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Diabetes: Blood Glucose Regulation, Cellular Metabolism and Lifestyle Management

Introduction
Diabetes mellitus is a chronic metabolic condition characterised by elevated blood glucose levels, known as hyperglycaemia. Glucose provides energy for the body's cells, but its concentration in the blood must be carefully regulated. Insulin, produced by pancreatic beta (β) cells, plays a central role by helping glucose move from the bloodstream into cells. In type 2 diabetes mellitus (T2DM), the body either produces insufficient insulin or does not use it effectively, known as insulin resistance (NHS, 2025a).
Type 1 and type 2 are the most common forms of diabetes. Type 1 results from an autoimmune process that destroys pancreatic beta cells, causing little or no insulin production. In contrast, T2DM develops through insulin resistance combined with progressive impairment of insulin secretion. Genetic and environmental factors contribute, while potentially modifiable factors such as excess body weight, physical inactivity and dietary patterns influence its development and management (World Health Organization, 2024).
Other risk factors include increasing age, family history and ethnicity. People from South Asian backgrounds have a substantially higher risk of T2DM and may develop it at a younger age and lower body mass index than White European populations (Department of Health and Social Care, 2021). High blood pressure and other cardiometabolic factors can also increase T2DM risk (NHS, 2025b).
Persistently high blood glucose can damage blood vessels and nerves, contributing to complications affecting the cardiovascular system, kidneys, eyes and peripheral nerves (NHS, 2025c). Understanding glucose regulation and lifestyle influences is therefore important in supporting people with T2DM to participate effectively in their care.





Maintenance of Blood Glucose Levels
Blood glucose regulation is an example of homeostasis, whereby the body maintains an internal environment within a relatively stable range despite changes occurring externally. The pancreas, liver and body tissues have important roles in maintaining blood glucose homeostasis.
Following the consumption of carbohydrate-containing food, carbohydrates are digested into smaller molecules, including glucose. Glucose is absorbed through the small intestine into the bloodstream, causing blood glucose concentration to rise. In response, pancreatic beta cells detect the increase and release insulin into the circulation. Insulin binds to receptors on target cells and promotes glucose uptake, particularly in skeletal muscle and adipose tissue. It also encourages the liver and muscles to store glucose as glycogen, thereby reducing the concentration of glucose circulating in the blood (NHS, 2025a).
The liver acts as an important storage and regulatory organ. When glucose is plentiful, insulin promotes glycogenesis, whereby glucose is converted into glycogen for storage. When blood glucose begins to fall, pancreatic alpha (α) cells release the hormone glucagon. Glucagon has an opposing effect to insulin. It stimulates glycogenolysis, the breakdown of glycogen into glucose, and promotes gluconeogenesis, in which glucose is produced from non-carbohydrate substrates. The liver can subsequently release glucose into the bloodstream to help restore an appropriate blood glucose concentration.
This relationship between insulin and glucagon represents a negative feedback mechanism. When blood glucose rises, insulin secretion increases and blood glucose is lowered. When blood glucose falls, glucagon secretion increases and helps raise blood glucose. In a healthy individual, these mechanisms work together to maintain glucose availability for tissues while preventing excessive fluctuations.
In T2DM, this regulatory system becomes impaired. Insulin resistance means that target cells respond less effectively to insulin. The pancreas may initially compensate by producing additional insulin; however, over time pancreatic beta-cell function can decline. Consequently, glucose is less effectively taken up by cells and the liver may continue releasing glucose when it is not required, contributing to persistent hyperglycaemia (NHS, 2025a).
NICE (2026) emphasises individualised blood glucose management and HbA1c targets for adults with T2DM. HbA1c provides an indication of average blood glucose over approximately the previous two to three months and is therefore useful for assessing longer-term glycaemic control. The target must be individualised because excessively intensive glucose lowering can increase the risk of hypoglycaemia in some patients (NICE, 2026).

The Use of Glucose and Oxygen in Cellular Energy Production
Glucose is an important source of energy for human cells. However, cells cannot use glucose directly as their immediate energy source. Instead, the energy stored in glucose is converted into adenosine triphosphate (ATP). ATP provides energy for important cellular processes, including muscle contraction, active transport, cellular repair and the production of molecules (Betts et al., 2022).
Aerobic cellular respiration is the process through which glucose is broken down using oxygen. The overall process can be summarised as:
Glucose + oxygen → carbon dioxide + water + ATP
Cellular respiration occurs in four main stages: glycolysis, the link reaction, the citric acid cycle (Krebs cycle), and oxidative phosphorylation (Betts et al., 2022).
Figure 1: Stages of Cellular Respiration
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Figure 1: Cellular respiration showing the main stages involved in the breakdown of glucose and production of ATP. Source: Betts et al. (2022), Figure 24.4.
1. Glycolysis
Glycolysis takes place in the cytoplasm and does not directly require oxygen. During this stage, one glucose molecule is split into two pyruvate molecules. A small amount of ATP is produced. The pyruvate can then continue into aerobic respiration when oxygen is available (Betts et al., 2022).
2. Link Reaction
When oxygen is available, pyruvate enters the mitochondria. It is converted into acetyl coenzyme A (acetyl-CoA). Carbon dioxide is released during this process, and NADH is produced. Acetyl-CoA then enters the next stage of cellular respiration (Betts et al., 2022).
3. Citric Acid Cycle (Krebs Cycle)
Acetyl-CoA enters the citric acid cycle within the mitochondrial matrix. During this stage, carbon dioxide is released and high-energy molecules, including ATP, NADH and FADH₂, are produced. NADH and FADH₂ carry high-energy electrons to the electron transport chain (Betts et al., 2022).
4. Oxidative Phosphorylation
Oxidative phosphorylation takes place at the inner mitochondrial membrane. Electrons from NADH and FADH₂ pass through the electron transport chain. The energy released is used to create a proton gradient, which drives the production of ATP. Oxygen acts as the final electron acceptor and combines with electrons and hydrogen ions to form water. This stage produces most of the ATP made during aerobic respiration (Betts et al., 2022).
Glucose and oxygen therefore have different but connected roles in energy production. Glucose provides the energy that is gradually released during cellular respiration, while oxygen allows the final stages of the process to continue. The ATP produced provides usable energy for cellular functions (Betts et al., 2022).
This process also demonstrates the relationship between anatomy and physiology. The pancreas helps regulate blood glucose levels, while the circulatory system transports glucose and oxygen to body tissues. At a cellular level, mitochondria use these substances to produce ATP. In diabetes, impaired glucose regulation can cause excessive glucose to remain in the bloodstream rather than being appropriately used or stored by cells.

Recording and Tracking Blood Glucose in Type 2 Diabetes
Monitoring blood glucose can help some individuals with T2DM understand how food, physical activity, illness and medication affect their glucose levels. However, self-monitoring is not automatically required for every person with T2DM. NICE (2026) recommends that the need for capillary blood glucose monitoring should be considered according to the individual's treatment and clinical circumstances.
For people who are advised to monitor their glucose, recording results over time can provide useful information about patterns rather than focusing on a single reading. For example, repeated increases following particular meals may encourage discussion about carbohydrate portions, meal composition or timing. Similarly, a person may observe changes following physical activity. For individuals taking medicines that can cause hypoglycaemia, monitoring may help identify low glucose levels and support appropriate action.
Diabetes UK (2026) explains that blood glucose monitoring can help people understand their glucose levels and identify episodes of hyperglycaemia or hypoglycaemia. Continuous glucose monitoring (CGM) and flash glucose monitoring can provide additional information for some people, although these technologies are not appropriate or available for everyone.
Longer-term monitoring is also provided through HbA1c testing. Unlike a single finger-prick measurement, HbA1c provides an indication of average blood glucose over a period of approximately two to three months. This allows healthcare professionals and patients to evaluate whether management strategies are maintaining glucose within an agreed target range (Diabetes UK, 2026).
NICE (2026) recommends that people with T2DM who self-monitor capillary blood glucose should receive a structured assessment at least annually. This should consider whether the person understands their readings, can use the equipment correctly, knows what action to take and continues to benefit from monitoring. Consequently, monitoring should be viewed as part of an individual's wider care plan rather than an isolated activity.

Evidence-Based Lifestyle Recommendations
Lifestyle modification is an important component of T2DM management. Changes should be individualised and realistic, taking into account the person's preferences, culture, financial circumstances, physical abilities and existing treatment. NICE (2026) recommends combining healthy living with appropriate medical management rather than treating lifestyle change as an alternative to professional care.
Diet
Diet has a direct influence on blood glucose because carbohydrate-containing foods are broken down into glucose. A balanced diet containing vegetables, fruit, wholegrains, pulses and appropriate protein sources can support healthier eating patterns. NHS guidance recommends reducing highly processed foods high in saturated fat, salt and free sugars while increasing vegetables, wholegrains and pulses (NHS, 2025d).
Dietary patterns rather than individual foods are particularly important. Evidence from an umbrella review indicates that Mediterranean, plant-based, low-glycaemic-index and lower-carbohydrate diets can provide cardiometabolic benefits for people with T2DM, although evidence strength differs between outcomes (Ojo et al., 2023). Recent randomised controlled trials also indicate that Mediterranean-style diets can produce modest improvements in HbA1c, fasting glucose and body mass index (2025).
A practical approach is to encourage sustainable changes rather than unnecessary restriction. Portion control, increased dietary fibre and choosing minimally processed carbohydrates can improve dietary quality. Advice should also be culturally appropriate, as familiar foods and eating practices may influence adherence.
Physical Activity
Regular physical activity can improve insulin sensitivity because contracting skeletal muscle can increase glucose uptake. Exercise therefore has benefits beyond energy expenditure and weight management.
A systematic review and meta-analysis involving adults with T2DM found that structured exercise was associated with reductions in HbA1c, with aerobic exercise, resistance training and combined programmes all demonstrating beneficial effects (Umpierre et al., 2011). More recent evidence continues to support exercise as an important component of T2DM management (Igarashi, Akazawa and Maeda, 2021).
NHS (2025d) recommends that adults aim for at least 150 minutes of moderate-intensity physical activity across the week, such as brisk walking, where this is safe and appropriate. Resistance exercises can also support muscle strength and glucose regulation. Individuals who are currently inactive should begin gradually and increase activity according to their capabilities.
Weight Management
For people living with overweight or obesity, gradual and sustained weight loss can improve metabolic health and blood glucose control. Excess adipose tissue, particularly visceral fat, is associated with insulin resistance. NICE (2026) therefore recommends addressing weight management as part of comprehensive T2DM care.
Weight management should not be approached solely through calorie restriction. Combining a nutritionally balanced diet with physical activity and appropriate behavioural support can make changes more sustainable. NHS guidance also recognises that weight loss can sometimes result in significant improvement in blood glucose levels and, for some individuals, remission of T2DM (NHS, 2025d).
Smoking Cessation
Smoking is particularly important because diabetes already increases the risk of cardiovascular disease. Tobacco exposure adds further cardiovascular risk and can contribute to vascular damage. The World Health Organization (2024) identifies avoiding tobacco as an important measure for preventing or delaying T2DM and reducing associated health risks.
People with diabetes who smoke should therefore be offered appropriate smoking cessation support. This may include behavioural support and evidence-based treatments through NHS services. Smoking cessation should be approached as part of holistic diabetes management rather than simply as an instruction to stop smoking.
Alcohol and Self-Management
Alcohol intake should also be considered because alcohol can affect blood glucose and may contribute additional calories. Individuals taking certain diabetes medicines may be particularly vulnerable to hypoglycaemia following alcohol consumption. Advice should therefore be individualised according to medication and personal circumstances.
Overall, effective diabetes management requires patients to understand their condition and participate in shared decision-making. Diabetes education can help individuals develop practical skills, recognise changes in their health and understand how lifestyle behaviours interact with treatment.








Conclusion
Diabetes is a chronic metabolic condition in which blood glucose regulation is impaired. In T2DM, insulin resistance and progressive pancreatic beta-cell dysfunction interfere with normal glucose homeostasis, resulting in hyperglycaemia. The pancreas, liver, bloodstream and target tissues work together under normal physiological conditions to maintain blood glucose within an appropriate range. At cellular level, glucose is metabolised through cellular respiration, with oxygen supporting oxidative phosphorylation and the production of ATP required for cellular function.
For people with T2DM, monitoring and recording blood glucose can provide useful information when self-monitoring is clinically appropriate, while HbA1c provides an important measure of longer-term glycaemic control. Lifestyle measures, including a balanced diet, regular physical activity, weight management and smoking cessation, can improve glycaemic and cardiovascular outcomes. Effective management should therefore combine physiological understanding, evidence-based interventions and individualised support, enabling people with T2DM to participate actively in their care and reduce the risk of long-term complications.
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