstream (Galicia-Garcia et al., 2020). Insulin augments cellular glucose consumption by binding to insulin receptors on cellular membranes, mainly in muscle, adipose tissue and hepatocytes, leading intracellularly to increased signalling and translocation of the glucose transporter protein (GLUT4) from its vesicular compartment toward cell surface (Petersen and Shulman, 2018). This transporters allow glucose to enter cells to be used as energy or stored as glycogen. Concurrently, the liver glucose production is inhibited by insulin (DeFronzo et al., 2015).

By contrast, when blood glucose drops during fasting or between meals, alpha cells release glucagon, a hormone with counterregulatory actions to that of insulin (Hall and Hall, 2021). Glucagon activates hepatic glycogenolysis and gluconeogenesis from non-carbohydrate precursors to increase plasma glucose concentration and sustain delivery of sufficient fuels to tissues with high metabolic demands for glucose (Petersen & Shulman, 2018).

In Type 2 diabetes, this control system breaks down via insulin resistance and declining beta-cell function (Taylor, 2020). Insulin resistance is when the target tissues that are regulated by insulin become less responsive to its actions, thereby demanding higher concentrations of insulin to promote glucose uptake (Petersen and Shulman, 2018). At first, pancreatic beta cells compensate by producing more insulin; subsequently, they fail to do so and exhaustion sets in causing a chronically elevated BG level (DeFronzo et al., 2015). Such persistent high glucose levels are implicated in severe complications associated with the cardiovascular, renal, ocular and peripheral nerve systems (Davies et al., 2018) 

Cellular Energetics: The Glucose-Oxygen Relationship

The generation of adenosine triphosphate (ATP) as cellular energy by glucose and oxygen metabolism is a basic biochemical mechanism. This pathway, referred to as cellular respiration, is mostly confined to mitochondria and consists of three stages: glycolysis, the citric acid cycle and oxidative phosphorylation (Hall and Hall, 2021).

Glycolysis takes place in the cytoplasm and does not need oxygen. A single glucose is converted to two pyruvate, generating two ATP and two NADH (Hall and Hall, 2021). Although this is relatively low energy output, it offers a rapid source of energy for cellular activities.

Under aerobic conditions pyruvate moves inside mitochondria and with formation of acetyl-CoA through entry in the TCA cycle (Hall and Hall, 2021). This also occurs in the remaining two turns of the cycle and will oxidise the acetyl-CoA to carbon dioxide plus electron carriers (NADH and FADH2) but generates one ATP.

The electron carriers give up their high-energy electrons to the electron transport chain, protein complexes located in the inner mitochondrial membrane (Hall and Hall, 2021). As it passes through, electrons are emitted to give up energy, pushing protons out of the membrane and into an electrochemical gradient. The ATP synthesis in oxidative phosphorylation is catalysed by the enzyme ATP synthase". Oxygen, the last element in electron transport system takes up electrons at low energy level and unite with protons to form water.

According to Hall and Hall (2021), about 30-32 ATPs are produced by the complete aerobic respiration of a single glucose molecule. Such energy generation is necessary for muscle action, nerve stimulus, protein synthesis and active transport. Poorly controlled diabetes slows down this pathway when cellular glucose uptake is inefficient, possibly causing fatigue (Galicia-Garcia et al., 2020). 

 The Significance of Blood Glucose Monitoring in Type 2 Diabetes Control

Self-monitoring of blood glucose (SMBG) is a crucial aspect of successful diabetes self-care, as it allows individuals with diabetes to receive real-time information about their glycaemic control and make informed choices about their diet, physical activity and medication (Young et al., 2017). For people with Type 2 diabetes, especially for those taking insulin or other hypoglycaemia-inducing drugs, the monitoring has several advantages.

Systematic monitoring of blood glucose permits the patient to recognise patterns for seeing how food, activity, stress, illness and medications impact senescence of blood sugar levels (Young et al., 2017). This individualized information can help people make specific life-style adjustments and work together with healthcare providers to customise their treatment. Patients, for instance could learn that some foods result in too much glucose and be motivated to change their diet.

Frequent monitoring enables early identification of both hyperglycaemia and hypoglycaemia, enabling rapid intervention to avoid acute complications (National Institute for Health and Care Excellence, 2022). Episodes of hypoglycaemia (defined as plasma glucose below 4.0 mmol/L) can lead to symptoms ranging from trembling to confusion, while sustained hyperglycaemia is the cause of long-term complications (Davies et al., 2018). The early identifications are the basis for counteractions.

BGMS) facilitates patient activation and self-efficacy, two essential prerequisites of successful chronic disease management (Rooth & Dunstan, 2014; Young et al., 2017). Patients may feel more motivated and confident in handling their disease when they see how their actions impact blood glucose.

Patients are advised by healthcare professionals to keep a record of their blood glucose values highlighting date, timings of the day including before and after meals as well as additional information on context (e.g. food intake, physical activities) (National Institute for Health and Care Excellence, 2022). These records allow clinicians to evaluate glycaemic control, measure therapeutic success and modify treatment evidence-based. By the close monitoring over time, easily average glucose levels and variability can be estimated that are known to predict complications (Davies et al., 2018).

Evidence-Based Lifestyle Changes and Recommendations for the Management of Type 2 Diabetes

The management of Type 2 diabetes is based on lifestyle interventions in which there is consistent evidence of benefit from behavioural treatments focusing on diet, physical activity, body weight control and smoking abstinence with substantial impact to glycaemic control, cardiovascular risk and quality of life (Davies et al., 2018). 

Dietary Modifications

Diet therapy represents a cornerstone in the management of diabetes, and healthy eating patterns can result in HbA1c reductions of 0.3-2.0%, similar to for many blood glucose-lowering medications (Evert et al., 2019). Food and eating goals focus on reaching a healthy body weight, obtaining individualised glycaemic targets the prevention of complications.

There is evidence for diets in the style of the Mediterranean pattern which are high in vegetables, fruit, whole grains, legumes, nuts and olive oil with moderate amounts of fish and low red meat consumption (Evert et al., 2019). Investigations show that such a diet can be effective in achieving better glycaemic control and cardiovascular risk factors. The DASH diet which promotes high levels of fruits, vegetables, low-fat dairy and sodium reduction is associated with beneficial effects on blood pressure and lipids (Evert et al., 2019).

Carbohydrates deserve special attention, as they are those that influence the most on postprandial glucose. The patients should be consuming carbohydrates with lower glycaemic index (GI) namely whole grains and legumes, rather than refined carbohydrate and added sugar (Evert et al., 2019). Portion size and carbohydrate distribution over the day can prevent excessive glucose fluctuations. Raising daily consumption of dietary fibre to at least 25-30 grams enhances glycaemic control and decreases the risk of cardiovascular disease (Evert et al., 2019). 

Physical Activity and Exercise

Exercise remains one of the most powerful interventions for optimizing glycaemic control, insulin sensitivity, and cardiovascular health (Colberg et al., 2016). The role of exercise-derived hormones in muscle insulin sensitivity is by insulin-dependent and -independent mechanisms, and the effects can last for 24-72 h after completion of a single bout of physical exercise (Colberg et al.

It is recommended that adult patients with type 2 diabetes should perform at least 150 minutes/week of moderate-intensity aerobic exercise, spread over at least three days (Colberg et al., 2016). For example, aerobic exercise (walks, cycling, swimming and dancing) shows improvements in cardiovascular fitness and glycaemic control.

Strength training is recommended at least two to three times a week (Colberg et al., 2016). Studies, including this one, have shown that combined aerobic and resistance training leads to greater baseline HbA1c modifications than either exercise modality alone do; therefore an eclectic programme might be the most effective (Colberg et al., 2016).

Individuals with diabetic complications (e.g., retinopathy or neuropathy) the exercise regimen should be customised to reduce the risk of injury while developmental metabolic benefits are maximized (Colberg et al., 2016). 

Smoking Cessation

Smoking is a significant modifiable risk factor, and it aggravates insulin resistance, raises the chances of cardiovascular events, and contribute for quick development of complications (Pan et al., 2015). Diabetic smokers are at much higher risks for CVD, PVD, nephropathy, retinopathy and neuropathy compared to diabetic nonsmokers (Pan et al., 2015).

In the meta-analysis of the impact of smoking on health in diabetes, smoking was found to significantly increase mortality risk, cardiovascular events, stroke and MI (Pan et al., 2015). There is evidence to show that cessation benefits health regardless of the time point at which it occurs. An offer of full support to quit should be offered, comprising behavioural support using counselling and other interventions such as nicotine replacement therapy (NRT), varenicline or bupropion (National Institute for Health and Care Excellence, 2022). 

Sleep and Stress Management

There is growing evidence that adequate sleep duration and quality can impact diabetes management, whilst a lack of or poor-quality sleep has been associated with poorer glycaemic control and increased insulin resistance (Davies et al., 2018). Adults with Type 2 diabetes should strive for seven to nine hours of good-quality sleep every night and treat sleep problems, including obstructive sleep apnoea.

Long-term psychological stress negatively affects the treatment of diabetes, inducing physiological impacts on glucose metabolism and indirect effects on health behavior (Davies et al., 2018). Mindfulness-based interventions, cognitive behavioural therapy, and relaxation exercises are promising techniques for enhancing psychological wellbeing and glycaemic control. 

Conclusion

Type 2 diabetes is a complex chronic condition that heterogeneous and requires treatment beyond anti diabetic therapy. Understanding the physiology of glucose regulation and cellular energy metabolism also empowers patients in understanding their own daily choices that affect the progression of disease and health. The focus is largely on regulation of blood glucose, how cells utilize in respiration the substrates glucose and oxygen to generate energy, and deviations observed in the progression of Type 2 disease.

Measurement of blood glucose is the "vital sign" to allow persons with diabetes to recognize patterns, prevent complications and support effective partnership in care plans. But if behaviour is not changing, the one of being watched is not sufficient. There is evidence that lifestyle interventions to modify diet quality, increase physical activity and manage body weight; quit smoking; have sufficient sleep; relax more and cut down binge drinking are efficacious in producing clinically meaningful reductions in glycaemic parameters as well as reducing the likelihood of catastrophic complications.

Health care professionals have a significant role to play in aiding patient education, behaviour change and collaboratively working with patients on bespoke management plans that may be informed of each patient's possible background, preference and goal. Through comprehensive, evidence-based education and ongoing support, we can empower patients to play a consistent and active role in diabetes management with the end aim of positively impacting quality of life and long-term health outcomes. Living with diabetes is a lifelong challenge, yet Type 2 sufferers can lead productive lives if they are well-informed and well-supported. 
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