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     The concept of the glycemic index was introduced in 1981 by Dr David J. A. Jenkins, now a professor in the Department of Nutritional
         Sciences at the University of Toronto. Jenkins set out to determine which foods were best for people with diabetes. At the
         time, the diet most often recommended for people with diabetes was based on a system of carbohydrate exchanges. Each exchange,
         or portion of food, contained the same amount of carbohydrate. The exchange system assumed that all starchy foods produced
         the same effect on blood glucose levels – even though some earlier studies had suggested otherwise. Jenkins was one of the
         first researchers to challenge the use of exchanges and to investigate how individual foods actually affect our blood glucose
         levels.
      

      Jenkins and his colleagues, including our US co-author Dr Thomas M. S. Wolever, tested a large number of foods that people
         commonly ate. Their results generated some surprises. First, they found that the starch in foods such as bread, potatoes and
         many types of rice was digested and absorbed very quickly, not slowly, as had previously been assumed.
      

      Secondly, they found that the sugars in foods such as fruit, chocolate and ice-cream did not produce more rapid or prolonged
         rises in blood glucose as had always been thought. The truth was that most of the sugars in foods produced quite moderate
         blood glucose responses, lower than that of many starches.
      

Because Jenkins’s approach was so logical and systematic, yet also contrary to prevailing thinking and recommendations, it
         attracted an enormous amount of attention from other scientists and medical researchers when the original scientific paper
         was published in the American Journal of Clinical Nutrition in March 1981.
      

      Since that time, nutrition scientists around the world, particularly the authors of this book, have tested the effect of many
         foods on blood glucose levels, further developing Jenkins’s classification of carbohydrates based on what he had termed the
         glycemic index (GI). Today we know the GI values of about 2000 different items (worldwide) that have been tested in healthy
         people and people with diabetes. The detailed tables in Part 5 give the GI of many foods you’ll find on your supermarket shelves.
      

      What was so revolutionary about the GI?

      
      Before the GI came along, the nature of carbohydrates was described by their chemical structure: simple or complex. Sugars were simple and starches found in foods like bread and potatoes were complex, only because sugars were small molecules
         and starches were big ones.
      

      
      In the early years of nutrition research, scientists had conducted simple experiments on pure solutions of starches and sugars
         and drawn conclusions about all foods containing starches and sugars from the findings. It is important to note, however, that their results did not apply to real foods eaten at realistic meals.
         For 50 years the findings from these experiments were taught to every medical and biochemistry student as ‘fact’. These ‘facts’,
         and the assumptions on which they were based, were challenged by the arrival of the GI.
      

      
      
         
         Foods with a high GI value contain carbohydrates that cause a dramatic rise in blood glucose levels, while foods with a low
               GI value contain carbohydrates that have much less of an impact.

         
      

      
      Research on the glycemic index showed that the concept of ‘simple’ versus ‘complex’ carbohydrates tells us nothing about how
         the carbohydrates in food actually affect blood glucose levels in the body. The rise in blood glucose after meals cannot be
         predicted on the basis of a chemical structure. In other words, the old distinctions that were long made between starchy foods
         (complex carbohydrates) and sugary foods (simple carbohydrates) have no useful application when it comes to blood glucose levels – and all of the health issues that relate to them.
      

      
      Summing up, the GI ranks the ‘glycemic potency’ of the carbohydrates in different foods exactly as they are eaten. Many factors
         influence whether they will be ‘tricklers’ or ‘gushers’. These findings were revolutionary because they turned assumed knowledge
         of complex and simple carbohydrates completely upside down.
      

      
      A growing body of research supports the GI

      
      The GI was a very controversial topic among researchers and health authorities for many years, for a variety of reasons. Initially
         some criticism was justified. For example, in the early days there was no evidence that the GI values of single foods could
         influence the resulting blood glucose levels of the entire meals in which they were consumed – or even that low GI foods could
         bring long-term benefits. There were no studies of the glycemic index’s reproducibility, or of the consistency of GI values
         from one country to another. Many of the early studies used only healthy volunteers rather than those with relevant health
         conditions. What’s more, there was no evidence that the results would improve glucose levels in people with diabetes.
      

      
      But today, studies from major leading medical institutions and research universities around the world have repeatedly demonstrated
         that the glycemic index holds up in tests (in scientific terms, it is reproducible) and is a clinically proven tool in its
         application to weight control, diabetes and coronary health. Studies all around the globe, including the United States, the
         United Kingdom, France, Italy, Sweden Canada and Australia, have proved the value of the GI. Moreover, diabetes organisations
         in many countries have endorsed the judicious use of the GI in the dietary management of diabetes.
      

      
      In 2007, the International Diabetes Federation recommended in their new guidelines for ‘Management of Post-meal Glucose’ that
         people with diabetes use the GI to stabilise their blood glucose levels as it ‘can provide an additional benefit for diabetes
         control beyond that of carbohydrate counting’.
      

      
      Health authorities in the United States have been slower to embrace the GI than many of their counterparts elsewhere in the
         developed world. This may be the result of a number of factors, including the fact that the earliest research into the GI
         was conducted outside the United States. In the diabetes realm, the American Diabetes Association (ADA) has for many years
         endorsed dietary recommendations premised on the idea of carbohydrate counting (which assumes that all starchy foods have the same effect on blood glucose levels).
      

      
      However, in their 2006 nutrition recommendations for the manage ment of diabetes, the ADA noted, ‘The use of the glycemic
         index/glycemic load may provide a modest additional benefit over that observed when total carbohydrate is considered alone.’
      

      
      Scientific thinking on the GI has changed to a more positive attitude – as a tool for everyone. Several studies have shown that a low GI diet is easier to follow than other diets – meaning you’re more likely to stick
         with it than you would other regimes. In fact, one study from the Royal Children’s Hospital Melbourne reported that children
         and parents found a low GI diet regimen more flexible and family friendly than conventional diets and it ‘enhances quality
         of life in children with [type 1] diabetes’.
      

      
      The original Low GI Diet bestseller

      
      In 1995, we joined forces to write The GI Factor, the first book for the general public about the glycemic index of foods. Research on the glycemic index, or what became
         known as the GI, clearly showed that different carbohydrate foods had dramatically different effects on blood glucose levels.
         We believed that it was high time someone brought this story out to the general public. We knew from our own work that understanding
         the GI of foods made an enormous difference to the diet and lifestyle of people with diabetes. For some it meant, in our experience,
         a new lease of life.
      

      
      In the early 1980s Jennie was studying the nutritional composition of Aboriginal bush foods such as acacia seeds and cheeky
         yam. These foods are unique today because they are uncultivated foods, unlike wheat or potato. Food samples were sent from
         all over Australia to her laboratory at the University of Sydney for analysis where she took the opportunity to check the
         metabolic responses they created, that is, how they actually affected blood sugar levels in the body.
      

      
      The results were telling. Aboriginal bush foods produced only half the blood sugar responses of starchy Western staples like
         bread and potatoes. So, the question had to be asked: had these traditional foods somehow protected Aborigines from developing
         diabetes in times past? The answer was yes.
      

      
      The GI of more than 2000 foods has been tested worldwide, both singly and in combination with mixed meals. Long-term studies
         on its potential to improve diabetes control have also been carried out. We now know that consuming low GI foods is associated with a lower risk of both type 2 diabetes and coronary heart disease.
      

      
      Our studies with animal models show that the GI of foods influences the rate at which animals gain body fat and develop abnormalities
         in insulin secretion. We have also tested the applications of GI for sporting performance and appetite control. It is now
         obvious, not only to us but to many expert committees and health authorities around the world, that the GI of foods has enormous
         implications for everybody. It is indeed a ‘Glucose Revolution’ in that it has changed forever the way we think about carbohydrates.
      

      
      When this book was first published in 1996, we received a great deal of feedback from readers and health professionals. And
         still, hardly a day goes by without an email or letter from someone wanting to say thank you and to find out more. The Low GI Diet Handbook brings together all the information that we have put together over the years to give readers the most up-to-date and key
         dietary messages in one package. The Low GI Diet Handbook will show you how the GI carbohydrate story fits in with all the other messages about fat, protein, exercise and the many
         ways you can approach having a healthy diet that suits you and your family’s lifestyle, no matter how busy you are. Most importantly
         the Low GI Diet Handbook focuses on individual needs, likes and dislikes and can be adapted to your particular eating habits and food preferences.
         The Low GI Diet Handbook is not about one way of eating a healthy diet – it is about giving you the information to make eating a healthy diet much,
         much easier.
      

      
      There’s not just one way of eating a healthy diet. What we now know about these different nutritional factors gives us a great
         deal of flexibility, which is extremely important and helpful in choosing food and food combinations that suit the likes and
         dislikes of you and your family.
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Research conducted by scientists throughout the world has highlighted that the GI has implications for everybody. Research
         on the GI has changed our understanding of carbohydrates and their effect on our bodies. Included here are some of the latest
         scientific findings about carbohydrates, blood glucose levels and the GI.
      

      As noted in an interview on Food Ingredients first website: ‘. . . while the science of GI can be complex, the consumer application
         isn’t. It’s really simple – you swap a high GI food for a low GI food from within food categories – a low GI bread instead
         of a high GI one, a low GI breakfast cereal for a high GI one. The consumer learnt that there are good fats and bad fats and
         to swap one for the other. The same applies to carbohydrate.’
      

      Carbohydrates, GI and brain function

      
      Your brain is the hardest working ‘muscle’ in your body and it never switches off. Of the many nutrients that make up a diet,
         glucose is the only one that the brain can use. For this, it draws on glucose circulating in the blood. Star-shaped brain
         cells called astrocytes also store a little glucose in the form of glycogen that acts as a buffer between glucose in the blood
         and glucose in the fluid nourishing the brain. But after an overnight fast or a long period of mental activity without food,
         blood glucose levels gradually decline. And they decline more during a period of intense mental effort, such as doing maths versus reading
         a magazine! When stores of glycogen become limited, your brain benefits greatly from a top-up.
      

      
      One of the best reasons to include some carbohydrate in every meal is the well-documented effect on mental performance. Studies
         are showing that intellectual performance, particularly at breakfast time, is improved following the intake of a carbohydrate-rich
         food. Demanding mental tasks are most improved, while easy tasks are not affected. The improved mental ability following a
         carbohydrate meal, especially breakfast, has been demonstrated in all types of people – young adults, university students,
         people with diabetes, the elderly and people with Alzheimer’s disease.
      

      
      Several recent studies suggest that low GI carbohydrates may enhance learning and memory better than high GI carbohydrates.
         In other words, the type of carbohydrate eaten may be just as important as the quantity, with a low GI breakfast such as traditional
         oat porridge having a better effect on memory function than a high GI breakfast such as cornflakes. The reason may be related
         to blood glucose stability and the absence of the ‘overshoot’ that often accompanies high GI meals. The stress hormone cortisol
         appears to be involved.
      

      
      
         
         Did you eat breakfast this morning?

         
         Most of us have been told (countless times) that breakfast is the most important meal of the day. But a lot of us still skip
            breakfast. Not a good example because alarmingly around 25 per cent of kids are breakfast skippers too.
         

         
         Why? Well, the usual suspects. Too tired. Needed more sleep. Rushed. Not hungry. Don’t like breakfast. Dieting. Writing in
            the Journal of the American Dietetic Association, Dr Ruth Striegel-Moore reported that the older a girl gets, the more likely
            she is to skip breakfast. They found that only 60 per cent of 9-year-old girls regularly ate breakfast, but by age 19 this
            had plummeted to less than 30 per cent. The diets of the breakfast eaters were consistently higher in calcium and fibre than
            the skippers and they had a lower body mass index. As it turns out, skipping breakfast is a not such a good idea!
         

         
      

      
      Cortisol’s natural function is to prepare the body for fight or flight, with a small amount improving memory, but too much
         impairs it. Work by Dr Clemens Kirschbaum at the Technical University of Dresden has shown that the consumption of high GI carbohydrates increases the production of cortisol in response to stress. This means there
         is a trade-off between carbohydrates as brain food and their role as magnifiers of the brain-draining stress response.
      

      
      Older people with type 2 diabetes have significantly greater risk of performing poorly in cognitive function tests such as
         recalling word lists. Dr Carol Greenwood at the University of Toronto found that a low GI meal generally results in better
         verbal memory in the post-meal period, particularly in those who experience the greatest food-induced elevations in blood
         glucose levels, compared with a high GI meal. She and her colleagues reported their findings of a study involving a group
         of 20 older adults with type 2 diabetes in the high ranking medical journal Diabetologia in 2006. Both the GI of the carbohydrate meal and individual differences in response to the meal contributed to the variation
         in consequent memory recall. They found that performance following the high GI bread meal was poorer than that following the
         low GI pasta meal on measures of working memory, executive function and auditory selective attention. Sustained attention
         showed no sensitivity to the type of carbohydrate food consumed.
      

      
      In Carbohydrate is brain food in Chapter 3 we discuss what happens when your diet is low in carbohydrate and the brain makes
         use of ketones, a byproduct of the breakdown of fat.
      

      
      The GI and dementia

      
      High blood glucose levels are being increasingly linked to dementia, even in its mildest forms. Scientists are already aware
         that there is a connection between diabetes and cognitive problems. But a four-year study of post-menopausal women found that
         chronically elevated blood glucose (in technical terms, glycated haemoglobin or HbA1c levels of 7 per cent or higher) was
         linked with an increased risk of developing mild cognitive impairment.
      

      
      Dr Kristine Yaffe and her colleagues at the University of California, San Francisco, were interested in the prevalence of
         mild cognitive impairment in groups of women with and without diabetes. The four-year study looked at 1983 women whose blood
         glucose levels were tested at the beginning of the study. Over the course of the study, 86 women developed mild cognitive
         impairment or dementia. For every 1 per cent increase in HbA1c, the women had a greater likelihood of developing mild cognitive
         impairment or dementia. Women with a HbA1c of 7 per cent or higher were four times more likely to develop mild cognitive impairment
         or dementia than women who tested at less than 7 per cent. Even when the researchers excluded the women known at the outset to have diabetes, there was still a statistically significant association.
      

      
      Controlling insulin resistance in middle age may help reduce the risk of dementia in later life. Researchers from the Medical
         University of South Carolina examined over 7000 healthy adults who were given a series of cognitive tests at the outset and
         followed up six years later. They reported that those with the highest level of insulinaemia, a condition in which insulin
         levels in the blood are higher than normal, had significantly greater declines in memory and word tests.
      

      
      The GI and acne

      
      Most teenagers agonise about their skin, cursing the pimples that appear just before an important social event. Scarring and
         low self-esteem are sometimes the lifelong products of severe teenage acne. What is not as well known is the fact that many
         adults also suffer from acne long after they have left adolescence behind. Interestingly, there is an astonishing difference
         in the incidence of acne in non-Westernised societies. When Dr Staffan Lindeberg from Sweden studied 1200 Papua New Guinea
         islanders in 1990, he found not a single case of acne, even among the 300 who were aged between 15 and 25 years. The same
         was true among 115 young Ache hunter-gatherers of Paraguay.
      

      
      Because acne at any age can be a disfiguring and socially restricting disease, it is understandable that people both young
         and old are constantly searching for miracle cures. Although diet has been considered in the past as a cause of acne, clinical
         trials showed no effect in eliminating specific foods, including chocolate, fats, sweets and soft drinks. Dermatologists know
         that acne results from a combination of three factors:
      

      
      
         	overactive sebaceous follicles (oil-producing glands) causing blockages

         	increased production of oily sebum, and

         	colonisation of the skin follicle with bacteria that generates inflammation.

      

      
      Consequently, dermatologists and GPs today generally don’t make dietary recommendations to their patients with acne. They
         commonly prescribe hormone-regulating pills, antibiotics and in severe cases Roaccutane™ (a vitamin A analogue). These are
         effective treatment options but, like all drugs, they have side-effects and they are not for everyone.
      

      
      A review published in a dermatology journal called Retinoids has identified a possible link between	diet, high blood insulin levels and acne. Differences in environmental factors rather than genes are thought to explain these findings. When people migrate from a rural to an urban
         area, or one country to another, increased rates of acne are often noted.
      

      
      However, Professor Loren Cordain from the University of Colorado suggested that acne may result from the combination of insulin
         resistance and high insulin levels. His Melbourne colleague Professor Neil Mann has been putting the theory to the test. In
         the latest of their studies, published in 2006 in the American Journal of Clinical Nutrition, they randomly assigned 43 boys to a conventional healthy, low-fat diet or a diet with a lower glycemic load.
      

      
      
         
         A low GI diet will do more for your skin and your waistline than a reduced-fat diet.

         
      

      
      To reduce glycemic load, they increased protein intake a little at the expense of carbohydrates, and replaced high GI carbohydrates
         with low GI ones. After 12 weeks, total lesion counts in the boys on the low glycemic load diet had declined by nearly 25
         per cent compared with only 12 per cent in the conventional group. They also reported a little unintended weight loss (around
         3 kilograms) and greater improvement in insulin sensitivity in the low GI group.
      

      
      Further research is needed to say whether it’s weight loss or diet composition that makes the difference. But in the meantime,
         we can be reassured that a low GI diet is going to do more for both your skin and your waistline than the traditional fat-reduced
         diet.
      

      
      Low GI for your eyesight’s sake

      
      Age-related macular degeneration (AMD) is a devastat ing disease that affects the central macula of the eye, leaving sufferers
         with only peripheral vision. The macula is the small yellowish spot in the middle of the retina that provides the greatest
         visual acuity and colour perception. It’s the macula that lets us see fine detail and is critical to central vision helping
         us to recognise faces, drive a car, read a newspaper, or do close handwork.
      

      
      
      Unfortunately, AMD is now one of the most common causes of blindness among older adults in the Western world. As we age, our
         risk increases: people in their low fifties have only a 2 per cent chance, but it leaps to 30 per cent by age 75. AMD Alliance International estimates that 25 to 30 million people are affected worldwide. There’s no known cure but there is something you can do.
      

      
      Just as there are optimum ways of eating for a healthy heart, liver, skin, brain and kidneys, there is one for the eyes. In
         particular, the red, orange and yellow colours in foods are actually anti-oxidants that belong to a large family of more than
         600 carotenoids. Brightly coloured vegetables, dark leafy greens (the yellow colours are hiding there) and egg yolks are rich
         in these protective compounds. You can eat these vegetables in generous amounts but limit eggs to 5–7 a week because their
         saturated fat content contributes to other health risks.
      

      
      Recent studies published in the American Journal of Clinical Nutrition suggest that a low GI diet could also be a key part of your AMD prevention plans. Why would that be the case? Well, the retina
         has among the highest supplies of blood and nutrients, including glucose, and is dependent on adequate glucose delivery from
         the circulation to maintain its function. Because glucose stores in the retina are negligible and there are no glucose transporters
         in the cell membrane, it appears that glucose levels in the retina reflect whatever level is found in the blood. High levels
         spell trouble because excessive uptake produces high reactive charged particles called free radicals that damage all the machinery
         inside the cell.
      

      
      Researchers from Tufts and Harvard Universities were the first to notice the link between GI and vision. They had followed
         526 women without previous visual problems from the Nurses’ Health Study for 10 years. At regular intervals, they assessed
         the nurses’ diets using a food frequency questionnaire. They found that when total carbohydrate intake was constant, consuming
         a high GI diet was associated with a doubling of the risk of developing AMD.
      

      
      Similarly, Professor Paul Mitchell, the lead researcher of the Blue Mountains Eye Study in New South Wales, and his colleagues
         found that a high GI diet, but not a high carbohydrate diet, was linked to an almost 80 per cent higher risk of having age-related
         macular degeneration within the 10 years of the study. They also found the incidence of cataracts was higher among elderly
         people who chose a high GI diet.
      

      
      Although ‘observational’ data like these cannot establish that the observed association is ‘cause-and-effect’, they indicate
         a new direction for further studies.
      

      
      
      High GI diets and fatty liver

      
      As the incidence of obesity in adults and children increases, so does a disease of the liver called non-alcoholic fatty liver
         disease (or NAFL). It is a significant health problem that leaves sufferers feeling tired and unwell. Untreated, the liver
         cells become inflamed and NAFL turns into non-alcoholic steatohepatitis, or NASH. In time, NASH may develop into cirrhosis
         of the liver, a life-threatening condition associated with liver failure. The latest figures suggest fatty liver affects 30
         per cent of American adults, with Australia and New Zealand probably not far behind, although we don’t have detailed statistics.
      

      
      Although the origins of the disease are still uncertain, it is strongly linked with insulin resistance and relatively common
         in people with type 2 diabetes. In susceptible people, the cells of the liver have accumulated an excessive amount of fat.
      

      
      Currently there is no effective treatment other than gradual weight loss, which makes the findings of a new Italian study
         published in the American Journal of Clinical Nutrition timely.
      

      
      Professor Furio Brighenti and colleagues from the University of Parma in Italy suggest that a low GI diet may help people
         with NAFL, more so than low carb or high fibre diets, and could be a complementary tool for preventing or treating it. In
         their study of 247 apparently healthy individuals, the researchers assessed the degree of liver enlargement by ultrasound
         measurement, as well as their usual diet including the quality and quantity of carbohydrate. They found that the GI of the
         diet was the best marker for fatty liver – the higher the GI, the greater the prevalence of fatty liver, especially in people
         with insulin resistance. They found no specific effect of total fibre intake, total carbohydrate intake or glycemic load.
      

      
      
         
         Researchers have found that a low GI diet may help people with fatty liver, more so than low carbohydrate or high fibre diets.

         
      

      
      The GI and cancer

      
      There’s good evidence from various studies that high blood glucose levels are linked to some types of cancer, too – colon,
         breast, prostate and ovarian. This is because constant spikes in blood glucose that cause the body to release more insulin also increase a related substance called ‘insulin-like
         growth factor one’ (IGF-1). Both these hormones increase cell growth and decrease cell death, and have been shown to increase
         the risk of developing cancer. Professor Ed Giovannucci at Harvard University was among the first to make the link between
         insulin levels and cancer growth.
      

      
      Obesity, particularly abdominal obesity, is a strong predictor of both colorectal cancer and diabetes. Recent reports from
         the American Cancer Society Cancer Prevention Study and the Iowa Women’s Health Study showed an increased risk of colorectal
         cancer among people with diabetes. Perhaps more importantly, insulin resistance, or factors linked to insulin resistance,
         have been associated with an increased risk of colorectal cancer.
      

      
      If insulin resistance and hyperinsulinaemia are risk factors for cancer, and if a high GI or high GL diet increases the risk
         for insulin resistance, it should follow that such a diet also increases the risk for cancer. Despite the beautiful logic,
         the scientific findings to date are very mixed.
      

      
      Some studies support the view that high GI diets increase the risk of cancer. The first study to test the theory found a direct
         association between dietary glycemic index and colon cancer risk, that is, the higher the GI in the diet, the greater the
         risk of colorectal cancer. The researchers found that a sedentary lifestyle in conjunction with a high GI diet magnified the
         risk. Similarly, an Italian study reported that the dietary glycemic index was related to the risk of colorectal cancer among
         men and breast cancer among women.
      

      
      As time passes, however, many studies are not positive, that is they are finding no relationship between GI or glycemic load and risk of cancer. One reason for the mixed
         findings could be the lack of validation of the food frequency questionnaires that have been used to assess dietary intake.
         Some questionnaires are better than others at estimating carbohydrate intake and few of them have been specifically validated
         to assess the GI. And some studies are smaller and shorter in duration than others.
      

      
      Dr Alan Barclay from the University of Sydney attempted to make sense of all the conflicting findings by conducting a ‘meta-analysis’,
         an analysis that throws all the valid studies together, and ‘weighs’ better studies more heavily than smaller studies. When
         all studies were analysed in this way, there were statistically significant relationships between GI and the risk of colorectal
         cancer, breast cancer, endometrial cancer and all cancers combined. While further studies are necessary, it does no harm to
         put ‘low GI’ on your list of cancer prevention strategies.
      

      
      
      Sleep and the GI

      
      Tossing and turning at night? You’re not alone. Sleep difficulties such as taking a long time to fall asleep, waking up during
         the night and not falling back easily, and waking too early are increasingly common. According to the Gallup Organisation,
         nearly 50 per cent of adults do not sleep well on at least five nights per month. Between 10 and 40 per cent say they have
         intermittent insomnia, and around 15 per cent have long-term sleep difficulties. In Australia, one survey reported that 25
         per cent of women had chronic insomnia.
      

      
      The current treatment options for insomnia are pharmacological (drugs) and cognitive behavioural therapy. Popular remedies
         used to treat sleep difficulties include prescribed sedatives and tranquillisers, herbal extracts and complementary medicines,
         massage and relaxation techniques, regular physical activity and avoidance of stimulants such as caffeine before sleeping.
         Cognitive behavioural therapy of insomina, however, is considered the best practice.
      

      
      What about food itself? We already know that both the timing of meals and their nutrients can influence your sleep quality.
         Consuming a meal too close to bedtime, for example, will disturb sleep for reasons that are not entirely clear. Science has
         shown that nutrients can influence sleep via their effect on levels of the amino acid, tryptophan, a precursor for brain serotonin,
         a ‘feel-good’ hormone and sleep-inducing agent.
      

      
      One factor that promotes the entry of tryptophan into the brain (and therefore serotonin production) is its concentration
         relative to that of several other amino acids, that is the tryptophan ratio. And this is where the GI comes into the picture.
      

      
      High GI carbohydrates have the ability to increase the tryptophan ratio under the direct action of insulin. Thus, a high GI meal might be expected to promote sleep via an increase in brain tryptophan
         uptake and serotonin production. Paradoxically, the sleep experts believe a meal with a high protein content will reduce serotonin
         production because it supplies relatively more of the other amino acids, thereby reducing the ratio.
      

      
      A study led by doctors Chin Moi Chow and Helen O’Connor at the School of Exercise and Sport Science at the University of Sydney
         tested the theory that a high GI meal might aid sleep. In the setting of a sleep laboratory, 4 hours before bedtime, 12 healthy
         men aged between 18 and 35 years were given a meal containing 90 per cent of its energy as carbohydrate in the form of either
         a low GI rice or high GI rice. The researchers found that sleep onset was only 9 minutes after the high GI meal, considerably
         shorter than the 17 minutes taken to fall asleep after the low GI meal. They also showed that the high GI meal was more effective
         if it was consumed 4 hours before bedtime rather than 1 hour before. No effects on other sleep variables were observed.
      

      
      While any natural, safe therapy that improves sleep is good news, much larger, long-term studies are required before we recommend
         that people with sleep problems start experimenting with high GI meals. Scientists are also exploring the idea that sleepiness
         and alertness on the job might be affected by the GI of the lunchtime meal. Stay tuned!
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         What are the benefits of a low GI diet?

         
         Knowing the GI values of individual foods is your key to the enormous health benefits of a low GI diet.

         
         Low GI eating has science on its side. It’s not a diet. There are no strict rules or regimens to follow. It’s essentially
            about making simple adjustments to your usual eating habits – such as swapping one type of bread or breakfast cereal for another.
         

         
         You’ll find that you can live with it for life.

         
         Low GI eating:

         
         [image: image] Reduces your insulin levels and helps you burn fat
         

         
         [image: image] Lowers your cholesterol levels
         

         
         [image: image] Helps control your appetite
         

         
         [image: image] Halves your risk of heart disease and diabetes
         

         
         [image: image] Is suitable for your whole family
         

         
         [image: image] Means you are eating foods closer to the way nature intended
         

         
         [image: image] Doesn’t defy commonsense!
         

          

         Not only that. You will feel better and have more energy – and you don’t have to deprive or discipline yourself. A low GI
            diet is easy and has particular benefits for people who are overweight, have diabetes, hypertension, elevated blood fats,
            heart disease or the metabolic syndrome (Syndrome X).
         

         
         Understanding the GI of foods helps you choose the right amount of carbohydrate and the right sort of carbohydrate for your
            longterm health and wellbeing.
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      Carbohydrate foods are not created equal. In fact, they can behave quite differently in our bodies. The glycemic index, or
         GI, is a measure of carbohydrate ‘potency’. It is a ranking that describes how much the carbohydrates (sugars and starches)
         in individual foods affect blood glucose levels. It is a physiologically based measure, too – a com parison of carbohydrates
         based on feeding real foods to real people.
      

      
      Foods containing carbohydrates that break down quickly during diges tion, like those in white bread, have the highest GI values.
         The blood glucose response is fast and high – in other words, the glucose in the bloodstream increases rapidly. We call them
         ‘fast action carbs’, or ‘gushers’.
      

      
      Foods that contain carbohydrates that break down slowly, releasing glucose gradually into the bloodstream like those in legumes,
         pasta and barley, have low GI values. They can keep you feeling full for longer, help you achieve and maintain a healthy weight
         and provide you and your brain with more consistent energy throughout the day. They can also have a major effect on the way
         the body functions and whether or not you develop health problems.
      

      
      For most people, under most circumstances, foods with low GI values have advantages over those with high GI values. But there
         are excep tions: some athletes can benefit from high GI foods during and after competition and high GI foods are also useful
         in the treatment of hypoglycaemia.
      

      
      
      
         
         The GI explained

         
         The GI is a physiologically based measure of the effect of carbohydrates on blood glucose levels. It provides an easy and
            delicious way to eat a healthy diet and at the same time control fluctuations in blood glucose. After testing hundreds of
            foods around the world, scientists have now found that foods with a low GI will have less of an effect on blood glucose levels
            than foods with a high GI.
         

         
         [image: image] Carbohydrates that break down rapidly during digestion, releasing glucose quickly into the bloodstream have a high GI.
         

         
         [image: image] Carbohydrates that break down slowly, releasing glucose gradually into the bloodstream, have a low GI.
         

         
         The rate of carbohydrate digestion has important implications for everybody. For most people, foods with a low GI have advantages
            over those with a high GI. They can:
         

         
         [image: image] Improve blood glucose control
         

         
         [image: image] Increase satiety as they are more filling and satisfying and reduce appetite
         

         
         [image: image] Facilitate weight loss
         

         
         [image: image] Improve blood fat profiles
         

         
         [image: image] Reduce risks of developing diabetes, heart disease and certain types of cancer.
         

         
         
         A low GI diet helps people:

         
         [image: image] With type 1 diabetes
         

         
         [image: image] With type 2 diabetes
         

         
         [image: image] With pre-diabetes (who may have been told they have ‘a touch of diabetes’ or impaired glucose tolerance)
         

         
         [image: image] With gestational diabetes (diabetes during pregnancy)
         

         
         [image: image] With hypoglycemia or low blood glucose
         

         
         [image: image] Who are overweight or obese
         

         
         [image: image] Who are at a normal weight but have too much fat around the middle (abdominal overweight)
         

         
         [image: image] With higher than desirable blood glucose levels
         

         
         [image: image] With high levels of triglycerides
         

         
         [image: image] With low levels of HDL cholesterol (‘good’ cholesterol)
         

         
         [image: image] With metabolic syndrome
         

         
         [image: image] With polycystic ovarian syndrome (PCOS) (irregular periods, acne, facial hair)
         

         
         [image: image] With non-alcoholic fatty liver (NAFL) disease or non-alcoholic steatohepatitis (NASH)
         

         
         [image: image] Who want to delay or prevent age-related vision problems
         

         
         [image: image] Who want to prevent all of the above and live a long and healthy life.
         

         
      

      
      
      How scientists measure a food’s GI value

      
      A food’s GI value must be measured in people (we call this ‘in vivo testing’) according to an internationally standardised method. Currently, about 25 facilities around the world test GI values
         by following the standard international testing protocol.
      

      
      You may hear about in vitro (test tube) methods, but these are shortcuts that may be useful for manufacturers developing new products, but may not reflect
         the true GI of a food.
      

      
      Here’s how we test the GI of a food following the protocol set out in the Australian Standard (Glycemic Index of Foods AS4694-2007).
      

      
      Step 1. Ten volunteers consume a 50-gram carbohydrate portion of the reference food on three separate days (e.g. 1 cup of rice).
         Pure glucose dissolved in water is the usual reference food and its GI is set at 100. The test is carried out in the morning
         after an overnight fast. The solution is consumed within 10 to 12 minutes, and blood glucose levels are measured eight times
         over the next two hours (we use capillary testing as it is associated with much less variability than venous testing). The
         findings from those three days of testing are averaged to find each person’s usual response to the reference food, glucose.
      

      
      
         
         Selected GI Research Units

         
         
            	The University of Sydney’s Glycemic Index Research Service (SUGIRS), Sydney, Australia (www.glycemicindex.com)
               

            	Glycaemic Index Otago, University of Otago, New Zealand (www.glycemicindex.otago.ac.nz)

            	Glycemic Index Laboratories, Inc., Toronto, Canada (www.gilabs.com)
               

            	Leatherhead Food International, Surrey, UK (www.lfra.co.uk)

            	Oxford Brookes University, Oxford, UK (www.brookes.ac.uk/bms/research/nfsg/index.html)

            	Hammersmith Food Research Unit, Hammersmith Hospital, London, UK (www.foodresearch.co.uk)

            	Reading Scientific Services Limited (RSSL), Reading, UK (www.rssl.com)
               

            	Biofortis, Nantes, France (www.biofortis.fr)

            	NutriScience BV, Maastricht, Netherlands (www.nutriscience.nl)

            	Oy Foodfiles Ltd., Kuopio, Finland (www.foodfiles.com)
               

         

         
      

      
      
      Step 2. Next, we measure his or her glycemic response to a 50-gram portion of the test food (e.g. 1 cup of rice) once, using exactly
         the same two-hour testing protocol.
      

      
      Step 3. Then we calculate each person’s response to the test food as a percentage of their average response to the reference food.
         We do this by plotting their blood glucose response to the test food on a graph and comparing this with their response to
         the reference food; the response can be summarised as the area under the curve – the exact value of which is calculated using a computer program (Figure 1).
      

      
      [image: image]

      
      FIGURE 1. Measuring the glycemic index value of a food.
      

      
      Step 4: Finally, we average the responses of all ten volunteers to the test food and this is the GI value which we publish. If the
         average test food response area (i.e., the area under the curve) is only 40 per cent of the reference food, then the GI of
         the test food is 40. Not everyone will give exactly the same number, of course, but the law of averages applies. If we tested
         them over and over again, people will all tend to congregate around the same number.
      

      
      Because each person is his or her own control, testing foods in volunteers with diabetes or pre-diabetes gives approximately
         the same GI values as testing people who don’t have diabetes.
      

      
      In practice, the average result in the group of ten healthy people is the published GI value of the food. At least 240 blood glucose assays (the technical term for the test measuring the blood glucose) will have been made to generate that
         number. In some labs up to 640 assays are made. So there is nothing crude about GI testing.
      

      
      
      For example, the GI value of bread (70) means that the overall fluctuation in blood glucose after eating an exchange of white
         bread will be about 70 per cent of the effect of pure glucose (GI value of 100).
      

      
      A food’s GI value cannot be predicted from its appearance, composition, carbohydrate content, or even the GI values of related
         foods. The only way to know a food’s GI value is to test it, following the standardised methodology we’ve just described.
      

      
      Unfortunately, there is no easy, inexpensive substitute test. Now, after nearly 30 years of GI testing, we and others around
         the world have determined the GI values for more than 2000 foods. The values of foods available in Australia and New Zealand
         appear in Part 5 of this book, as well as in annually updated editions of The New Glucose Revolution Shopper’s Guide to GI Values and online at our website: www.glycemicindex.com.
      

      
      Why is glucose used as the reference food? Pure glucose itself produces one of the greatest effects on blood glucose levels.
         GI testing has shown that most foods have less effect on blood glucose levels than glucose. For that reason, the GI value of pure glucose is set at 100,
         and every other food is ranked on a scale from 0 to 100 according to its actual effect on blood glucose levels.
      

      
      (Note: A few foods have GI values of more than 100 – for example, jasmine rice (GI 109). The explanation is simple: glucose
         is a highly concentrated solution that tends to be held up briefly in the stomach. Jasmine rice, on the other hand, contains
         starch that leaves the stomach quickly and is then digested in a flash.)
      

      
      Rice Bubbles® (GI 87) and some types of bread (e.g. white Turkish bread, GI 87) have very high GI values, meaning their effect on blood
         glucose levels is almost as high as that of an equal amount of pure glucose. See Figure 2.
      

      
      [image: image]

      
      FIGURE 2. The effect of pure glucose (50 grams) and white bread (50-gram carbohydrate portion) on blood glucose levels.
      

      
      
      Foods with a low GI value (such as lentils, GI 26–48) show a flatter blood glucose response when eaten, as shown in Figure
         3. That means that the resulting peak blood glucose level is lower, and the return to baseline levels may be slower than with
         a high GI food.
      

      
      Why do we use the ‘area under the curve’ in GI calculations? The area under the curve is the best way to take into account
         all the data available to us. It is preferable to taking just one or two points (e.g. the peak). It is reassuring to know, however,
         that the GI value is a good predictor of the actual peak level, as well as the absolute level of blood glucose at 30 minutes,
         60 minutes and 90 minutes. We also know that the higher the GI the bigger the fall (ie from the peak to the trough).
      

      
      [image: image]

      
      FIGURE 3. The effect of pure glucose (50 grams) and lentils (50-gram carbohydrate portion) on blood glucose levels.
      

      
      
         
         The only way to know a food’s GI value is to test it. The GI cannot be predicted from the food’s appearance, composition,
               carb content or even the GI values of related foods.

         
      

      
      Why low GI foods are a smart choice

      
      For most people, low GI foods have advantages over high GI foods. The slow digestion and gradual increase and decrease in
         blood glucose responses after eating a low GI food helps control blood glucose levels. This is also particularly beneficial
         for people with diabetes or glucose intolerance as it reduces the secretion of the hormone insulin. Plus, slower digestion helps to delay hunger pangs – meaning you’re less likely to overeat or make poor food choices as the result of
         hunger, which can promote weight loss if you’re overweight.
      

      
      Lower glucose levels over the course of the day also improve heart health. Abnormally high insulin levels resulting from a
         regular diet of high GI carbs promote high blood fats and high blood pressure, thus increasing the risk of heart attack. Keeping your blood glucose levels
            stable helps ensure that blood vessels remain elastic and supple, reducing the formation of fatty streaks and plaques that
            cause atherosclerosis, known more widely as hardening of the arteries. And good blood glucose management means your body is
            less likely to form blood clots in the arteries, which can precipitate a heart attack. Spikes in blood glucose levels also
            increase inflammation: a high glucose concentration stresses cells and triggers inflammatory responses.
      

      
      
         
         Common questions

         
         If testing were continued long enough, wouldn’t you expect the areas under the curve to become equal, even for very high and
            very low GI foods?
         

         
         Many people assume that if the amount of carbohydrate in two foods is the same, then the areas under the curve will ultimately
            be the same. This isn’t the case, though, because the body is not only absorbing glucose from the gut into the bloodstream,
            but it is also extracting glucose from the blood. Just as a garden can utilise a gentle rain better than a sudden deluge, the body can metabolise slowly
            digested food better than quickly digested carbohydrate. Fast-release carbohydrate causes ‘flooding’ of the system and the
            body cannot extract the glucose from the blood fast enough. Just as water levels rise quickly after a torrential rain, so
            do glucose levels in the blood. But the same amount of rain falling over a longer period can be absorbed into the ground and
            water levels do not rise.
         

         
         Why are glucose and white bread used as test foods in GI testing – why not only glucose?

         
         In the past, some scientists used a 50-gram carbohydrate portion of white bread as the reference food, because it was more
            typical of what we actually eat. On this scale, where the GI value of white bread is set at 100, some foods will have a GI
            value of over 100, because their effect on blood glucose levels is higher than that of bread.
         

         
         The use of two standards has caused some confusion, so the glucose = 100 scale is now recommended. It is possible to convert
            from the bread scale to the glucose scale using the factor 0.7 (70 ÷ 100). This factor is derived from the fact that the GI
            value of white bread is 70 on the glucose = 100 scale.
         

         
         To avoid confusion throughout this book, we refer to all foods according to a standard whereby glucose equals 100. 
         

         
      

      
      You don’t have to eat only low GI foods to benefit. Studies show that when a low and a high GI food are combined in one meal
         (for example, lentils and rice), the overall blood glucose response is intermediate. You can keep both your glucose and insulin
         levels lower over the course of the whole day if you choose at least one low GI food at each meal.
      

      
      
      Can the GI be applied to everyday meals?

      
      Criticism of the GI has focused on unpredictable outcomes of blood glucose measurements after meals containing variations
         in fat, protein and fibre levels. Most of our meals consist of a variety of foods – not just a single food. Even though GI
         values are derived from testing single foods in isolation, we and other scientists have found that it is possible to predict
         the blood glucose response for a meal that consists of several foods with different GI values.
      

      
      Concerned about the methodology of recent studies showing unpredictable responses, we and our co-researchers at the University
         of Toronto’s Department of Nutritional Sciences conducted studies with mixed meals on two groups of healthy subjects in Toronto
         and Sydney. We had previously done smaller studies, but we wanted to revisit the question, using more meals and variety in
         two different centres with judiciously selected foods. This time, 14 different test meals were used in Sydney and Toronto,
         and the food combinations reflected a range of typical breakfast choices.
      

      
      Despite the variations in nutrient content, blood glucose responses remained consistent with GI measures. In fact, we were
         startled by the degree of predictability. The carbohydrate, fat and protein composition of the meals varied over a wide spectrum.
         The glucose responses varied over a fivefold range, and yet 90 per cent of that variation was explained by the amount of carbohydrate
         in the meal and the GI values of the foods as given in published GI tables. We found that the GI works just as predictably
         whether subjects consume a single portion of one item or a normal meal; we reported these findings in the American Journal of Clinical Nutrition.
      

      
      
      How do you estimate the overall GI of a meal?

      
      Over the years, many readers – researchers and dietitians in the nutrition field, as well as laypeople – have asked us to
         explain how to estimate the total GI of a meal. So for their benefit, and for the more curious among you, we take a moment
         to walk you through two brief examples.
      

      
      First of all, the GI value of a meal or recipe is not the sum of the GI values of each food in the meal, nor is it simply
         an average of their GI values. The GI of a meal, menu or recipe consisting of a variety of carbo hydrate foods is a weighted
         average of the GI values of each food. The weighting is based on the proportion of the total carbohydrate contributed by each
         food.
      

      
      To estimate the GI of a mixed meal, you need to know the GI of the carbohydrate foods in the meal (information we provide
         in the tables in Part 5), plus the total carbohydrate content of the meal and the contribution of each food to the total carbohydrate.
         You will find this information in food-composition tables or nutrient-analysis computer programs. The following calculations
         may look complicated – and, in fact, in practice, you don’t need to make these sorts of calculations to adopt the low GI way
         of eating, but dietitians and nutrition researchers sometimes have to.
      

      
      Let’s look at a snack of rockmelon (GI 68) and ice-cream (GI 37–49). Depending on the amounts of each food, we could calculate
         the total content of these carbohydrates from food-composition tables. Let’s say the meal contains 60 grams of carbohydrate,
         with 20 grams provided by the rockmelon (that is 33 per cent) and 40 grams by the ice-cream (that is 67 per cent). For the
         purposes of this calculation, we’re using low fat vanilla ice-cream (GI 46).
      

      
      To estimate the GI value of this dish, we multiply the GI value of rockmelon by its proportion of the total carbohydrate:

      
      68 × 33% = 22

      
      and multiply the GI value of ice-cream by its proportion of the total carbohydrate:

      
      46 × 67% = 31

      
      We then add these two figures to give a GI value for this dish of 53.

	   
	  Here’s another scenario for the classic combination of beans and rice. If half the carbohydrate in the mixed meal comes from
         a food with a GI value of 30 (for example black beans) and the other half from a rice with a GI value of 80, then the mixed
         meal will have a GI of 55, determined as follows:
      

      
      (50% of 30) + (50% of 80) = 55

      
      Our rice and beans example demonstrates that it’s not necessary to avoid all high GI foods in order to eat a low GI diet.
         Nor is it necessary to calculate the GI value for every meal you eat. Rather, simply choose a low GI food in place of a higher
         GI food. Simply including one low GI food per meal is enough.
      

      
      We’ll share many more helpful dietary suggestions with you throughout the rest of the book – and in Part 3 you will find our
         guide to low GI eating.
      

      
      
      Glycemic index or glycemic load?

      
      Your blood glucose rises and falls when you eat a meal containing carbohydrate. How high and how long it rises on any one
         occasion depends on two things: how much carbohydrate you eat and the GI of the carbohydrate you eat. The more carbohydrate
         you eat, the higher your blood glucose goes. The higher the GI of the food you eat, the higher your blood glucose goes. A
         small amount of a high GI food may raise your blood glucose as much as a large amount of a low GI food.
      

      
      The glycemic load (GL), initially developed by researchers at Harvard University, takes in the amount of carbohydrate you
         eat and its GI to help predict how much a serving of food will raise blood glucose. If a serving of food has a GL of 10, that means
         it will raise blood glucose by as much as 10 grams of glucose.
      

      
      The GL of a food is a mathematical calculation – determined by multiplying the GI of a particular food by the available carbohydrate
         content (meaning the carbohydrate content minus fibre) in a particular serving size (expressed in grams), divided by 100.
         The formula is:
      

      
      GL = (GI × the amount of carbohydrate) divided by 100

      
      Let’s take a single apple as an example. It has a GI of 38 and it contains 15 grams of carbohydrate.

      
      GL = 38 × 15 ÷ 100 = 6

      
      
      What about a small serving of French fries? Its GI is 75 and it contains 29 grams of carbohydrate.

      
      GL = 75 × 29 ÷ 100 = 22

      
      So we can predict that our fries (GL 22) will pack nearly four times the glycemic punch of an apple (GL 6).

      
      Proponents of the GL – both within the scientific nutrition community and beyond it – think that this concept should be used
         instead of the GI when comparing foods because it more fully reflects a food’s glycemic potential.
      

      
      But a word of caution: we don’t want people avoiding all carbs and striving for a diet with the lowest GL possible.
      

      
      The problem with GL is that it doesn’t distinguish between foods that are low carb (and thus higher in fat and/or protein)
         or slow carb (that is, low GI carbs). Some people whose diets have an overall lower GL are consuming more saturated fat or
         protein and fewer carbohydrates of any kind, including healthy, low GI carbs.
      

      
      Following a low GL path could mean that you’re unnecessarily restricting foods, missing out on nutrients and the other proven
         benefits of a higher carbohydrate diet, and thus eating a less healthful diet – one that’s too low in carbohydrates and full
         of the wrong types of fats and proteins. That’s why we advocate sticking with the GI.
      

      
      
         
         You can think of GL as the amount of carbohydrate in a food ‘adjusted’ for its glycemic index.

         
      

      
      Research also shows that by choosing carbs by their GI value – and opting primarily for those that are low GI – you’ll get
         a healthy, safe diet with an appropriate quantity and quality of carbohydrate. In fact, you’ll be increasing your intake of
         nutritional powerhouse foods, including fruits and vegetables, legumes (including beans, chickpeas and lentils) and wholegrains.
         And by choosing moderate servings of low GI foods, you’ll automatically be eating lower GL foods, too – so a low GI diet is
         a win–win situation, while a low GL diet is a ‘mixed bag’.
      

      
      
      Yes, a handful of high GI foods, such as watermelon, have a low GL, but we recommend that you don’t limit any fruits or vegetables,
         other than some potatoes (see This for that in Chapter 13).
      

      
      A word here about portion sizes: some carb-rich foods such as pasta have a low GI but could have a high GL if the serving size is very large. Portion sizes do count.
      

      
      
         
         • Use the GI to identify your best carbohydrate choices.

         
         • Keep your portion size in check to limit the overall GL.

         
      

      
      What makes a food high or low GI?

      
      For many years now scientists have been studying what gives one food a high GI and another one a low GI. That research has
         generated a huge amount of information, which can be confusing. The table following summarises the factors that influence
         the GI value of a food.
      

      
      The physical state of the starch in a food is by far the most important factor influencing its GI value. This is why technological
         advances in food processing over the past 200 years have had such a profound effect on the overall GI values of the carbohydrates
         we eat.
      

      
      
      The effect of starch gelatinisation on the GI

      
      The starch in raw food is stored in hard, compact granules that make it difficult to digest. This is why potatoes would probably
         give you abdominal pain if you ate them raw and why most starchy foods need to be cooked. During cooking, water and heat expand
         the starch granules to different degrees; some granules actually burst and free the individual starch molecules. (That’s what
         happens when you make gravy by heating flour and water until the starch granules burst and the gravy thickens.)
      

      
      If most of the starch granules have swollen and burst during cooking, the starch is said to be fully gelatinised. Figure 1
         below shows the difference between raw and cooked starch in potatoes.
      

      
      
       

      
         

            Factors that influence the GI value of a food

         

         
            
            
               	Factor
               	Mechanism
               	Examples of food where the effect is seen
            

            
            
               	Starch gelatinisation
               	The less gelatinised (swollen) the starch, the slower the rate of digestion.
               	Al dente spaghetti, oats and biscuits have less gelatinised starch.
            

            
            
               	Physical entrapment
               	
The fibrous coat around beans and seeds and plant cell walls acts as a physical barrier, slowing down access of enzymes to
                  the starch inside.
               
               	Pumpernickel and grainy breads, legumes and barley.
            

            
            
               	High amylose to amylopectin ratio*
               	The more amylose a food contains, the less water the starch will absorb and the slower its rate of digestion.
               	Basmati rice and legumes contain more amylose and less amylopectin.
            

            
            
               	Particle size
               	The smaller the particle size, the easier it is for water and enzymes to penetrate.
               	Finely milled flours have high GI values. Stone-ground flours have larger particles and lower GIs.
            

            
            
               	Viscosity of fibre
               	Viscous, soluble fibres increase the viscosity of the intestinal contents, and this slows down the interaction between the
                  starch and the enzymes. Finely milled whole-wheat and rye flours have fast rates of digestion and absorption because the fibre
                  is not viscous.
               
               	Rolled oats, beans, lentils, apples, psyllium husks.
            

            
            
               	Sugar
               	
The digestion of sugar produces only half as many glucose molecules as the same amount of starch (the other half is fructose).
                  The presence of sugar also restricts gelatinisation of the starch by binding water and reducing the amount of ‘available’
                  water.
               
               	Many biscuits, raisin bread and some breakfast cereals that are high in sugar have relatively low GI values.
            

            
            
               	Acidity
               	Acids in foods slow down stomach emptying, thereby slowing the rate at which the starch can be digested.
               	Vinegar, lemon juice, lime juice, some salad dressings, pickled vegetables, classic sourdough bread.
            

            
            
               	Fat
               	Fat slows down the rate of stomach emptying, thereby slowing the digestion of the starch.
               	Potato chips have a lower GI value than boiled white potatoes.
            

            
         

         

         * Amylose and amylopectin are two different types of starch. Both are found in foods, but the ratio varies.

         

      

      
      
         
         [image: image]

         
         FIGURE 1. The difference between raw (compact granules, left) and cooked (swollen granules, right) starch in potatoes.
         

      
      The swollen granules and free starch molecules are very easy to digest, because the starch-digesting enzymes in the small
         intestine have a greater surface area to attack. The quick action of the enzymes results in a rapid blood glucose increase
         after consumption of the food (remember that starch is nothing more than a string of glucose molecules). As a result, food
         containing starch that is fully gelatinised will have a very high GI value.
      

      
      In foods such as biscuits, the presence of sugar and fat and very little water makes starch gelatinisation more difficult,
         and only about half of the granules will be fully gelatinised. For this reason, biscuits tend to have medium GI values.
      

      
      
      The effect of particle size on the GI

      
      The particle size of a food is another factor that influences starch gelatini sation and GI value. Grinding or milling grains
         reduces particle sizes and makes it easier for water to be absorbed and digestive enzymes to attack the food. This is why
         many foods made from fine flours tend to have a high GI value. The larger the particle size, the lower the GI value, as Figure
         2 illustrates.
      

      
      When starch is consumed in ‘nature’s packaging’ – whole intact grains that have been softened by soaking and cooking – the
         food will have a low GI. For example, cooked pearl barley’s GI value is 25 and most cooked legumes have a GI of between 30
         and 40 whether homecooked or canned.
      

      
         [image: image]

         
         FIGURE 2. The larger the particle size, the lower the GI value.
         

         
      
      
      
      The effect of amylose and amylopectin on the GI

      
      There are two types of starch in food – amylose and amylopectin. Researchers have discovered that the ratio of one to the
         other has a powerful effect on a food’s GI value.
      

      
      Amylose is a straight-chain molecule, like a string of beads. These tend to line up in rows and form tight compact clumps
         that are harder to gelatinise and therefore harder to digest (see Figure 3, below).
      

      
      Amylopectin, on the other hand, is a string of glucose molecules with lots of branching points, like you’d see in some types
         of seaweed or a piece of ginger root. Amylopectin molecules are therefore larger and more open, and the starch is easier to
         gelatinise and to digest. Foods that have little amylose and plenty of amylopectin in their starch have higher GI values –
         for example, jasmine rice and wheat flour. Foods with a higher ratio of amylose to amylopectin have lower GI values – for
         example, basmati rice and legumes.
      

      
      The only whole (intact) grain food with a high GI is low-amylose rice, such as jasmine (GI 89). Lowamylose varieties of rice
         have starch that is very easily gelatinised during cooking and therefore easily broken down by digestive enzymes. This may
         help explain why we sometimes feel hungry not long after rice-based meals. However, some varieties of rice (basmati and long-grain
         white rice) have lower GI values, because they have a higher amylose content than normal rice. Their GI values are in the
         range of 50–59.
      

      
         [image: image]

         
         FIGURE 3. Amylose is a straight-chain molecule that is harder to digest than amylopectin, which has many branching points.
         

         
      
      The effect of sugar on the GI

      
      Table sugar or refined sugar (sucrose) has a GI of between 60 and 65. The reason: table sugar is a disaccharide (double sugar),
         composed of one glucose molecule coupled with one fructose molecule. (See The GI Story for a fuller explanation of the structure of sugars.) Fructose is absorbed
         and taken directly to the liver, where it is immediately oxidised (burned as the source of energy). The blood glucose response
         to pure fructose is very modest (GI 19). Consequently, when we consume sucrose, only half of what we’ve eaten is actually
         glucose; the other half is fructose. This explains why the blood glucose response to 50 grams of sucrose is approximately
         half that of 50 grams of corn syrup or maltodextrin – where the molecules are all glucose ones.
      

      
      
         
         Why does pasta have a low GI value?

         
         Somewhat surprisingly, pasta in any shape or form has a relatively low GI value (30–60). Great news for pasta lovers, but
            portion size is still important. Keep it moderate to keep the GL (glycemic load) moderate. In the early days of GI research,
            we assumed that pasta has a low GI value because the main ingredient was semolina (durum or hard wheat flour), and not finely
            ground wheat flour.
         

         
         Subsequent research has shown, however, that even pasta made entirely from plain wheat flour has a low GI value. The reason
            for the slow digestion rate and subsequent low GI value is the physical entrapment of the ungelatinised starch granules in
            a sponge-like network of protein (gluten) molecules in the pasta dough. Pasta and noodles too are unique in this regard.
         

         
         Overcooked pasta is very soft and swollen in size and will have a higher GI value than pasta cooked al dente. Adding egg to
            the dough lowers the GI further by increasing the protein content. Asian noodles such as hokkien, udon, and rice vermicelli
            also have low to medium GI values.
         

         
      

      
      Many foods containing large amounts of refined sugar (sucrose) have a GI close to 60. This is the average of glucose (GI 100)
         and fructose (GI 19). It’s lower than that of ordinary white bread, with a GI value averaging around 70. Kellogg’s Coco Pops,
         which contains 39 per cent sugar, has a GI value of 77, lower than that of Rice Bubbles (GI 87), which contains little sugar.
      

      
      Most foods containing simple sugars do not raise blood glucose levels any more than most complex starchy foods like bread.
         This is one of the key findings of the GI, and it has ‘liberalised’ the management of diabetes.
      

      
      The sugars that naturally occur in food include lactose, sucrose, glucose and fructose in var iable proportions, depending
         on the food. On theoretical grounds, it is difficult to predict the overall blood glucose response to a food, because stomach emptying is slowed by increasing the concentration of the sugars.
      

      
      Some fruits, for example, have a low GI value (grapefruit’s GI is 25), while others are relatively high (watermelon’s is 76).
         The higher the acidity of the fruit, the lower the GI value. Consequently, it is not possible to lump all fruits together
         and say they will have a low GI value, because they are high in fibre. They are not all equal. (For a comparison of all fruits,
         take a look at the fruit section of the table in Part 4.) Many foods containing sugars are a mixture of refined and naturally
         occurring sugars – sweetened yoghurt, for example. Their overall effect on blood glucose response is difficult to predict.
         This is why we’ve tested individual foods to determine their GI values rather than guessing or making generalisations about
         entire food groups.
      

      
      
         
         One of the spin-offs from research on the GI is the recognition that both sugary and starchy foods can raise your blood glucose.

         
      

      
      
      The effect of fibre on the GI

      
      The effect of fibre on a food’s GI value depends on the type of fibre and its viscosity or thickness.

      
      Dietary fibre comes from plant foods – it is found in the outer bran layers of grains (corn, oats, wheat and rice, and in
         foods containing these grains), fruits and vegetables and nuts and legumes (dried beans, peas and lentils). There are two
         types – soluble and insoluble – and there is a difference.
      

      
      Soluble fibres are the gel, gum and often jellylike components of apples, oats and legumes. Psyllium, found in some breakfast
         cereals and dietary fibre supplements such as Metamucil®, is soluble fibre. These viscous fibres thicken the mixture of food entering the digestive tract. By slowing down the time
         it takes for the fibre to pass through the stomach and small intestine, foods with high levels of soluble or viscous fibre
         lower the glycemic response to, or glycemic impact of food, which is why legumes, oats and psyllium have a low GI.
      

      
      Insoluble fibres are dry and branlike and commonly thought of as roughage. All cereal grains and products made from them that
         retain the outer layer of the grain are sources of insoluble fibre (for example wholegrain bread and All-Bran), but not all foods containing insoluble fibre
         are low GI.
      

      
      
         
         The GI was never meant to be used in isolation

         
         At first glance you might assume that some indulgence foods such as chocolate, seem a good choice simply because they have
            a low GI value. Fat chance! This is absolutely not the case.
         

         
         A food’s GI value was never meant to offer the only criterion by which it is judged. Large amounts of fat (and protein) in
            food tend to slow the rate of stomach emptying and therefore the rate at which foods are digested in the small intestine.
            High fat foods will tend to have lower GI values than their low fat equivalents. For example, potato chips have a lower GI
            value (54) than potatoes baked without fat (77). Many biscuits have a lower GI value (55–65) than bread (70).
         

         
         But clearly, in these instances, a lower GI value doesn’t translate into a better, healthier choice. Saturated and trans fat
            in these foods will have adverse effects on coronary health that are far more significant than the benefit of lower blood
            glucose levels. These foods should be treated as indulgences, for special occasions, rather than as part of a regular diet.
         

         
         We are not recommending that you avoid all fats. Just as there are differences in the nature of carbohydrates in foods (what
            we refer to as the quality, conveyed as the GI value), there are differences in the quality of fats. You should be just as
            choosy about the fats you eat as you are about carbohydrates.
         

         
         Healthy fats, such as the omega-3 and omega-6 polyunsaturated fats, are not only good for you, but they also help to lower
            the blood glucose response to meals. On the other hand, many saturated fats increase your risk of obesity, heart disease and
            other serious health conditions.
         

         
      

      
      
      Insoluble fibres will only lower the GI of a food when they exist in their original, intact form – for example, in whole grains
         of wheat. Here they act as a physical barrier, delaying access of digestive enzymes and water to the starch within the cereal
         grain. Finely ground wheat fibre, such as in wholemeal bread, has no effect whatsoever on the rate of starch digestion and
         subsequent blood glucose response. Breakfast cereals made with wheat flakes will also tend to have high GI values unless there
         are other ingredients in the food that will lower the GI.
      

      
      
      The effect of acid on the GI

      
      Several research findings over the last decade have indicated that a realistic amount of vinegar or lemon juice as a salad
         dressing eaten with a mixed meal has significant blood glucose-lowering effects.
      

      
      As little as 1 tablespoon of vinegar in a vinaigrette dressing (with 2 teaspoons oil) taken with an average meal lowered blood
         glucose by as much as 30 per cent. Our research shows that lemon juice is just as powerful. Vinegar or lemon juice may also
         be used in marinades or sauces.
      

      
      These findings have important implications for people with diabetes or who are at risk for diabetes, coronary heart disease,
         or the metabolic syndrome (see The GI and your heart in Chapter 9).
      

      
      The effect appears to be related to the acidity, because some other organic acids (like lactic acid and propionic acid) also
         have a blood glucose-lowering effect, but the degree of reduction varies with the type of acid.
      

      
      Real sourdough breads made the traditional way, in which lactic acid and propionic acid are produced by the natural fermentation
         of starch and sugars by the bacterial starter culture, also can reduce levels of blood glucose and insulin by up to 25 per
         cent compared to normal bread.
      

      
      In addition, studies show that there’s higher satiety – that is, people feel fuller and more satisfied – associated with breads
         that have decreased rates of digestion and absorption, like sourdough. There’s significant potential to lower your blood glucose
         and insulin and increase satiety with sourdough breads, so incorporating them into your diet is a smart choice. (We discuss
         the concept of satiety more fully in The GI and your weight in Chapter 4.)
      

      
      
      
         
         Low GI basics

         
         Blood glucose is the amount of glucose, or sugar, in your blood. It changes throughout the day depending on what you eat,
            and it can have a profound effect on your health – your mood, how hungry you are, and whether you develop conditions such
            as diabetes.
         

         
         
            	Your body’s blood glucose response to a meal is primarily determined by the meal’s carbohydrate content. Both the quantity
                  and the quality of carbohydrates in food influence the rise in blood glucose that you experience.
               

            	Carbohydrates that break down quickly during digestion have high GI values. Their blood glucose response is fast and high.

            	Carbohydrates that break down slowly, releasing glucose gradually into the bloodstream, have low GI values. In comparison
                  to foods with high GI values, these are more desirable for optimal health.
               

            	Avoiding carbohydrate foods altogether is counterproductive. You will end up eating harmful foods and fats, and you’ll miss
                  favourite foods such as fruit, bread, and pasta.
               

         

 

		 

         

	
	[image: images]
	
		 

		 

         

      

      
      
   



 

      

	
      Chapter 2

      
	 
      
	
      What’s
wrong with
today’s diet?






      
 

 

      
      You may be wondering, ‘What’s wrong with the way I eat now?’ It’s possible that you already follow a balanced, nutrient-dense
         diet that emphasises whole foods and low GI carbs. But the simple truth is that the majority of Australians and New Zealanders
         do not; our lifestyle makes it all too easy to stray from a healthful regime. That’s why it’s so important to have a concrete,
         working knowledge of how to eat for optimum well-being.
      

      
      We didn’t always eat the way we do today. During the Paleolithic (Stone) Age, humans were hunter-gatherers, consuming the
         animals and plants found in their natural environment. Our ancestors were fussy about which parts of animals they ate. They
         preferred the hind legs of the largest animals and the females over the males because they contained more fat and were therefore
         juicier and more flavourful. They also enjoyed organ meats – liver, kidneys, brains – foods that are extremely rich sources
         of nutrients.
      

      
      As humans evolved over time, they became more and more carnivorous. From the latest studies of modern hunter-gatherer diets,
         it appears that our ancestors obtained about two-thirds of their energy intake from animal foods (including fish and seafood)
         and only one-third from plant foods. Although they ate more protein and less carbohydrate than we do now, their fat intake,
         interestingly, was roughly the same as now – but the type of fat was primarily healthy unsaturated fat rather than unhealthy
         saturated fat (which we’ll discuss shortly). This is because the fat of wild animals, including their organs, has much higher proportions of unsaturated fat than typically found in the farmed animals
         we consume today.
      

      
      Our predecessors’ carbohydrate intakes were lower, because the main plant foods they had available were fruits and vegetables
         rather than cereals. Wheat, rice and other cereal grains were largely absent until after the introduction of agriculture and
         the domestication of crops and animals (sometimes called the Neolithic revolution), which began some 10 000 years ago.
      

      
      So why does this matter to you? Because these findings have important implications for current dietary recommendations. Although
         our ancestors ate plenty of animal foods, they also ate large amounts of micronutrient-rich plant foods (leaves, berries,
         nuts), which would have been gathered every day, ensuring that their overall diet was both naturally low GI and low GL. It
         doesn’t mean that we all need to be meat-eaters to be healthy, but it does imply that we need to consider carefully the types
         and amount of protein, carbohydrate and fat we eat.
      

      
      Beginning about 10 000 years ago, when we became farmers growing crops rather than hunter-gatherers, our diet changed in many
         ways. Starch entered the human diet, in a big way, for the first time; large quantities of harvested cereal grains tipped
         the human diet ratio from being more animal to more plant. Those plants were what we would now call wholegrain cereals (wheat,
         rye, barley, oats, corn and rice). The cultivation of legumes (beans), starchy roots and tubers and fruits and berries also
         contributed to the now higher carbohydrate intake of our farmer ancestors.
      

      
      But food preparation was simple: grinding food between stones and cooking it over the heat of an open fire. The result was
         that although we were eating a high carbohydrate diet, all the carbohydrates in our food were digested and absorbed slowly;
         thus, the effects of these carbohydrate foods on our blood glucose were minimal.
      

      
      
         
         One of the most important ways in which our diet differs from that of our ancestors is the speed of carbohydrate digestion
               and the resulting effect on our blood glucose and hence every cell of the body.

         
      

      
      This diet was ideal because it provided slow-release energy that helped to delay hunger pangs and provided fuel for working
         muscles long after a meal had been eaten. It was also easy on the insulin-producing cells in the pancreas. As far as we can
         tell, diabetes was rare.
      

      
      Over time our ancestors developed the technology to grind flours more and more finely, and to separate bran completely from white flour. Finally, with the advent of high-speed roller mills in the
         nineteenth century, it was possible to produce white flour so fine that it resembled talcum powder in appearance and texture.
         These fine white flours were – and are – highly prized because they make soft bread and delicious, airy cakes and flaky pastries.
      

      
      As incomes grew, the foods commonly eaten by our ancestors – barley, oats and legumes – were cast aside; consumption of fatty
         processed meat increased. The composition of the average diet changed again. We began to eat more saturated fat, less fibre
         and more easily digested carbohydrates.
      

      
      Then something we didn’t expect happened, too – blood glucose rises after a meal became higher and more prolonged, stimulating
         the pancreas to produce more insulin.
      

      
      As a result of these developments, we not only experienced higher blood glucose spikes after a meal, but we also experienced
         greater insulin secretion. As we’ve mentioned, our bodies require insulin to metabolise carbohydrate, but too much or too
         little spells trouble. Researchers believe that excessively high glucose and insulin levels are among the key factors responsible
         for heart disease and hypertension. And because insulin also influences the way we metabolise foods, it ultimately determines
         fat storage around the body.
      

      
      Among the consequences of these major dietary changes, one is crucial for our discussion here: traditional diets all around
         the world contained slowly digested and absorbed carbohydrate – foods that we now know are low GI. On the other hand, our
         modern diet, with its rapidly digested carbohydrates, is based on high GI foods.
      

      
      What we eat now

      
      Today’s Western diet is the product of industrialisation and many amazing in ventions – pasteur isation, sterilisation, refrigeration,
         freezing, roller drying and spray drying, to name just a few. In the cereal-foods world, there’s also high-speed roller milling,
         flaking, toasting, high-temperature and high-pressure extrusion, puffing guns, short-time bread fermentation – you name it,
         it’s been invented.
      

      
      
         
         Traditional diets all around the world contained slowly digested and absorbed carbohydrates.

         
      

      
      
      
         
         Insulin plays critical roles in our health and well-being

         
         One important function of the pancreas, a vital organ near the stomach, is to produce the hormone insulin. Insulin plays several
            critical roles in our health and well-being.
         

         
         First, it regulates our blood glucose levels. When you eat a meal containing carbohydrate, your blood glucose level rises.
            This causes the pancreas to secrete insulin (unless you have type 1 diabetes), which pushes the glucose out of the bloodstream
            and into the muscles and tissues, where it provides engery for you to carry out your regular activities. The movement of glucose
            out of the blood and into the body’s cells (particularly the muscles and liver) is finely controlled. Just the right amount
            of insulin takes the glucose level back to normal.
         

         
         Second, insulin plays a key part in determining the fuel mix that we burn from minute to minute – and whether we burn fat
            or carbohydrates to meet our energy needs. It does this by switching muscle cells from fat-burning to carb-burning. The relative
            proportions of fat to carbohydrate in your body’s fuel mix are dictated by the prevailing levels of insulin in your blood.
            If insulin levels are low, as they are when you wake up in the morning, then the fuel you burn is mainly fat. If insulin levels
            are high, as they are after you consume a high carbohydrate meal, then the fuel you burn is mainly carbohydrate.
         

         
         Carbohydrates stimulate the secretion of insulin more than any other component of food. When carbohydrates are slowly absorbed
            by our bodies – which is the case with low GI foods – the pancreas doesn’t have to work as hard and secretes less insulin.
            If it is overstimulated over a long period of time, which often occurs as a result of a diet rich in high GI foods, it may
            become ‘exhausted’. Type 2 diabetes may develop in someone who is genetically susceptible and whose pancreas has been overworked.
            Even without diabetes, excessively high insulin levels incease the risk of heart disease in everyone.
         

         
      

      
      
      The benefits are many: we have a plentiful, affordable, palatable (some would say too palatable) and safe food supply. Gone
         are the days of monotonous meals, food shortages, weevil-infested and otherwise spoiled food. Also long gone are such widespread
         vitamin deficiencies as scurvy and pellagra. Today’s food manufacturers develop and sell delicious and safe products that
         satisfy just about everyone.
      

      
      Many of today’s low-cost foods are still based on our cereal staples – wheat, corn and oats – but the original grain has been
         drastically altered to produce more palatable breads, cakes, biscuits, crackers, pastries, breakfast cereals and snack foods
         that bear no resemblance to the original food.
      

      
      Our busy lives have also driven the need for convenience food that take little time to prepare. Pre-cooked oats, rice and
         wheat products are now a common sight on supermarket shelves.
      

      
      While these developments are easy on our time and tastebuds, people's health is being affected. Our bodies quickly digest
         and absorb many of the carbohydrate foods we consume the most – think cornflakes, white bread, quick-cooking rice. The resulting
         effect on blood glucose levels has created a problem of epidemic proportions.
      

      
      
      With a wave of the fat wand

      
      We’ve placed quite a bit of emphasis on carbohydrates, but our health is also affected by another key component in food, which
         often goes hand-in-hand with carbohydrates: fat.
      

      
      Food manufacturers, bakers and chefs know we love to eat fat. We love its creaminess and feel in the mouth and find it easy
         to consume in excess. Fat makes meat more tender, vegetables and salads more palatable, and sweet foods even more desirable.
         And fat makes numerous carbohydrates even tastier: with a wave of the fat wand, bland high carbohydrate foods such as rice,
         potatoes and wheat are magically transformed into highly palatable, energy-dense foods such as fried rice, French fries and
         croissants. In fact, when you analyse it, much of our diet today is an undesirable but delicious combination of fat and high
         GI carbohydrates.
      

      
      One problem with fat is the amount we eat, sometimes without knowing it. Fat provides a lot of kilojoules – more than any
         other nutrient per gram – and it is the least satiating nutrient. This is great for someone who’s starving, but it’s a real
         disadvantage for those of us who constantly verge on eating too much. Fat provides 37 kilojoules per gram – more than twice
         the energy of protein or carbohydrate. And the main form in which our bodies store those extra kilojoules is, you guessed
         it, fat.
      

      
      
      Whatever the fat content of your diet, the type of fat you eat matters – monounsaturated fats, found in nuts, seeds, olive
         oil, avocado, etc., should dominate. Eating more fat from these sources gives you a nutritional profile more like a Mediterranean
         diet, which will also help you lower your triglyceride levels and increase your HDL (good) cholesterol.
      

      
      
         
         Choosing the good fats and giving bad fats the flick

         
         Emphasise the following monoand polyunsaturated fats in your diet:

         
         
            	olive and canola oils

            	mustard seed oil

            	margarines and spreads made with canola, sunflower or other seed oils

            	avocados

            	fish, shellfish, prawns, scallops, etc.

            	walnuts, almonds, cashews, etc.

            	olives

            	muesli (not toasted)

            	linseeds
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