
[image: Discover University of Wales Trinity Saint David]




Student name: Natalja Golub
Student ID: 2440433

Module name: Introduction to Physiology
Module code: BMHP5023_LON
Lecturer name: Shaila Hussain

Assessment: 1
Type 2 Diabetes: Blood Glucose Regulation, Cellular Metabolism, Monitoring and Lifestyle Management

Table of Contents
1. Introduction …………………………………………..2
2. Blood Sugar Regulation…………………………….2-4
3. Oxygen and Glucose in Cellular Metabolism……4-6
4. Recording and Tracking Blood Sugar Levels……6-7
5. Evidence-Based Lifestyle Recommendations…..7-8
6. Conclusion……………………………………………..9






1. Introduction
A practice nurse in a local GP surgery has noticed an increasing number of patients diagnosed with diabetes. Many would benefit from a clearer understanding of their condition and how to manage it safely. Patient education can support self-management and help prevent complications.

 Diabetes mellitus is a long-term metabolic disorder characterised by an abnormally high level of glucose in the blood. Insulin normally enables glucose to enter cells, where it can be used for energy. In Type 1 diabetes, pancreatic beta cells are damaged by the immune system, resulting in little or no insulin production. Type 2 diabetes develops mainly because body cells become less sensitive to insulin and, over time, the pancreas may also become unable to produce enough insulin. This case study focuses on Type 2 diabetes (NHS, 2025; Diabetes UK, n.d.-a).

The risk of Type 2 diabetes is influenced by biological and lifestyle factors. Important risk factors include excess body weight, especially abdominal fat, physical inactivity, an unhealthy diet, increasing age, family history and previous gestational diabetes. Risk is also higher in some ethnic groups. However, Type 2 diabetes can also occur without obesity because genetic, biological and behavioural factors interact (Diabetes UK, n.d.-a).

Education in a GP surgery can improve self-management by helping patients understand their medicines, blood glucose results, diet and physical activity. It can also help them recognise hyperglycaemia or hypoglycaemia and know when to seek advice. Education should be person-centred and adapted to individual needs. NICE recommends structured education as part of Type 2 diabetes care (NICE, 2026).

2. Blood Sugar Regulation

The body keeps blood glucose within a stable range through homeostasis. Homeostasis is the maintenance of a stable internal environment despite changes such as eating, fasting and exercise. In a person without diabetes, fasting blood glucose is normally around 4–6 mmol/L, although clinical targets vary between individuals. Blood glucose regulation mainly uses negative feedback: when glucose rises, the body activates processes that lower it, and when glucose falls, processes are activated to raise it.

Glucose is needed for energy production, especially in the brain and muscles. Persistent hyperglycaemia can damage blood vessels and increase the risk of cardiovascular, kidney, nerve, eye and foot complications. Blood glucose below approximately 4 mmol/L is generally considered hypoglycaemia and may cause sweating, trembling, dizziness, confusion, seizures or loss of consciousness (NHS, 2025; Tortora and Derrickson, 2021).

Following a meal containing carbohydrates, digestive enzymes break them down into glucose. The glucose then enters the circulation, causing blood glucose levels to rise. Pancreatic beta cells detect this increase and respond by secreting insulin.

Insulin binds to receptors on target cells and promotes glucose uptake. In skeletal muscle and adipose tissue, insulin causes GLUT4 transport proteins to move to the cell membrane, allowing glucose to enter the cells. The glucose can then be used immediately in cellular respiration or stored for later use.

Insulin also encourages the liver and skeletal muscles to convert excess glucose into glycogen, a process called glycogenesis. It reduces the liver’s production and release of glucose. As blood glucose returns towards its normal range, insulin secretion decreases. This is an example of negative feedback (Hall and Hall, 2021).

During fasting, between meals or during prolonged physical activity, blood glucose may fall. Alpha cells in the pancreas detect this and release glucagon. Glucagon acts mainly on the liver, where it stimulates glycogenolysis, the breakdown of stored glycogen into glucose. It also supports gluconeogenesis, in which the liver produces new glucose from substances such as amino acids, lactate and glycerol. Glucose is then released into the bloodstream, raising its level towards the normal range.

Insulin lowers blood glucose after meals, while glucagon raises it during fasting. The pancreas, liver, muscles and adipose tissue all contribute to this control system.

In Type 2 diabetes, muscle, liver and fat cells become less responsive to insulin. At first, the pancreas compensates by producing more insulin, but beta cells may gradually lose function. The liver may also continue releasing glucose even when blood glucose is already high. Consequently, glucose remains in the bloodstream instead of entering cells efficiently. In the case study, explaining this process can help patients understand why management may require dietary changes, physical activity, medication and regular monitoring (Diabetes UK, n.d.-a; Hall and Hall, 2021).

 Table  1.  Regulation of blood glucose by insulin and glucagon. Source : Author`s own work, based on Hall and Hall (2021) and Tortora and Derrickson (2021)

When blood glucose rises

When blood glucose falls. 

As shown in Figure 1 , insulin lowers blood glucose after a meal, while glucagon raises it during fasting.


3. Oxygen and Glucose in Cellular Metabolism

Cellular respiration is the series of chemical reactions through which cells release usable energy from glucose. When oxygen is available, aerobic respiration can be summarised as:

Glucose + oxygen → carbon dioxide + water + energy in the form of ATP

The chemical equation is:

C₆H₁₂O₆ + 6O₂ → 6CO₂ + 6H₂O + energy

ATP, or adenosine triphosphate, is the cell’s main energy carrier. It is required for muscle contraction, nerve impulse transmission, active transport across cell membranes, protein synthesis, growth and tissue repair (OpenStax, 2022).

Glycolysis is the initial stage of cellular respiration and occurs in the cytoplasm. During this process, one glucose molecule is split into two pyruvate molecules. A small amount of ATP is generated, together with NADH, which carries energetic electrons to later stages.

In the presence of oxygen, pyruvate moves into the mitochondria and is changed into acetyl coenzyme A. It then enters the Krebs cycle, where carbon dioxide is released and small quantities of ATP are formed. The process also produces NADH and FADH₂, which transfer electrons to the next stage.


Oxidative phosphorylation takes place at the inner mitochondrial membrane. Electrons carried by NADH and FADH₂ pass through the electron transport chain, releasing energy that helps form a proton gradient. ATP synthase uses this gradient to generate ATP, while oxygen accepts the electrons at the end of the chain and contributes to the formation of water.
If oxygen is unavailable or insufficient, oxidative phosphorylation cannot proceed normally. Cells may continue producing a limited amount of energy through anaerobic glycolysis, during which pyruvate is converted into lactate. However, this pathway generates only two ATP molecules from each glucose molecule and is therefore considerably less efficient.

This is relevant to diabetes because long-term vascular damage and poor circulation may reduce oxygen delivery to tissues, particularly in the lower limbs. However, lactate production during exercise is different from diabetic ketoacidosis. DKA develops mainly because of severe insulin deficiency. When glucose cannot be used effectively, the body breaks down fat and produces acidic ketone bodies. DKA is more common in Type 1 diabetes, but it can occasionally occur in Type 2 diabetes (Diabetes UK, n.d.-b).






Table 2. Main stages of aerobic cellular respiration. Source : Author`s own work, based on OpenStax (2022) and Tortora and Derrickson (2021)




4. Recording and Tracking Blood Sugar Levels

Monitoring helps patients and clinicians assess how effectively diabetes is being controlled and identify the effects of food, exercise, stress, illness and medication.

One method is capillary self-monitoring with a blood glucose meter. The patient uses a lancet to obtain a small drop of blood, places it on a test strip and receives a reading for that moment. Testing may be useful around meals, during illness, when hypoglycaemia is suspected or when treatment changes.

HbA1c is a blood test that reflects average glucose exposure over approximately the previous two to three months. It measures the amount of glucose attached to haemoglobin in red blood cells. HbA1c helps the healthcare team assess longer-term glucose control, but it does not show daily fluctuations or individual high and low readings (Diabetes UK, 2025a).

Continuous glucose monitoring, or CGM, uses a small sensor placed under the skin. Systems such as Dexcom and Freestyle Libre measure glucose in interstitial fluid and send readings to a smartphone or receiver. They display current glucose levels, trend arrows and day-to-night patterns. Some systems provide alerts for high or low glucose. Because CGM measures interstitial rather than blood glucose, readings may sometimes lag when glucose changes rapidly (Diabetes UK, 2025b).

 However, routine finger-prick testing is not necessary for every adult with Type 2 diabetes. NICE recommends CGM for selected insulin-treated patients, including some people experiencing recurrent or severe hypoglycaemia (NICE, 2026).


Table 3. Comparison of finger-prick testing, HbA1c and continuous glucose monitoring (CGM)
 
	Method
	What it shows

	Finger-prick testing
	Glucose level at one moment

	HbA1c
	Average glucose over the previous 2-3 months

	CGM
	Glucose levels and trends throughout the day and night




5. Evidence-Based Lifestyle Recommendations

Lifestyle advice should be realistic, individualised and non-judgemental. The practice nurse should consider the patient’s health, culture, finances, abilities and readiness to change.
There is no single diet suitable for every person with diabetes. A balanced eating pattern may include vegetables, pulses, wholegrains, fibre-rich foods, lean protein and unsaturated fats. Patients should reduce sugar-sweetened drinks, foods high in added sugar and frequent large portions of refined carbohydrates such as sweets, white bread and pastries. Portion size is important because even nutritious carbohydrate-containing foods can raise glucose when eaten in large amounts.

Low-glycaemic-index foods may produce a slower rise in blood glucose, but glycaemic index should not be considered alone. The total amount of carbohydrate, meal composition and portion size also matter. A Mediterranean-style eating pattern may be helpful because it includes vegetables, pulses, wholegrains, fish, nuts and plant oils. Dietary advice should be agreed with the patient rather than imposed as rigid restrictions (NICE, 2026).

Physical activity improves insulin sensitivity, meaning that body cells respond to insulin more effectively. Working muscles can also take up and use more glucose during and after activity. Regular exercise supports weight management, cardiovascular health, blood pressure, cholesterol and emotional wellbeing.

Adults should aim for at least 150 minutes of moderate-intensity physical activity each week or 75 minutes of vigorous activity, depending on health and ability. Muscle-strengthening activity on at least two days per week is also recommended. Suitable activities include brisk walking, swimming, cycling and resistance exercises. The plan should begin at a manageable level and increase gradually. People with complications or other medical conditions may need professional advice before increasing their activity (UK Chief Medical Officers, 2019).

Smoking is especially harmful for people with diabetes because both smoking and diabetes damage blood vessels. Smoking may increase insulin resistance and make blood glucose more difficult to control. It also increases cardiovascular risk and contributes to poor circulation, delayed wound healing and foot complications (CDC, 2024).

The practice nurse should ask about smoking respectfully, explain the benefits of stopping and offer evidence-based support. This may include behavioural counselling, referral to an NHS Stop Smoking Service and discussion of suitable treatments such as nicotine replacement therapy, varenicline or cytisine, depending on clinical suitability and current guidance. Combining behavioural support with appropriate medication is generally more effective than expecting a patient to stop without assistance (NICE, 2025).

Patients should also take prescribed medicines, attend diabetes reviews and monitor blood pressure, cholesterol, kidney function, eyes and feet. Where appropriate, gradual weight loss may improve insulin sensitivity. 
In the case study, patients could choose achievable goals, such as replacing sugary drinks, walking regularly or accepting stop-smoking support. Progress could then be reviewed and the care plan adjusted.






6. Conclusion

Type 2 diabetes develops when body tissues become less responsive to insulin and the pancreas can no longer compensate fully. Glucose therefore remains in the bloodstream instead of entering cells efficiently. In a healthy system, negative feedback maintains glucose balance: insulin promotes glucose uptake and storage after meals, while glucagon stimulates the liver to release glucose when levels fall.

Inside cells, glucose and oxygen are used in aerobic respiration to produce ATP for essential body functions. HbA1c, capillary blood glucose testing and, where appropriate, continuous glucose monitoring can help assess treatment effectiveness and identify unsafe patterns. The monitoring method should reflect the individual patient’s treatment, risks and needs.

Balanced nutrition, regular aerobic and resistance activity, weight management where appropriate, smoking cessation and adherence to prescribed treatment can improve glucose control and reduce complications. Education in a GP surgery is therefore essential because it enables patients to understand their condition, interpret information and participate actively in their care. Effective Type 2 diabetes management requires a person-centred partnership between the patient, the practice nurse and the wider healthcare team.

References
Centers for Disease Control and Prevention (CDC) (2024) Diabetes and smoking. Available at: https://www.cdc.gov/diabetes/risk-factors/diabetes-and-smoking.html⁠(Accessed: 31 July 2026).

Diabetes UK (2025a) Continuous glucose monitors. Available at: https://www.diabetes.org.uk/about-diabetes/looking-after-diabetes/technology/continuous-glucose-monitors⁠ (Accessed: 31 July 2026).

Diabetes UK (2025b) HbA1c and what it means. Available at: https://www.diabetes.org.uk/about-diabetes/looking-after-diabetes/hba1c⁠ (Accessed: 31 July 2026).

Diabetes UK (n.d.-a) Diabetes and giving up smoking. Available at: https://www.diabetes.org.uk/living-with-diabetes/life-with-diabetes/help-with-giving-up-smoking⁠ (Accessed: 31 July 2026).

Diabetes UK (n.d.-b) Differences between Type 1 and Type 2 diabetes. Available at: https://www.diabetes.org.uk/diabetes-the-basics/differences-between-type-1-and-type-2-diabetes⁠ (Accessed: 31 July 2026).

Diabetes UK (n.d.-c) Type 2 diabetes risk factors. Available at: https://www.diabetes.org.uk/about-diabetes/type-2-diabetes/diabetes-risk-factors⁠ (Accessed: 31 July 2026).

Hall, J.E. and Hall, M.E. (2021) Guyton and Hall textbook of medical physiology. 14th edn. Philadelphia: Elsevier.
National Health Service (NHS) (2023) Low blood sugar (hypoglycaemia). Available at: https://www.nhs.uk/conditions/low-blood-sugar-hypoglycaemia/⁠ (Accessed: 31 July 2026).

National Health Service (NHS) (2025) Type 2 diabetes. Available at: https://www.nhs.uk/conditions/type-2-diabetes/⁠ (Accessed: 31 July 2026).

National Institute for Health and Care Excellence (NICE) (2025) Tobacco: preventing uptake, promoting quitting and treating dependence. NICE guideline NG209. Available at: https://www.nice.org.uk/guidance/ng209⁠ (Accessed: 31 July 2026).

National Institute for Health and Care Excellence (NICE) (2026) Type 2 diabetes in adults: management. NICE guideline NG28. Available at: https://www.nice.org.uk/guidance/ng28⁠ (Accessed: 31 July 2026).

OpenStax (2022) Anatomy and physiology 2e: carbohydrate metabolism. Houston, TX: OpenStax, Rice University. Available at: https://openstax.org/books/anatomy-and-physiology-2e/pages/24-2-carbohydrate-metabolism⁠ (Accessed: 31 July 2026).

Tortora, G.J. and Derrickson, B. (2021) Principles of anatomy and physiology. 16th edn. Hoboken, NJ: Wiley.

UK Chief Medical Officers (2026) UK Chief Medical Officers’ physical activity guidelines. London: Department of Health and Social Care. Available at: https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report/uk-chief-medical-officers-physical-activity-guidelines⁠(Accessed: 31 July 2026).


Blood glucose falls


Alpha cells release glucagon


Liver breaks down glycogen and releases glucose


Blood glucose rises towards normal


Glycolysis
Cytoplasm
Glucose→2pyruvate
2 ATP + NADH


Krebs Cycle
Mitochondrial matrix
CO2 + a small amount of ATP 
NADH + FADH2


Oxidative phosphorylation 
Inner mitochondrial membrane
Oxygen is used
Most ATP is produced


Blood glucose rises


Beta cells release insulin


Glucose enters and is stored as glycogen


Blood glucose falls towards normal


2

image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




