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        Introduction

        This course introduces parts of the body and processes involved in the development of diabetes.

        This OpenLearn course provides a sample of Level 1 study in Science.
        

        This course is the English version of Living with diabetes, which is also available in Chinese. 
        

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	define and use, or recognise definitions and applications of, each of the terms printed in bold in the text

        

        
          	explain how diabetes is diagnosed

        

        
          	describe the different types of diabetes and their possible causes

        

        
          	describe some of the structures and chemical changes involved in glucose regulation within the body

        

        
          	discuss the factors that make people prone to developing diabetes, including genetic aspects.

        

      

    

  
    
      
        1 Defining diabetes

        This course introduces the parts of the body and processes involved in the development of diabetes. Type 1 and Type 2 diabetes
          are similar but distinct conditions and, for doctors, it is not always easy to decide which type of diabetes someone has.
          Does this matter, and is one type of diabetes worse than the other? There are many misconceptions about diabetes among health
          care professionals and the population in general. We hope this course will help you to explore and clarify your ideas about
          diabetes, starting with Activity 1.
        

        
          
            Activity 1: Defining diabetes

          

          
             0 hours  20 minutes 

            
              Read Case study 1 and then think about the following questions. If you were Princess Rodgers' GP how would you explain diabetes
                to her? Make notes about how you would define diabetes. Do you know of different types of diabetes? Is one form more serious
                than another? If so, why?
              

              Keep your notes safely so you can use them to compare what you think now with your understanding later in this course.

              
                
                  Case study 1

                

                
                  Mrs Princess Rodgers was born in Jamaica but has lived in England for the last 50 years. She is now 55 years old and visited
                    her GP last week seeking treatment for thrush. She returns a week later because it is no better. At her original visit the
                    GP took the opportunity to take a number of blood tests, including a test for her blood glucose. On her return visit Mrs Rodgers
                    is told that one of the tests has indicated that she has diabetes.
                  

                  Mrs Rodgers suddenly feels very guilty about the four teaspoons of sugar she puts in her tea and is sure that that is why
                    her diabetes has occurred. She is no longer listening to the GP but thinking about stopping the sugar, as she is sure this
                    will cure her diabetes. She decides that she must have the mild kind like her granny who lived to be 84 years old.
                  

                

              

            

            View discussion - Activity 1: Defining diabetes

          

        

      

    

  
    
      
        2 What is diabetes?

        Diabetes mellitus is a condition in which the glucose level in the blood is higher than it should be. The word ‘diabetes’ comes from the Greek
          word for ‘siphon’. A siphon is a way of removing liquid, and diabetes is used to describe disorders that remove liquid from
          the body, resulting in excessive thirst and the production of large amounts of urine. There are two forms of diabetes, diabetes
          mellitus and diabetes insipidus, of which diabetes mellitus is the more common. The word ‘mellitus’ comes from the Latin word
          for ‘honeyed’. Diabetes mellitus, therefore, describes a condition that produces ‘sweet urine’. This production of sweet urine
          occurs as a result of a high glucose level in the blood. Some of the glucose enters the urine, making it taste sweet. Glucose is a type of simple sugar that is
          a building block of more complex sugars called carbohydrates. Diabetes mellitus has been known for thousands of years, having been described by the Ancient Egyptians and the Romans.
          Over the years more and more has been discovered about diabetes mellitus, and the way it is diagnosed has been refined.
        

        Diabetes insipidus is a different condition that will not be discussed in any detail. It is a very rare condition caused by the lack of a hormone
          needed to concentrate urine. This hormone is produced in the brain. Diabetes insipidus shares the name diabetes as it also
          results in the production of large quantities of urine, but has nothing to do with how the body manages glucose.
        

        This course is aimed at developing an understanding of diabetes mellitus. Throughout the course the term diabetes will be
          used to describe diabetes mellitus, unless otherwise indicated.
        

      

    

  
    
      
        3 Parts of the body and hormones involved in diabetes

        
          3.1 Introduction

          The main role of glucose within the body is as a fuel but it also contributes to the fabric (tissue) by attaching to proteins.
            In people without diabetes, the blood glucose levels are kept within very narrow limits. The body does not allow them to become
            too high or too low. Several parts of the body are involved in this process. Some are large, for example the liver, and some
            are very small, such as the cells within the pancreas. Cells are small building blocks of the body and cannot be seen with the naked eye. In the human body
            there are many different types of cell doing many different tasks.
          

          Hormones are signalling substances produced by cells that start or stop body processes. There are many different hormones acting all
            over the body. Insulin is an example of a hormone that is produced by the pancreas. Other examples that you may have heard
            of include thyroid hormone, testosterone and oestrogen. Hormones that are released into the blood and are taken around the
            body to where they work are called endocrine hormones and are produced by endocrine glands. Thyroid hormone, testosterone and oestrogen are examples of endocrine hormones and the thyroid gland, testes and ovaries
            are the endocrine glands that produce them. You may have heard the term endocrinologist used to describe the doctor looking
            after patients with hormone disorders.
          

        

        
          3.2 Pancreas

          The pancreas is a structure (an organ) that lies towards the back of the abdomen, the part of the body between the chest and the pelvis
            (hips). The abdomen contains the stomach, liver, spleen, pancreas, intestines and other structures. The pancreas is near the
            liver and the spleen (Figure 1) and opens into the small intestine.
          

          
            [image: Figure 1]

            Figure 1 Diagram showing the location of the liver, stomach and pancreas and other components of the gut within the abdomen.
              You do not need to remember the names of all the other structures shown: they are included for completeness
            

          

          The pancreas produces many substances, including the endocrine hormones insulin and glucagon. The cells that produce these
            hormones are situated in the pancreas within the islets of Langerhans (Figure 2). The islets comprise, amongst others, alpha and beta cells. The beta (β) cells produce insulin. The alpha (α) cells produce
            glucagon.
          

          
            [image: Figure 2]

            Figure 2 Diagram showing the α and β cells in the islets of Langerhans in the pancreas (not to scale)

          

          If the pancreas is severely damaged or removed for some reason then no insulin is produced in the body and diabetes results.

        

        
          3.3 Gut

          The gut, or digestive tract, is where the food we eat is broken down (digested) and absorbed into the blood. The key food
            groups are fats, carbohydrates and proteins; vitamins and minerals are also required for a healthy diet and of course we need
            water too.
          

          Examples of foods that are mainly protein are meat, fish, pulses and soya products. Fats, including butter and oil, are found
            in a range of foods, such as cheese and cream. Carbohydrates are found in bread, potatoes, rice and pasta, as well as within
            sugary foods and drinks. Vitamins and minerals are found in many foods, especially fruit and vegetables.
          

          Within the gut, chemicals known as enzymes break down food into smaller components. Fats are broken down into fatty acids,
            carbohydrates into glucose, and proteins into amino acids. These smaller components can then be absorbed through the wall
            of the small intestine and transported in the blood to various parts of the body to provide energy or to be used as building
            blocks for growth (Figure 3). The level of glucose in the blood is altered by what and how much we eat.
          

          
            [image: Figure 3]

            Figure 3 Diagram showing how food is broken down into smaller units within the gut and then absorbed into the blood through
              the wall of the small intestine
            

          

          
            
              SAQ 1

            

            
              
                
                  Question: Which do you think will result in more glucose in the gut: a carbohydrate-rich meal, or a protein-rich meal?
                  

                

              

              View answer - SAQ 1

            

          

          When you read food labels you will find that some foods list sugars as glucose or fructose. Fructose is a sugar, like glucose.
            Unlike complex carbohydrates, these simple sugars do not need breaking down as they are already in the required small units
            and so can be absorbed easily and quickly.
          

          The speed with which food is broken down and absorbed depends on the combinations of food eaten and their exact composition.
            People with diabetes often notice that eating a mixed meal that includes protein, fat and carbohydrate has a different effect
            on their blood glucose levels compared with a meal that consists of carbohydrate alone. Try Activity 2 below in order to think about this further.
          

          
            
              Activity 2: The effect of drinking a sugary drink

            

            
               0 hours  5 minutes 

              
                Make brief notes on the effect that a drink containing a lot of sugar such as glucose might have on the blood glucose level
                  of an individual without diabetes. Examples of high-sugar drinks that you may know are Lucozade® and non-diet Coca-Cola®.
                

              

              View discussion - Activity 2: The effect of drinking a sugary drink

            

          

          In people who are diagnosed with diabetes, the term hypoglycaemia refers to the condition where the blood glucose level falls below 4 mmol/l and hyperglycaemia to the condition where the blood glucose level rises above 11 mmol/l.
          

        

        
          3.4 Liver

          The liver lies towards the right of the abdomen, as you saw in Figure 1. It is a large and important organ in the body, with many functions. It is important in helping control glucose levels, which
            it does by storing glucose. To do this it changes glucose into glycogen, a substance made of chains of glucose units stuck together. You can think of glycogen as a storage form of glucose. If there
            is plenty of glucose in the blood, the body makes glycogen to use later, at times when glucose is scarce. For example, to
            keep the blood glucose level constant in the body overnight, when one is not eating (fasting), the liver slowly releases glucose from its glycogen stores. After a meal when there is plenty of glucose, the liver stores
            it again. Similarly when you exercise and need fuel the liver can slowly release glucose to provide energy (see Figure 4).
          

          It is also useful to know that insulin (which we shall discuss later in Section 3.7) tends to stimulate the liver to take up glucose.
          

        

        
          3.5 Muscle

          There are different sorts of muscle in the body and they have different functions. Skeletal muscles are the muscles that, for example, are used for movement in your arms and legs.
          

          Skeletal muscles store glucose as glycogen (Figure 4) and are able to use glucose as a fuel. Insulin stimulates muscles to take up glucose, and while exercising, as muscles are
            active, the glucose is released from endogenous glycogen and also taken up from the blood. Thus exercise is important for
            maintaining healthy levels of blood glucose.
          

          
            
              SAQ 2

            

            
              
                
                  Question: People with diabetes who exercise can find that their blood glucose levels can fall too low. How does this happen?
                  

                

              

              View answer - SAQ 2

            

          

          In people without diabetes the body regulates the amount of insulin produced by the pancreas, and production decreases when
            exercise takes place to stop the blood glucose level from going too low. When tablets are taken for diabetes to stimulate
            the pancreas to produce insulin, or insulin itself is taken as an injection, then adjustments to therapy may be required when
            exercise is undertaken. This may not be possible at short notice. If too much insulin is available and insufficient food is
            eaten when exercise takes place, then the blood glucose level will fall too low and hypoglycaemia results.
          

          Occasionally exercise can result in a high blood glucose level (hyperglycaemia) in people with diabetes. This happens if too
            little insulin is available when exercise takes place. The various hormones that are released on exercising, such as adrenalin,
            can act to increase the blood glucose level.
          

          Case study 2 shows how difficult it can be to make appropriate adjustments to insulin and food intake when exercising.

          
            
              Case study 2

            

            
              Yusuf Idris is aged 18 years. He was diagnosed with diabetes and started on insulin two months ago. He has been a keen badminton
                player since the age of 10. His uncle was in the Malaysian national team. Last week he played a match for the first time since
                his diagnosis. He took his usual insulin at lunch time but ate a large portion of apple pie to try and stop his glucose going
                too low while playing badminton that afternoon. At the end of the first game he began to feel tired and started to miss shots.
                He was not sure if it was because he had not played for a while but he checked his blood glucose level and found it to be
                only 2 mmol/l. For this week's match he has come determined to make sure his blood glucose does not go low again. He has cut
                his lunchtime insulin dose, eaten extra carbohydrate and brought along a snack to eat at the end of each game. He has also
                decided to check his glucose level at the start of playing and between games so he can have a better idea about what is happening.
              

            

          

        

        
          3.6 Fat

          You may have heard people make comments about their metabolism, for example ‘I am fat because I have a slow metabolism’. Your metabolism refers to all the things that are going on in your
            body to keep you alive. Different people have different metabolic rates. Some people have low metabolic rates and some have
            high metabolic rates. Metabolic rate may play a part in someone's weight but it is not usually the whole cause of being fat
            or thin. Glucose metabolism refers to the way in which glucose is processed in the body.
          

          Fatty acids are released from fat and can be broken down in cells to produce energy. Ketone bodies, or ketones, are some of the products made when fatty acids are metabolised or processed.
          

          Until the mid-1990s it was thought that fat tissue had little function other than as a fuel store. Although fat tissue is
            indeed a very important fuel source, it is now known that fat tissue also has many hormone-producing functions. Fat tissue
            is an important store for fat, which can be converted into fatty acids (Figure 4).
          

          
            
              SAQ 3

            

            
              
                
                  Question: What are the other glucose stores?
                  

                

              

              View answer - SAQ 3

            

          

          Insulin stimulates glucose uptake into fat cells as well as into liver and muscle cells. A lack of insulin promotes the release
            of fatty acids from fat into the blood. As already mentioned the body tries to keep the glucose level tightly controlled.
            Overnight when one is fasting, fatty acids are released and can be used as a fuel. The way fat is broken down from fat stores
            is complex. Often the body breaks down fat and carbohydrate stores from the liver or muscles together. Fatty acids are produced
            which enter the metabolic pathways of the body and are used as fuel, and ketones are not formed. If fatty acids are broken
            down when little carbohydrate is available, they cannot be used normally as a fuel. Ketones are then produced from the fatty
            acids, and these ketones can be used as a fuel, as happens overnight when fasting, or in diabetes. If a person does not eat for a long time, then the
            body adapts to use the ketones as a fuel source, but excessive ketone production may be poisonous.
          

          Insulin is very important in determining whether or not ketones are made. After eating, the insulin level is high which encourages
            glucose uptake into cells and hence suppresses ketone production. When fasting, the lower level of insulin allows ketones
            to form, but there is usually enough insulin to stop a build up of ketones. In people with diabetes who do not have insulin,
            the levels of ketones can build up. When the levels become too high the blood becomes acidic, a condition called ketoacidosis, and the person can become seriously ill.
          

          Ketones can be detected in the urine (ketonuria) of a person after a prolonged fast, due to fat breakdown in the absence of carbohydrate. In people without diabetes ketonuria
            is not important and just means they have not eaten for a long time. In people with diabetes the presence of ketones in the
            urine can mean that they do not have enough insulin and that they are becoming unwell. Detection of ketones is an important
            part of helping people to manage their diabetes, especially if they are unwell.
          

          The relationship between glucose, liver, skeletal muscle and fat is illustrated in Figure 4.
          

          
            [image: ]

            Figure 4 The relationship between glucose in the blood and its storage and release from skeletal muscle, liver and fat tissue

          

          Glucose can pass easily between the blood and the liver and back again. This is shown by the two-way arrow in Figure 4. Glucose
            can also pass easily into the skeletal muscle and fat tissues, but in these cases glucose does not pass back into the blood.
            In skeletal muscle glucose is converted into glycogen and glucose released from glycogen is used to fuel muscle contraction.
            Fat tissue converts glucose into fatty acids and thence to fat, and when fat is broken down in normal metabolism fatty acids
            are produced again, and may be released back to the blood, and taken up by the liver. Here they are metabolised for energy
            and if insufficient carbohydrate is present ketones may be produced.
          

          Case study 3 illustrates what can happen when someone with diabetes becomes unwell with an infection.

          
            
              Case study 3

            

            
              Miss Williams has had diabetes, that has been treated with insulin, for 50 years. She is now aged 80 and lives in a nursing
                home. Last winter she had a bad chest infection that stopped her from eating. Although she knew the important rule about never
                stopping her insulin she was too unwell to notice that her carers had not injected her insulin for her. Her carers thought
                that as she was not eating much, she would not need it. Very quickly Miss Williams became seriously ill. Although she had
                not eaten for 24 hours, by the time she was admitted to hospital her glucose level was 64 mmol/l (dangerously high), there
                were large quantities of ketones in her urine, and her blood, when tested at the hospital, contained more acid than it should.
                She had developed ketoacidosis because she had missed her insulin and sufficient glucose could not enter the cells and be
                used as a fuel.
              

              With intravenous fluids and insulin Miss Williams made a good recovery.

            

          

        

        
          3.7 Insulin

          Insulin is a hormone produced by the pancreas. It has many actions, but is particularly important in keeping the blood glucose level
            normal.
          

          
            
              SAQ 4

            

            
              
                
                  Question: How does insulin help to keep the blood glucose level within the normal range?
                  

                

              

              View answer - SAQ 4

            

          

          As insulin helps glucose to enter cells it makes sense that we produce insulin when we eat and the blood glucose level is
            going up. The insulin prevents the glucose level in the blood from going too high. Between meals and overnight the insulin
            level drops down. This allows the glucose level to stay within the tight range that the body needs to function normally. If
            the insulin level did not drop then the blood glucose level would become too low. You have already learnt that the liver,
            muscle and fat all store glucose when there is plenty about. Insulin allows these tissues to take up glucose and store it.
            Insulin also stops glucose from being released from the liver.
          

          The brain is the only organ in which glucose uptake is not controlled by insulin. This is important, because otherwise the
            amount of glucose available for the brain to use would vary as insulin levels went up and down. Instead the brain relies on
            mechanisms in other parts of the body to keep the blood glucose levels within a narrow range. The brain does not function
            properly if glucose levels in the blood drop below normal.
          

          It is clear that insulin is needed to stop blood glucose levels from going too high. Diabetes occurs when there is no insulin
            or not enough insulin (insulin deficiency). Figure 5 summarises the actions of insulin and the consequences of a lack of, or insufficient, insulin. Diabetes can also occur when
            the insulin present does not function properly because the body cannot respond to (‘is resisting’) its actions (insulin resistance). Obesity is a common cause of insulin resistance and can lead to diabetes. Obesity is defined as greatly elevated body weight in relation
            to height (see body mass index in Activity 6), to an extent which is associated with a serious increased risk to health.
          

          
            [image: Figure 5]

            Figure 5 Diagram of insulin actions and the consequences of a lack of insulin

          

          Click to view larger PDF version of Figure 5

        

        
          3.8 Glucagon

          Glucagon is another hormone produced by the pancreas.
          

          
            
              SAQ 5

            

            
              
                
                  Question: Can you recall which cells make glucagon?
                  

                

              

              View answer - SAQ 5

            

          

          Glucagon causes an increase in the blood glucose level. The glucagon level in the blood tends to decrease as the glucose level increases and increases
            when the level of glucose decreases. It works in the opposite direction to insulin. It stimulates the liver to break down
            glycogen (the molecule synthesised from glucose that acts as a glucose store) and release glucose into the blood.
          

          You may wonder why the body needs a hormone to increase glucose levels. Besides having to avoid circumstances where blood
            glucose is too high, the body also needs to be protected from glucose levels that are too low, as the brain does not function
            properly in these circumstances, as you saw earlier. There are lots of hormones that increase glucose levels by stimulating
            glycolysis, and glucagon is one of the most important.
          

          You have been reading about some very complex processes in the body. Try Activity 3 to see if your knowledge of the processes involved in diabetes has increased.
          

          
            
              Activity 3: The effect of drinking a sugary drink – revisited

            

            
               0 hours  10 minutes 

              
                Make brief notes on the effect that a drink containing a lot of glucose or digestible sugar might have on blood glucose level,
                  in:
                

                
                  	
                    (a) someone with diabetes; and

                  

                  	
                    (b) someone without diabetes.

                  

                

              

              View discussion - Activity 3: The effect of drinking a sugary drink – revisited

            

          

        

      

    

  
    
      
        4 How to diagnose diabetes

        Diabetes is a condition that results in an increased concentration of blood glucose and for diagnosis, accurate measurements
          of blood glucose levels are required. Blood glucose levels can be measured on different samples of blood. Sometimes the whole
          of the blood sample is used. This occurs when finger prick samples are measured on small personal meters. For more accurate
          measurements, the sample of blood is taken to a laboratory and the blood cells are removed. Measurements are then made on
          the liquid remaining, called plasma. (The terms ‘plasma glucose’ or ‘plasma cholesterol’ may be familiar to you.) The results using the whole blood sample and
          the plasma sample will be slightly different because the presence of blood cells affects the test, so it is important to know
          which is being quoted.
        

        We have already mentioned that the body normally keeps the glucose level controlled. When this control is lost the person
          has diabetes. It is worth spending a few minutes thinking about how the control of the glucose level might be lost.
        

        
          
            SAQ 6

          

          
            
              
                Question: From what you have read so far, describe the possible patterns of insulin production in a person without diabetes.
                

              

            

            View answer - SAQ 6

          

        

        The level of glucose that is used to diagnose diabetes is defined by the World Health Organization. The value of the level
          has been changed over the years and was most recently updated in 1999 (WHO, 1999).
        

        
          
            A person with symptoms of diabetes and a venous plasma glucose taken at random (i.e. measured at any time) equal to or more than 11.1 mmol/l has diabetes.
            

          

        

        If a patient has no symptoms or their random level is not definitely abnormal, then two abnormal plasma glucose levels are required for a diagnosis. These tests should be performed on different occasions.
        

        Most commonly, the diagnosis of diabetes is made using fasting plasma glucose levels. The person having the test should fast
          for 8–14 hours before the test is carried out (the test is usually done in the morning after an overnight fast, before any
          food is consumed).
        

        
          
            A fasting plasma glucose greater than or equal to 7.0 mmol/l is abnormal.

          

        

        When there is uncertainty about the diagnosis an oral glucose tolerance test (OGTT) is used. For example, in someone with fasting plasma glucose between 6 and 7 mmol/l, the doctor may consider performing an
          OGTT to be sure that the person does not have diabetes.
        

        The OGTT involves a person (adult) receiving 75 g (grams) of oral glucose, taken in the form of a drink, i.e. 75 g of anhydrous
          (dry) glucose in 250–300 ml of water. ‘Oral’ simply amount of Lucozade®. The manufacturer of Lucozade® provides information about how much needs to be taken. The drink should be taken over 5 minutes. Plasma glucose levels are
          measured prior to the glucose drink and after a period of 2 hours (the result of this test is commonly termed a ‘2-hour glucose’
          by clinicians).
        

        The person having an OGTT should:

        
          	 
            for the three days prior to the test have had an unrestricted carbohydrate diet
 
          

          	 
            do normal activity on the three days prior to the test
 
          

          	 
            fast for 8–14 hours before the test is carried out
 
          

          	 
            not smoke before or during the test.
 
          

        

        
          
            A ‘2-hour glucose’ after a 75 g oral glucose tolerance test equal to or greater than 11.1 mmol/l is abnormal.

          

        

        Either the fasting result(s) or the OGTT result(s) can be used in making a diagnosis. However, the doctor needs to be sure
          of the correct diagnosis and may need to perform further additional tests to confirm it. For example, a person with a fasting
          glucose of 7.0 mmol/l on two occasions has diabetes even if the OGTT was less than 11.1 mmol/l (for example, fasting 7.0 mmol/l
          and 2-hour glucose 9 mmol/l). Similarly, if the fasting levels are less than 7.0 mmol/l but the OGTT more than or equal to
          11.1 mmol/l on two occasions then the person has diabetes (for example, fasting glucose 6.4 mmol/l and 2-hour glucose 13 mmol/l).
        

        It is not uncommon for one of the tests to be normal and the other to be abnormal and this makes diagnosis more difficult.

        People who do not reach the criteria for diabetes may have impaired fasting glycaemia (IFG) if their blood glucose levels are 6.1–6.9 mmol/l after fasting (but before the glucose load) or impaired glucose tolerance (IGT) if their blood glucose levels are between 7.8 and 11.0 mmol/l two hours after taking 75 g of oral glucose.
        

        These elevated levels are not normal and suggest the person may be at risk of diabetes mellitus in the future. People with
          these glucose levels are not at an immediate risk of microvascular complications but are at an increased risk of macrovascular
          complications related to chronic increased glucose levels. Microvascular is used to describe the small blood vessels of the body. In patients with diabetes, changes occur within the small blood
          vessels, particularly those in the eyes and kidneys. Microvascular complications can also affect the blood supply to nerves,
          leading to nerve damage. Macrovascular is a term used to describe the large blood vessels of the body, for example those that go to and from the heart, the arms
          and the legs. In patients with diabetes, changes occur within these large blood vessels as well as in the small blood vessels.
          Chronic is a term that refers to things that take place over a long period of time.
        

        The threshold levels of blood glucose discussed above have been chosen on the basis of epidemiological data. Epidemiology is the study of diseases and risk for diseases in populations. The information has been collected in large populations of
          people with and without diabetes. One of the reasons that these levels of blood glucose have been chosen is that they are
          associated with a risk of the complications seen in people with diabetes. If people have blood glucose at these levels and
          above, they are at a much higher risk of developing diabetes complications in the long term compared with someone whose levels
          are lower.
        

        We shall discuss risk later in this course.

      

    

  
    
      
        5 Classification of diabetes

        
          5.1 Introduction

          There are several types of diabetes, including two that are common: Type 1 and Type 2. Type 2 is the most common sort of diabetes.
            Worldwide, about 90 per cent of people with diabetes have Type 2 and about 10 per cent have Type 1. The other sorts of diabetes
            account for very small numbers of people.
          

        

        
          5.2 Type 1 diabetes

          Type 1 diabetes was previously called insulin-dependent diabetes. This is because in people with Type 1 diabetes their pancreas fails to
            produce insulin and they are dependent on taking insulin for their treatment. It would be useful to look back at Figure 5 to remind yourself of the actions of insulin. As we have already discussed, without insulin glucose cannot enter tissues
            and cells, and so the plasma glucose level increases. When the plasma glucose level is high, glucose is passed out of the
            body through the kidneys in the urine. At the time of diagnosis, if the urine is tested with a urine testing stick there will
            be lots of glucose present, whether the patient has eaten or not. Water is required in order to excrete the glucose through
            the kidneys and patients often pass large amounts of urine and are therefore thirsty. Although there is plenty of glucose
            in the blood, because it cannot enter the tissues it cannot be used as a fuel source. Instead the body breaks down fat and
            protein to use as fuel. As a result, the person often loses weight very rapidly for a number of reasons, including loss of
            fluid, an inability to use glucose as a fuel, loss of muscle as protein is broken down and loss of glucose in the urine. Insulin
            is required as treatment, and is essential for survival. A person with Type 1 diabetes should never stop their insulin even
            when they are unwell and not eating.
          

          Type 1 diabetes can develop at any age although it is seen more commonly in children and young adults.

          The characteristics that indicate Type 1 diabetes are:

          
            	 
              rapid development of symptoms of hyperglycaemia (high blood glucose level), that is, frequently passing large amounts of urine,
                excessive thirst, fatigue and weight loss
              
 
            

            	 
              development of ketones; if left untreated, ketoacidosis develops.
 
            

          

          
            
              SAQ 7

            

            
              
                
                  Question: Can you recall how ketoacidosis develops?
                  

                

              

              View answer - SAQ 7

            

          

          High blood acid levels are harmful to normal body processes, and if left untreated, can cause vomiting and severe loss of
            fluid. If treatment is not given quickly the person could die. Fortunately death from ketoacidosis is a very rare event in
            the western world. If ketoacidosis does occur, therapy in hospital is usually successful, correcting the acid level and returning
            the blood glucose level to normal.
          

          Many conditions are caused by autoimmunity. The body produces substances called antibodies that usually protect the body from
            disease. If the body is attacked by an organism that it recognises from a previous infection, the antibodies are ready to
            destroy the organism. If it is a new organism that the body does not recognise, the body produces a new antibody to get rid
            of it. This may take a few days and, in the meantime, the person may be unwell with the illness. Occasionally the body produces
            antibodies which, instead of, or as well as attacking organisms, also attack parts of the body – autoimmunity. In the case
            of Type 1 diabetes the antibodies destroy the β (beta) cells in the pancreas. Where Type 1 diabetes is due to destruction
            in this way, we call it an autoimmune disease. Why this happens is unknown, but there is evidence to suggest that genes (hereditary factors) may play a part. A person with Type 1 diabetes may also have other autoimmune diseases such as thyroid
            disease. Environmental factors, for example certain toxins, may also be important in triggering the development of Type 1
            diabetes.
          

          Interestingly, worldwide, the incidence of Type 1 diabetes varies enormously. Incidence describes how many new cases of a disease have happened over a certain period
            of time (usually a year). There is a tendency to more diabetes in more Northern countries, with Nordic countries, especially
            Finland, having a particularly high incidence. The reason for this is not understood.
          

          Activity 4, which you should try now, asks you to think about Type 1 diabetes in more detail.
          

          
            
              Activity 4: Diagnosing Type 1 diabetes

            

            
               0 hours  20 minutes 

              
                Read Case study 4, which describes Jennifer's experience. As you read it, think about the features that suggest that Jennifer
                  has diabetes and why it might be Type 1 diabetes.
                

                
                  
                    Case study 4

                  

                  
                    Jennifer is 30 years old. She is married with one child. She works part time as a teacher. Over the last 4 weeks she has lost
                      6 kg in weight, dropping from 64 kg to 58 kg and is feeling tired. She has noticed that she is thirsty and has to get up frequently
                      at night to go to the toilet. She does not want to go the doctor because she is worried that she may have diabetes. Her mother
                      had diabetes, which was treated with tablets for 10 years, and she was changed to insulin shortly before she died in hospital
                      with a heart attack. Jennifer very strongly associates her mother's death with starting insulin.
                    

                    Jennifer's husband Gary notices that she is looking unwell and persuades her to see her GP.

                    The GP immediately considers the symptoms to indicate diabetes. The GP asks Jennifer to provide a sample of urine. He tests
                      it with a test stick, finding lots of glucose but no ketones. He checks a random blood glucose sample on a glucose meter at
                      the surgery. The level is 28 mmol/l. He sends a sample of whole blood to the laboratory to confirm the reading and asks her
                      to return the next day for a fasting glucose test to confirm the diagnosis.
                    

                  

                

              

              View discussion - Activity 4: Diagnosing Type 1 diabetes

            

          

        

        
          5.3 Type 2 diabetes

          Type 2 diabetes was previously called non insulin-dependent diabetes. People with Type 2 diabetes produce insulin but it may be in insufficient
            amounts and/or their cells are resistant to the action of insulin (Figure 7). Hyperglycaemic symptoms, such as thirst and passing large amounts of urine, may be absent. Ketoacidosis does not usually
            develop as there is sufficient insulin to prevent it.
          

          
            [image: Figure 7]

            Figure 7 Flow diagram showing the consequences of insulin resistance

          

          Type 2 diabetes may be present for many years before a diagnosis is made. This is because some people may have few symptoms.
            Others do not see their thirst or getting up at night to pass urine as a problem. Having diabetes for several years before
            a diagnosis is made can mean that complications of diabetes, which take years to develop, may already be present at the time
            of diagnosis. This is one of the reasons why Diabetes UK, the diabetes charity, tries to raise awareness of diabetes and supports
            screening programmes for this condition.
          

          Genes are thought to be important in the development of Type 2 diabetes. In a very rare form of Type 2 diabetes, definite
            gene defects have been identified. This condition is called maturity onset diabetes of the young (MODY), as it usually occurs before the age of 25 years. Thus in a family with a very strong family history of diabetes occurring
            before the age of 25 years this diagnosis needs to be considered. Furthermore, certain population groups, for example Asian
            and African–Caribbean people, are at an increased risk of developing Type 2 diabetes.
          

          Other factors are also important. Obesity and lack of exercise are two particularly important environmental factors thought
            to be contributing to the rapidly increasing numbers of people worldwide with Type 2 diabetes (Section 6.3). Although Type 2 diabetes has usually been considered to be a condition of adults, particularly those over 40 years old,
            it is occurring with increasing frequency in adolescents.
          

          The amount of insulin that is produced in someone with Type 2 diabetes often decreases over a period of years, although in
            some people there is a faster decline. In many people the condition is progressive, and eventually, to maintain the correct
            glucose level with the aim of preventing symptoms and decreasing the risk of complications, insulin is often required. Some
            people may in fact have slowly developing Type 1 diabetes. Thus treatment of Type 2 diabetes often starts with improvements
            to diet, i.e. changes in the amounts and types of food, and an increase in physical activity, progressing to tablets and then
            onto insulin. More tablets are added if required.
          

          
            
              All diabetes is equally important. A person with Type 2 diabetes who is being treated with modifications to diet alone can
                develop as many complications as someone with Type 1 diabetes who is being treated with insulin, because diabetes impairs
                fundamental physiological processes, energy supply to cells, and the composition of the blood.
              

            

          

          Although it may seem quite clear cut, in reality it can be difficult to decide whether a patient has Type 1 or Type 2 diabetes;
            for example, knowing that someone is on insulin therapy cannot be used to distinguish whether they have Type 1 or Type 2 diabetes.
            This is illustrated in Activity 5.
          

          
            
              Activity 5: The differences between Type 1 and Type 2 diabetes

            

            
               0 hours  30 minutes

              
                Take a few minutes to quickly re-read the last two sections on Type 1 and Type 2 diabetes and make a list of the differences
                  between the two types. If you have diabetes list the reasons why you fit into one category or another. If you do not have
                  diabetes but know someone who does, try asking them if they would mind if you tried to work out which type of diabetes they
                  had. Are you right?
                

                If your work involves people with diabetes identify two or three of them and try to decide whether they have Type 1 or Type
                  2 diabetes.
                

                If you kept your notes from Activity 1, now would be a good time to reflect on them to see if your understanding has changed.
                

                Case study 5 introduces you to John. As you read it make notes on the clues that indicate that John has Type 2 diabetes.

                
                  
                    Case study 5

                  

                  
                    John is 30 years old. He is married with two children and is buying his first house. He works as a long-distance lorry driver.
                      He has always been overweight and currently weighs 120 kg. The demands of his job leave little time for exercise. He needs
                      life insurance and his insurers have asked him to have a medical to assess his risk. He sees his GP for the first time in
                      years. He provides a urine sample that shows a large amount of glucose but no ketones. His blood pressure is high, measuring
                      160/110 mmHg. He does not smoke. A high random glucose test of 13 mmol/l is confirmed by the fasting laboratory blood tests
                      showing a plasma glucose level of 9 mmol/l and a cholesterol level of 8 mmol/l (a high value; ideally it should be about 5
                      mmol/l).
                    

                  

                

              

              View discussion - Activity 5: The differences between Type 1 and Type 2 diabetes

            

          

        

        
          5.4 Gestational diabetes

          Gestational diabetes is diabetes that develops during pregnancy. There are no internationally agreed threshold blood glucose levels used to diagnose
            gestational diabetes. However, there is a trend towards using the IGT (impaired glucose tolerance) test criteria (see Section 4). Studies are ongoing to decide what threshold level is important in pregnancy. The increased metabolic demands imposed by
            pregnancy may just be enough to make a person predisposed to diabetes to ‘tip over’ into the condition. The diabetes commonly
            resolves after the baby is delivered, but a few mothers will have had undiagnosed Type 2 diabetes or have developed coincidental
            Type 1 diabetes. Having had a diagnosis of gestational diabetes, a woman is likely to develop diabetes in future pregnancies
            and is also more likely subsequently to develop Type 2 diabetes. Lifestyle advice should be given. A change of lifestyle,
            through increasing exercise and weight reduction, has been clearly shown to delay the development of Type 2 diabetes in those
            with IGT. During the pregnancy, the woman should be treated for diabetes by changes to her diet and exercise with or without
            insulin.
          

          Case study 6 describes a person with gestational diabetes. It also introduces the idea of risk, which is discussed in Section 6.
          

          
            
              Case study 6

            

            
              Mrs Shah, aged 38 years, is 28 weeks into her fourth pregnancy. During her third pregnancy she developed gestational diabetes.
                She needed insulin to control her blood glucose level along with a change in diet. After the pregnancy she was very worried
                about developing diabetes as both her parents had had diabetes. She continued on her new diet. She now weighs 75 kg compared
                with 110 kg at the same stage during her last pregnancy. She has just had an oral glucose tolerance test for diabetes. The
                test was normal and she is delighted.
              

            

          

          As previously mentioned, a family history of diabetes increases the risk of a person developing diabetes. Asians and some
            other groups such as African–Caribbeans have an increased risk of developing diabetes compared with Caucasians. Being overweight
            would increase this risk further. Mrs Shah has done what she can to decrease her chances of developing diabetes. Weight reduction
            and exercise have been shown in several studies to reduce the risk of developing diabetes and she would have been advised
            at the end of her third pregnancy to adopt a healthier lifestyle.
          

        

        
          5.5 Other forms of diabetes

          By far the three most common types of diabetes are Type 1, Type 2 and gestational. There are other forms of diabetes but we
            will not be covering them in any more detail. These are forms due to:
          

          
            	 
              disease of the pancreas (pancreatitis)
 
            

            	 
              an excess of hormones that increase blood glucose levels, e.g. excess growth hormone
 
            

            	 
              drugs, for example, steroid therapy, which tend to oppose the action of insulin
 
            

            	 
              abnormalities of insulin (rare genetic disorders)
 
            

            	 
              other associated genetic conditions, for example, cystic fibrosis.
 
            

          

        

      

    

  
    
      
        6 Genes and risk

        
          6.1 Introduction

          Approximately 150 million people worldwide have diabetes, of which 90 per cent have Type 2 diabetes. The incidence of the
            condition is rapidly increasing. In western countries about 10 per cent of people over the age of 65 years have diabetes.
            In the UK it is thought that there are between 765 000 and 1 million people with undiagnosed Type 2 diabetes, that is, 29–36
            per cent of the total with diabetes (Watkins, 2003). These undiagnosed numbers are based on population samples where everyone
            is screened using a variety of health tests including those that diagnose diabetes.
          

        

        
          6.2 Genes

          You may have heard of the term ‘gene’ or ‘genetic’. This term refers to the way the body inherits information from each parent.
            When we are born we receive half our genetic information from one parent and the other half from the other parent. Unless
            they are identical twins, children from the same parents will have slightly different genetic information giving each of them
            their own unique character. The important genetic information is packaged in chromosomes. We usually have 46 chromosomes in
            each cell, and 23 come from each parent. Some conditions are due to a single abnormality in a chromosome. If a child inherits
            that abnormality from one parent they also have that susceptibility to developing disease. This sort of inheritance of a condition
            (called autosomal dominant) is not common but is important when it occurs: MODY is an example of this sort of inheritance.
            The mother of person A has the condition and passes it onto to A. In an autosomal dominant condition A has a 50:50 chance
            of receiving the gene from the parent with the condition (the mother) and therefore a 50:50 chance of having the condition
            themselves and therefore passing it on to the next generation.
          

          Some conditions need the child to inherit the same abnormal gene from each parent before he or she develops the disease (autosomal recessive, they are a gene carrier). If the son or daughter receives
            the gene from just one parent they do not have the condition but may pass on the abnormal gene if they have a child themselves.
            An example of a condition that is inherited in this way is cystic fibrosis. In this case, neither parent shows the condition
            but they both carry the gene. Each child has a 50:50 chance of receiving the gene from each parent. This will give on average,
            one child with two unaffected genes, one child with both affected genes and two children who each have one affected gene and
            one unaffected gene. One in four of these children will have the condition and two will be carriers on average, but a family of four children may have no affected children, or more than one affected child, simply by chance.
          

          Many conditions are multifactorial as many factors are important in developing the condition. Diabetes is thought to be a
            multifactorial condition. Genes may play a part, and it is thought that for most people with either Type 1 or Type 2 diabetes
            many different genes may be important, although environmental factors are equally or even more important.
          

        

        
          6.3 Risk

          Risk is a difficult concept. Most of what we do in life involves making choices and taking risks. Sometimes the risks are
            small, and sometimes they are large. It can be difficult sometimes to know what the risk of doing something is. Past experience
            can also influence the way we think about risk. If one was knocked over by a car crossing the road, then even though the risk
            of it happening again is small we may remain worried and concerned about crossing the road.
          

          How you explain risk is also important. As mentioned earlier, 10 per cent of people over the age of 65 years have diabetes.
            That means that 90 per cent do not. Do you think that is a high or a low risk? If it is said that 1 in 10 people has a risk
            of developing diabetes over the age of 65 years, does the risk sound greater? A 1 in 10 risk is quite high. The risk of developing
            diabetes is influenced not only by age but by the presence of other risk factors.
          

          For Type 2 diabetes many factors are important.

          
            	 
              Certain ethnic groups, e.g. people of Asian and African–Caribbean backgrounds are at an increased risk (genetic factors) when
                living western lifestyles.
              
 
            

            	 
              A family history of diabetes also increases your chances of developing diabetes (genetic factors).
 
            

            	 
              Being overweight is a risk factor. The distribution of the fat also appears to be important. A fat abdomen is more of a risk
                than fat hips.
              
 
            

            	 
              Lack of exercise. The western lifestyle and progressive decrease in walking and manual labour have increased the risk of developing
                diabetes (environmental factors).
              
 
            

            	 
              Previous gestational diabetes (a combination of environmental and genetic factors).
 
            

          

          For Type 1 diabetes factors that may be important include the following.

          
            	 
              Viruses. There is an increase in cases of diabetes in the months when viruses are more common, although the reasons for this
                seasonality are not fully understood.
              
 
            

            	 
              Breast feeding – having been breast fed as a baby may be protective against developing Type 1 diabetes.
 
            

            	 
              Genetic factors, as previously discussed.
 
            

          

          Thus, a 70-year-old Indian man who is overweight and taking no exercise and who has a strong family history of diabetes has
            a higher risk than a 70-year-old slim Indian man without a family history who takes lots of exercise. The age-adjusted incidence
            of diagnosed Type 2 diabetes is slightly higher amongst men than women.
          

          Working through Activity 6 will help you to think about risk.
          

          
            
              Activity 6: Risk of developing Type 2 diabetes

            

            
               0 hours  30 minutes 

              
                When you are next in your town, take a minute or two to look at people in a shop or restaurant. First, see if you could judge
                  how many of them might be at risk of developing diabetes and why? Then look to see if anyone seems to be at low risk of Type
                  2 diabetes and why? Finally, calculate your own body mass index (BMI) (at home, not in the town!) by dividing your weight measured in kilograms by your height in metres, multiplied by itself,
                  (expressed as kg/m2) as shown in the equation below. What do you think your body mass index means?
                

                
                  [image: ]

                

              

              View discussion - Activity 6: Risk of developing Type 2 diabetes

            

          

        

      

    

  
    
      
        Conclusion

        This course has introduced the subject of diabetes and how it is diagnosed. It has discussed the structures and processes
          in the body that are important for controlling blood glucose levels and described what goes wrong when diabetes develops.
          The differences between Type 1 and Type 2 diabetes and other forms of diabetes have been highlighted. The concepts of genetics,
          risk and risk management have been introduced.
        

        Now try to answer the following questions to test your knowledge.

        
          
            Question 1

          

          
            
              In a few sentences, outline how diabetes is diagnosed.

            

            View answer - Question 1

          

        

        
          
            Question 2

          

          
            
              Complete Table 1 to compare and contrast Type 1 and Type 2 diabetes (click to acces a printable version of the table).
              

              
                Table 1 For use with Question 2

                
                  
                    
                      	Criterion
                      	Type 1 diabetes
                      	Type 2 diabetes
                    

                    
                      	Age at onset
                      	
                      	
                    

                    
                      	Treatment
                      	
                      	
                    

                    
                      	Presence of ketones
                      	
                      	
                    

                    
                      	Cause
                      	
                      	
                    

                  
                

              

            

            View answer - Question 2

          

        

        
          
            Question 3

          

          
            
              Which hormone is important in the development of diabetes? Briefly describe its role in the development of Type 1 and Type
                2 diabetes.
              

            

            View answer - Question 3

          

        

        
          
            Question 4

          

          
            
              How might you inherit diabetes from your parent(s)?

            

            View answer - Question 4

          

        

        
          
            Question 5

          

          
            
              What factors increase the risk of someone developing Type 2 diabetes?

            

            View answer - Question 5

          

        

        
          
            Question 6

          

          
            
              Explain how obesity is defined and how body mass index is calculated.

            

            View answer - Question 6
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        Solutions

        Activity 1: Defining diabetes

        
          Discussion

          Princess Rodgers will be experiencing many emotions while being told about her diabetes, so it is important that the GP explains
            clearly to make sure she takes it in. He might need to go over his explanation more than once. It is important to spend time
            thinking about how you would define diabetes if you were asked to explain it to somebody, as this will help you to identify
            areas that you are uncertain about. It will also help you to understand that others will also have uncertainties about what
            diabetes is. There are many people like Mrs Rodgers who have misconceptions about the condition.
          

          Back to - Activity 1: Defining diabetes

        



        SAQ 1

        
          Answer

          If you eat a meal that is mainly carbohydrate you will produce more glucose in the gut to be absorbed than if you eat a meal
            that is mainly protein.
          

          Back to - SAQ 1

        



        Activity 2: The effect of drinking a sugary drink

        
          Discussion

          In people without diabetes the blood glucose levels are kept tightly controlled. Before a meal the blood glucose level is
            between 4 and 7 mmol/l. (Pronounced milly-moles per leeter, mmol/l is a unit of measurement, often used for substances within the blood. It represents the amount of substance per litre of
            blood.) After a meal the blood glucose usually peaks at less than 11 mmol/l. Drinking a sugary drink causes glucose to enter
            the blood quickly as it does not need to be broken down in the gut. The glucose makes the pancreas produce insulin, which
            will control the blood glucose level. Without diabetes the level of blood glucose usually remains less than 11 mmol/l and
            drops back to its baseline level of about 4–7 mmol/l within a couple of hours.
          

          Back to - Activity 2: The effect of drinking a sugary drink

        



        SAQ 2

        
          Answer

          Exercise lowers blood glucose levels as muscles use glucose as a fuel. Insulin circulating in the body also lowers blood glucose
            levels by making the liver take it up. The two factors together can lower blood glucose levels below levels required to support
            other tissues, e.g. the brain.
          

          Back to - SAQ 2

        



        SAQ 3

        
          Answer

          Glycogen in the liver and muscles.

          Back to - SAQ 3

        



        SAQ 4

        
          Answer

          Insulin allows glucose to enter cells and the tissues of the body. If there is no insulin then glucose cannot leave the blood
            and enter the tissues. This means that the blood glucose level just becomes higher and higher. If there is too much insulin,
            more glucose enters the tissues than it should and the blood glucose level can fall too low. This is what happens when someone
            takes more insulin than they need.
          

          Back to - SAQ 4

        



        SAQ 5

        
          Answer

          It is produced by the α (alpha) cells of the islets of Langerhans in the pancreas (see Figure 2).
          

          Back to - SAQ 5

        



        Activity 3: The effect of drinking a sugary drink – revisited

        
          Discussion

          How has your answer differed from that to Activity 2? In someone without diabetes, the blood glucose level goes up quickly and then starts to decrease, staying within normal
            limits. A person with some insulin but not enough, who drinks a sugary drink, will find their blood glucose level goes above
            the normal limits. (Blood glucose levels can reach 20 mmol/l or more after a sugary drink.) The blood glucose level comes
            down much more slowly in people with diabetes than in people who have a normal amount of insulin. The level to which it falls
            after a sugary drink depends on how much insulin is present. If there is no insulin available at all, the blood glucose level
            remains very high.
          

          Back to - Activity 3: The effect of drinking a sugary drink – revisited

        



        SAQ 6

        
          Answer

          Under normal conditions in someone who does not have diabetes, the insulin level usually matches the rises and falls in the
            level of plasma glucose. The insulin level will therefore be low when the plasma glucose level is low, as illustrated in Figure 6.
          

          
            [image: Figure 6]

            Figure 6 Levels of plasma insulin and glucose over 24 hours in someone who does not have diabetes. As the glucose level rises so does the level of insulin (The scale for the insulin curve,  in arbitrary units,
              is shown on the left-hand vertical axis, the scale for the glucose curve on the right-hand axis)
            

          

          Back to - SAQ 6

        



        SAQ 7

        
          Answer

          Ketones are produced when the body breaks down fat to use as a fuel. This would normally happen, for example, in a person
            who did not have diabetes who was fasting. If the level of insulin is not enough to provide sufficient glucose for the tissues
            to process the ketones, as in diabetes, the level of ketones builds up. This results in increased acid levels in the body
            – ketoacidosis (Section 3.6).
          

          Back to - SAQ 7

        



        Activity 4: Diagnosing Type 1 diabetes

        
          Discussion

          Jennifer has marked symptoms of hyperglycaemia. She is thirsty and is passing lots of urine, particularly at night. Jennifer
            has also had very rapid weight loss.
          

          A random glucose test on a meter in the surgery is high and well above the value needed to diagnose diabetes. If you look
            back to the WHO classification of diabetes in Section 4, only one high glucose level is needed if other symptoms are present. However, the finger-prick blood sample must be confirmed
            with a laboratory plasma sample. This may be done at the first visit and does not require the patient to return for a fasting
            test. It is common for people to think that diabetes can only be diagnosed on a blood sample taken first thing in the morning
            before eating. However, a random blood glucose test result equal to or more than 11.1 mmol/l with symptoms of diabetes is
            enough to make a diagnosis.
          

          Jennifer did not have ketones in her urine. This does not mean that she does not have Type 1 diabetes, though if they were
            present it would confirm a diagnosis of Type 1. It depends at what stage the diagnosis is made during the development of Type
            1 diabetes as to whether ketones are present. Jennifer's diagnosis has been made early, and ketones have not yet developed.
            So the speed of the symptoms coming on and the large weight loss would make one think that this patient has Type 1 diabetes.
            Jennifer will need insulin to control her blood glucose level.
          

          Back to - Activity 4: Diagnosing Type 1 diabetes

        



        Activity 5: The differences between Type 1 and Type 2 diabetes

        
          Discussion

          Sometimes it can be very easy to tell if someone has Type 1 or Type 2 diabetes. For example, someone on tablets only who has
            had diabetes for several years has Type 2 diabetes. Someone who comes to hospital or a doctor's surgery with loss of weight
            and presence of ketones and immediately starts insulin treatment has Type 1 diabetes.
          

          However, it is not always so simple. Someone who has lost only a small amount of weight, and whose plasma glucose level cannot
            be controlled with tablets and remains high after several weeks of trying to reduce it, may in fact be developing Type 1 diabetes.
            You would need to have asked the right questions to find out if they had Type 1 or Type 2 diabetes. More and more people with
            Type 2 diabetes progress to taking insulin injections as well as their tablets as time goes by. They still have Type 2 diabetes
            but need insulin to control their blood glucose levels.
          

          John fits the bill as the sort of person who would be at risk of developing Type 2 diabetes: he is overweight and takes no
            exercise. It would be interesting to know his family history, to determine if there is any genetic influence. The high level
            of glucose in his urine and random blood test is confirmed by his fasting blood glucose level of 9 mmol/l, indicating a diagnosis
            of diabetes. Without symptoms, two abnormal glucose levels are required. John's lack of symptoms and the absence of ketones
            make one think that he has Type 2 diabetes rather than Type 1.
          

          Back to - Activity 5: The differences between Type 1 and Type 2 diabetes

        



        Activity 6: Risk of developing Type 2 diabetes

        
          Discussion

          A person at higher risk of developing diabetes tends to be older, overweight and relatively inactive – you might have noticed
            people not walking very fast, or confined to a wheelchair who were also overweight. Those at low risk are leaner and more
            active. A body mass index of 20–25 kg/m2 is a healthy one, 26–30 kg/m2 is overweight and 30 kg/m2 or more indicates obesity. In 1980, 8 per cent of women and 6 per cent of men in the UK were obese – by 1998 that had almost
            trebled to 21 per cent of women and 17 per cent of men. A further 32 per cent of women and 46 per cent of men were overweight,
            meaning that most people in the UK are now either overweight or obese (National Audit Office, 2001).
          

          Back to - Activity 6: Risk of developing Type 2 diabetes

        



        Question 1

        
          Answer

          Diabetes is diagnosed by measuring the plasma glucose level. If the level is 11.1 mmol/l or more on a random sample then the
            person has diabetes, when symptoms are present. If no symptoms are present the plasma glucose level needs to be abnormal on
            two separate occasions. A fasting plasma glucose level of 7.0 mmol/l is also used to make a diagnosis of diabetes. Occasionally
            an oral glucose tolerance test will be used to make the diagnosis.
          

          The type of diabetes is diagnosed by clinical symptoms and signs. People with Type 1 diabetes have often lost a lot of weight
            and may have ketones in the urine at the time of diagnosis. In contrast, people with Type 2 diabetes may not be diagnosed
            for quite some time despite their elevated plasma glucose levels. In Type 2 diabetes it is rare to have ketones in the urine.
            Being thirsty or getting up at night to pass urine may be associated with getting older, not only with having diabetes.
          

          Back to - Question 1

        



        Question 2

        
          Answer

          The completed table is shown below.

          
            Answer to Question 2

            
              
                
                  	Criterion
                  	Type 1 diabetes
                  	Type 2 diabetes
                

                
                  	Age at onset
                  	Can occur at any age, but more commonly in children and young adults
                  	More common in older people, but can occur in younger people
                

                
                  	Treatment
                  	Insulin is the only therapy available
                  	Diet alone, diet and tablets and/or insulin can be used
                

                
                  	Presence of ketones
                  	Ketones occur if the blood glucose level becomes high
                  	Ketones uncommon
                

                
                  	Cause
                  	Complete lack of insulin
                  	Combination of not enough insulin and/or resistance to its actions
                

              
            

          

          Back to - Question 2

        



        Question 3

        
          Answer

          Insulin is the most important hormone in the development of diabetes.

          People with Type 1 diabetes do not produce any insulin at all. They cannot lower their blood glucose level without injecting
            insulin. They use insulin injections to keep their blood glucose level normal.
          

          People with Type 2 diabetes produce insulin, but not enough to lower their blood glucose level to normal and they may be resistant
            to the action of insulin.
          

          Back to - Question 3

        



        Question 4

        
          Answer

          You may inherit a condition-causing gene from one parent only and will also have the condition even though the gene from the other parent is normal. This is known as autosomal
            dominant inheritance. This is different from autosomal recessive inheritance when you must inherit the condition-causing gene
            from both parents to have the condition yourself. Diabetes is thought to be a multifactorial condition, where many different genes
            may be important.
          

          Back to - Question 4

        



        Question 5

        
          Answer

          The following factors are all important in deciding the risk of someone developing diabetes:

          
            	
              ethnicity

            

            	
              obesity

            

            	
              lack of exercise

            

            	
              family history of diabetes

            

            	
              increasing age

            

            	
              previous gestational diabetes.

            

          

          Back to - Question 5

        



        Question 6

        
          Answer

          Obesity is defined as greatly elevated body mass index, to an extent which is associated with serious increased risk to health.

          The body mass index (BMI) indicates whether an adult is a healthy weight for their height. To calculate BMI divide the weight
            (in kg) by the height (in metres) multiplied by itself:
          

          
            [image: ]

          

          A BMI value greater than 30 kg/m2 indicates obesity.

          Back to - Question 6
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