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To our parents




Foreword


When you hear ‘body fat’, you probably think mainly about that little bulge that starts to peek out over the top of your jeans when you’ve eaten too much over the holidays. Or about that fat on your backside that shows dimpling when viewed in the wrong light (in most women, anyway). Many people have a love-hate relationship with their body fat, and in most cases, hate usually has the upper hand.


This attitude is clearly reinforced by the media. You can’t open a magazine without encountering at least one article about diets, weight loss or dietary supplements intended to make us thinner – with minimum effort, of course. We’re bombarded with success stories, and professional models gaze out alluringly from the page. On television, too, the message is clear: we all have to get leaner and fitter and say goodbye to our body fat.


And so it’s not surprising that companies put so much effort into selling remedies, dietary supplements, and gadgets like cooling vests (which circulate cold water) to shed our overweight and make our body fat, and thus ourselves, healthier in the process. Although these are eagerly snapped up by consumers anxious to slim down, the results are often disappointing.


But, like everything else in our body, fat is there for a reason. Right? So what actually is fat, and what does it do? And is it really as bad as everyone claims?


Until recently, we knew less about our fat than about any other organ in the body. Yes, fat is an organ, just like our heart and lungs. For many years – for centuries, even – it was thought that fat was little more than a layer of insulation, a blanket of blubber that protects our internal organs from the cold and from bumps and jolts. But nothing could be further from the truth. Research on fat has increased exponentially in recent years, and has provided us with many new insights. If we medical doctors and obesity researchers have learned anything over the past years, it’s that our fat is not only one of the largest organs in the body, and an important one, it’s an essential one. It provides our other organs with a continuous supply of fuel if we haven’t eaten in a while. Our ancestors needed this to survive. But fat does so much more! It also produces countless hormones, substances it releases into the blood to allow it to communicate remotely with other organs, such as the brain. For example, it produces hormones that curb your appetite if you’ve just eaten a big plate of chips, so that you don’t keep eating endlessly. Handy, huh?


There are two sides to our body fat. As long as it remains within reason in terms of size, it will be your friend and keep you healthy. But if you have too little or too much fat, it can turn into a wicked stepsister. When you’re underweight, your fat doesn’t produce enough of certain important hormones, which leads to a hormonal imbalance that can even result in infertility. And when you’re overweight, your fat releases excessive amounts of unhealthy hormones and other substances that interfere with all kinds of bodily processes and can make you sick. Conditions linked to overweight include diabetes (type 2 diabetes, which we will refer to simply as ‘diabetes’ in the rest of the book), infertility, depression, and also some kinds of cancer.


We feel it’s important that you gain knowledge for yourself so you can put this knowledge to good use in your own life to reduce (or increase) your fat mass, make it healthier, or prevent it from inadvertently becoming larger.


In this book, we introduce you to various patients we’ve encountered in daily practice. Some of them have common body-fat problems (such as overweight or conditions caused by overweight) that will be familiar to many people. Even so, you will see that everyone deals with these problems in their own unique way, and we find this inspiring. We have also decided to tell the stories of a few patients with extremely rare disorders involving their body fat, who have made a lasting impression on us. Over the past few years these special patients have provided science with numerous insights into the amazing way our body fat works, and studying them has led to the deciphering of many of its secrets.


Using both ordinary and extraordinary stories, we take you on a journey through this fascinating organ. How does our body fat actually work? And why does one person have lots of it and another only a little? Do hormonal disruptions have something to do with this? Is too much fat harmful for everyone to the same degree? Why do diets often fail or have only temporary results, and how do you ensure that you maintain a healthy weight over time? Should you avoid stress, stand out in the cold to stimulate fat burning, and make use of other smart strategies? And how do your sleep/wake cycle, your appetite-regulating hormones, and medication affect your fat mass? We all know that unhealthy diet and lack of exercise play a major role in the obesity epidemic. But, in recent years, many other things have also come to light, and it turns out there is an entire world of hidden contributors to overweight! The good news is that you can exert a positive influence on a number of these things yourself, and in this way you can often regain control over your own weight. We’ll discuss all of these topics in this book. And we’ll give you plenty of practical tips you can use right away. Welcome to the wonderful world of our body fat!


Mariëtte Boon & Liesbeth van Rossum
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A look at the history of fat
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WHY FAT WAS ESSENTIAL TO EVOLUTION


In our modern world there is plenty of food, and you don’t have to put much effort into coming up with a week’s worth of provisions. You can go to the supermarket on Saturday morning and load up your shopping trolley. Or you can make it even easier on yourself and order your groceries online. But it was very different for our prehistoric ancestors, who had to hunt for their food, and roamed from place to place. This meant that they had to cover many kilometres every day and work very hard, and in spite of this they sometimes still came home empty-handed. Luckily, they had reserves they could always fall back on: their body fat. On days when there was no food available, their body fat would release energy so that important organs like the brain and heart could continue to function. Fat was crucial to survival.


Some of our ancestors were lucky enough to be equipped with an exceptionally efficient energy system. They were able to extract a great deal of energy from only small amounts of food and store this as fat, and they also burned this fat very efficiently. This favourable combination led to more fat reserves, and in times of hunger they could live off these reserves for longer.


So, in prehistoric times, only those people with a substantial amount of body fat could survive harsh conditions such as a prolonged famine. In other words, they had an evolutionary advantage, and this was vital to the continued survival of our species. In prehistory, then, a large amount of body fat was exceptionally prized, perhaps even worshipped – as evidenced by the discovery of a number of mysterious Stone Age statuettes. The most well known of these is the Venus of Willendorf (see Figure 1), which dates from around 25,000 BC. The statue depicts a woman with a rounded belly, large breasts and broad hips, and is thought to be a fertility symbol. This is ironic, considering severe overweight (obesity) actually leads to reduced fertility.
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Figure 1. The Venus of Willendorf.


About 10,000 years ago, following the hunter-gatherer period, a significant change took place: people settled in one place, the first step in the creation of villages and towns. They kept livestock and cultivated agricultural crops on the land, and could therefore stockpile food. From that moment on, periods of severe famine were less common, although people were still subject to the whims of nature, because crops could fail. For this reason, body fat continued to be an important friend to humans, and this remained the case up until the eighteenth century.


What came next was a period that Robert Fogel, winner of the 1993 Nobel Prize in Economics, called the ‘second agricultural revolution’. In his book The Escape from Hunger and Premature Death, 1700–2100, he describes how during this period everything changed. In short, it came down to this: improvements in (agricultural) technology led to greater availability of food. This meant that people – who until then had always been small and lean – were able to grow in both height and girth. They became stronger, so had more strength and energy to work even harder, which led to economic growth, new technological developments (e.g. machines), and . . . even greater availability of food. So the population of the Western world ended up in a kind of positive spiral.


But there was a downside to this. At a certain point, people reached the maximum height determined by our genes, while the abundance of food continued. What’s more, machines had started doing part of the work, which meant that people didn’t have to work as hard. From that moment on, evolution slowly began to turn against us. While using and storing our energy efficiently had once held a great advantage, the wide availability of food and less intensive physical labour meant that people consumed more fuel than they could burn, which resulted in surplus fat reserves. While people had once been small and thin, the streets were now increasingly filled with people who were struggling with overweight and obesity. It took a long time before overweight was seen as a medical problem, which had everything to do with the good reputation fat had long enjoyed.


HOW FAT TRANSFORMED FROM BEING
A GREAT FRIEND TO A GREAT ENEMY


The way we view body fat has changed dramatically over the course of history. Just as with hairstyles, what is seen as the ideal amount of body fat is also subject to the whims of fashion. We’re all familiar with the voluptuous women with their broad hips and small breasts who graced the paintings of Peter Paul Rubens in the early seventeenth century. This image is now so well recognized that voluptuous women are sometimes said to be Rubenesque.


In ancient Egypt, the streetscape was very different, and the women who strolled along the streets back then were toned and slender. They would make up their eyes with thick lines of kohl, and created complex hair styles. In ancient Greece as well, people (and men in particular) had to be slender and toned. The Greek philosopher Socrates was said to jump up and down every morning to stay slim. According to what we know of the ancient Spartans, fat people were even banned from the city. From the late Renaissance, people wanted to be plump. Just like Peter Paul Rubens, Michelangelo portrayed curvaceous women in his frescos in the Sistine Chapel. Curvaceousness remained popular in the nineteenth century, and was associated with wealth, success and power. This was also not surprising in an age when food was still relatively scarce for many sectors of the population. And when something is in short supply, everything associated with it becomes desirable.


Let’s have a look at the early twentieth century. In the tiny town of Wells River, Vermont, in the United States, every year, hordes of men – all of them with large bellies and double chins – would gather together in the local tavern for a weekend of fun. This tavern was the headquarters of the New England Fat Men’s Club. Yes, you read that right – this club was created especially for fat men! The club was intended mainly for networking among wealthy businessmen. To qualify for membership, you had to weigh at least 100 kilos and have plenty of money. Influential politicians were also among the members. And the New England Fat Men’s Club was by no means the only club of its kind. At the start of the nineteenth century, these kinds of fat men’s clubs were springing up everywhere, particularly in the United States but also in France. Fat was in its heyday. Its good reputation was also clearly reflected in the literature of the day. In books by authors such as Charles Dickens, an overweight child was a ‘wonderfully fat boy’. Other writers also ascribed positive characteristics such as ‘cheerful’, ‘amiable’ and ‘good-humoured’ to fat people. But that would soon change . . .


Initially, fat’s reputation began to decline and become less popular because people simply no longer considered it to be attractive. Around the start of the twentieth century, the ideal was to be slender. From the 1920s, companies hoping to earn piles of money capitalized on this trend. In 1925, cigarette manufacturer Lucky Strike launched a new advertising campaign with the slogan ‘Reach for a Lucky instead of a sweet’. Strictly speaking, this works, since the nicotine in cigarettes is an appetite suppressant. Although a cigarette is anything but a good alternative to sweets, of course, it certainly was a clever advertising slogan. In the 1930s, a very successful but also dangerous diet pill came onto the market: dinitrophenol, or DNP. This pill caused body cells to go into combustion mode en masse. Although people shed many kilos, they burned fat at such a high rate that they literally overheated. Some women even died as a result, which led to the pill being taken off the market in 1938. However, eighty years on, it is shocking to note that the pill can still be ordered illegally on the internet. In the 1950s, a new ‘miracle drug’ came onto the market that was tested by celebrated opera singer Maria Callas, with successful results. She lost more than 30 kilos by taking a pill that contained tapeworm eggs. These grew into long, hungry tapeworms that caused her to lose weight. Although this was certainly effective, it was also both nasty and dangerous. In the 1960s it was fashionable to be thin, and this was further reinforced when the svelte Lesley Hornby (‘Twiggy’) became a hugely popular model in the UK. Young women in particular wanted to look like her, and not be merely thin, but ultra-thin. The drive to lose weight persisted, and, in 1963, Jean Nidetch – a housewife who said she was obsessed with biscuits – founded the slimming club Weight Watchers. Since then, Weight Watchers has grown into a major slimming empire. Over the past few decades various popular diets have come onto the scene (including Atkins, South Beach and others), and around the turn of the century there were even TV shows where people tried to lose as much weight as possible (to name just two: The Biggest Loser and Obese). From the beginning of the twentieth century, the desire to be slim was increasingly accompanied by a negative view of people who were overweight or living with obesity. Literature no longer spoke of overweight people in terms of being ‘cheerfully chubby’ but as ‘unsightly fatties’. Also, it was generally accepted that, if you were overweight, it must be your own fault. And that you were ‘weak’ if you couldn’t eat in moderation. Although overindulgence is by no means always the cause, this stigma has huge psychological consequences for many people who struggle with overweight, as we will see in Chapter 11.


Body fat had clearly fallen into disrepute. At the start of the twentieth century this was reinforced when scientific studies conclusively demonstrated that there was an association between obesity and higher mortality rates. It is interesting to note that the first of these studies were conducted by insurance companies. From that moment on, the good reputation fat had enjoyed was lost forever, and from the 1930s it was generally accepted that having too much body fat was a health problem. But how fat impacted health would remain a mystery for a very long time.


THE DISCOVERY OF THE FAT CELL


Let’s return to the ancient past. Around the fourth century BC, the Greek physician Hippocrates – who is considered to be the founder of modern medicine – noticed that sudden death was more common among overweight people than among those who were slender. He also noted that obesity was a cause of infertility in women. And he was right, even though he had a different explanation for this. According to him, being overweight made it more difficult to have sexual intercourse, and this made women less fertile. Of course, at that time people were not yet aware of the existence of hormones, let alone the way in which excessive body fat can severely disrupt our hormonal system.


For a long time after, the literature contained little about overweight. It’s hard to determine at what point people learned that overweight was the result of excess body fat and not due to an accumulation of another substance in the body, such as blood. There had to have been a moment in history when someone conducting an autopsy (cutting open a body) noticed that a person with obesity had a thicker layer of subcutaneous fat (fat beneath the skin) – which is yellow and spongy – than a person who was slender. It is important to note that, for centuries, until the Renaissance, for ethical and religious reasons it was taboo to cut open human bodies, at least in the Western world. Bodies of the deceased were supposed to remain intact, which is probably why so little was written about this. This changed in the eighteenth century, when countless books and articles appeared about the causes and consequences of overweight. These included some very interesting theories, and, in retrospect, some of them were particularly imaginative.


In 1727, Thomas Short wrote that he believed the fat organ to be made up of ‘vesicles’ (sacs) of fat that were separate from the blood. This was an extremely advanced theory at a time when the entire concept of organs being made up of things called ‘cells’ was still in its infancy. He also believed that overweight was caused by an accumulation of both blood and ‘oily parts’. According to him, this accumulation resulted from not sweating enough, and so he proposed sweating more as a treatment for overweight. If what he meant by this is that overweight people should exercise more, he had unwittingly given his patients good advice.


Scottish physiologist Malcolm Flemyng was a student of Dutch scientist and researcher Herman Boerhaave in the city of Leiden. Around 1760, he was considering various potential causes of overweight. The first one – that it was caused by consuming too much food, especially fatty food – was right on target. However, he noted that not all overweight people were by definition big eaters, nor were all slender people necessarily light eaters. Another possible cause was related to the ‘fat vesicles’ Thomas Short had written of. Flemyng also believed that fat was stored in vesicles enclosed by a membrane. In his view, when these membranes were too limp, it was easier for the vesicles to stretch, and so it was also easier to become overweight. He also wrote that the presence or absence of such ‘lax membranes’ could run in families. He was thus one of the first to suggest a genetic cause for overweight. Another possible cause of overweight postulated by Flemyng was also in line with the views of Thomas Short: namely, a disruption in the excretion of fluids. He believed that part of the fat in our diet had to be eliminated through sweat, urine and faeces. If this didn’t happen to a sufficient degree, your body would store this in fat vesicles and you would become overweight. To remedy this last ‘problem’, he had also come up with a few good solutions, all of which were aimed at increasing elimination. One of these was rather unpleasant, and involved eating a piece of soap on a daily basis. He described a patient who was said to have lost 14 kilos over the course of two years by eating 2 to 4 grams of soap every day. The theories of Short and Flemyng – that our fat tissue was made up of ‘vesicles of fat’ – were certainly not ill-conceived. The invention of the microscope by Dutch scientist Antonie van Leeuwenhoek in the seventeenth century made it possible to examine tiny fragments of tissue from organisms, including plants and people, at microscopic level. This eventually resulted in the ‘cell theory’ (see Box 1). After cells were discovered, at the end of the nineteenth century came the discovery of the fat cell as the building block of our fat tissue. And so for a very long time it was generally believed that the fat cell was used for storing fat only, and that together these fat cells formed our fat organ, which enclosed our body in a snug layer and also protected our organs from bumps and jolts.


In the 1990s, this view changed dramatically when fat cells themselves were found to produce hormones, substances that are released into the blood and that can have various effects on other organs. Remotely! And it emerged that fat sends signals to our brain. What’s more, fat can have an effect on our behaviour – not just our eating behaviours, but also our mood. Fat suddenly went from being a passive organ to an active one. A new and fascinating field of research was born, research into the many mysteries of fat! Exciting discoveries were made in rapid succession. And every year, hundreds of scientific articles continue to be published, revealing even more of these secrets. But let’s start with the basics: how does fat actually work?




Box 1. The cell as building block


All organisms – such as people and plants – are made up of cells. A human being consists of 100,000 billion cells. The cell is the smallest unit within an organism. It consists of a nucleus, in which genetic material (DNA) is stored, and also large numbers of organelles, tiny ‘machines’ inside the cell that keep it running. An example of an organelle is the mitochondrion, which regulates cellular metabolism. Although all cells have the same ‘blueprint’, the cells of the various organs can look very different and have completely different characteristics. For example, a muscle cell is very different from a fat cell. Together, cells are the building blocks for tissues, which make up the various organs, such as the heart, the lungs and . . . fat.
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Fat as an essential organ for storage
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Just as a car needs petrol to run, we also need fuel to – quite literally – move forward. We use a considerable amount of energy every day. Our heart is constantly pumping blood through our body, we breathe an average of twelve times a minute, and our liver and kidneys purify our blood by removing waste products. And that’s when we’re at rest. When we exercise, we expend a lot more energy and therefore we need more fuel. Our body uses basically two kinds of fuel: sugars and fats. In contrast to what many people think, fats are the most important fuel for most organs. This is because, when they’re burned, fats provide the most energy, much more than sugars. Our body is smart when it comes to fat, which is why it makes sure we generally have enough of it. It uses our fat very efficiently. You see, fat is not just our body’s most valuable fuel, it also has other essential functions. For example, our body cells are enclosed in a layer of fat, and fat forms a sheath around our nerve fibres to enable the nerves to transmit their signals quickly so that we can think and move quickly. Are you already starting to love your fat a little?


But where is our fuel actually stored? In a car, this is clear: there’s only one place it can be, and that’s in the fuel tank. In our body, though, the fuel is found in a number of places. A limited amount of fuel – both fats and sugars – flows freely in the bloodstream, ready to be absorbed by the cells when needed. This fuel supply in the blood is constantly being absorbed, and is replenished when you eat. A problem immediately presents itself here. What happens if you don’t eat for a while – for example, when you sleep through the night? Or because there is simply no food available at the time, as was often the case for our ancestors? Or what if we have eaten but then work out, thus burning more fuel? In all of these cases, we put our stored fuel supplies to good use. They make sure we don’t collapse if we skip a meal, and that we can jog or play tennis for an hour with no ill effects – as long as you’re not too out of shape, of course. Since our body runs on two kinds of fuel, we also have two kinds of fuel supplies – one for sugar and one for fat – that we can tap into when the fuel in our blood is running low.


GLYCOGEN: STORED SUGAR


Our smallest fuel supply is our stored sugar. This is not sugar in the form of granulated sugar, cane sugar, or beet sugar, but the form of sugar we call ‘glucose’. To be able to store glucose in the most efficient way possible, it’s clumped together into a large ball. These clumps of glucose molecules are called ‘glycogen’, and are found in two places in the body: in the liver and in the muscles (see Figure 2). If the amount of glucose in the blood gets too low (a ‘blood sugar dip’) – for example, because you haven’t eaten anything for some hours – some glucose will be ‘clipped’ off the glycogen in the liver and released into the blood. Your blood sugar level will then rise again, and you’ll be able to keep going. The muscles have their own supply of glycogen, and the glucose released from this supply is used only for the muscles themselves – for example, during vigorous exercise. This is smart, because glucose can be broken down faster than fat, and is thus able to provide energy more quickly.
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Figure 2. How glycogen and fat is stored in the body.
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Figure 3. Using fatty acids and glucose as fuel.


So exactly how much energy does this glucose supply provide? A total of around 500 grams of glycogen is stored in the liver and muscles. Burning 1 gram of glucose yields 4.1 kilocalories, so a total of between 2,000 and 3,000 kilocalories is stored in the glycogen. Is this a lot? It depends on how you look at it. Assuming that you burn 2,000 kilocalories a day (which is what an adult woman of average weight who exercises moderately intensively every day would burn), you wouldn’t be able to live off of your glycogen stores for even a day and a half if you didn’t eat. And actually not even for that long, because initially you only make use of the glycogen stored in the liver. Glycogen thus isn’t the energy supply our ancestors relied on if they had to survive without food for an extended period of time. This energy supply is not intended for this, either. Your glycogen stores are used when energy is needed fast. This is because glycogen can rapidly be broken down into glucose molecules (see Figure 3), and glucose can, in turn, be converted into energy of any sort. This is handy if you find yourself sprinting to catch the train. Or, as was the case for our ancestors, if you’re being chased by a tiger. When we haven’t eaten for more than three hours or if we have to do something that requires sustained effort, we tap into our body fat.


FAT: A HANDY STOREHOUSE


Our body fat provides us with much-needed energy when no food is available for an extended period of time. And so, over the centuries, our body fat has evolved into a veritable storehouse for energy. It forms early in development, when the foetus is only the size of a walnut, not only under the skin but also in the belly, around the organs. At first, the foetus has only a very modest amount of body fat, and it contains little actual fat. There is no urgent need for it yet, because as long as the foetus is safely inside the womb, the placenta provides fuel through the umbilical cord. However, as the pregnancy reaches its conclusion, the foetus has to be prepared for life outside the womb – it can be cold out there, and it still remains to be seen whether enough nourishment (breast milk) will be available right away. So, to bridge this initial period, at the end of the pregnancy the foetus develops a nice supply of fat. Babies who are born prematurely don’t have this fat supply yet, and so they can’t keep themselves warm. This means that they have to first spend time in an incubator, a warm and cosy nest in which the newborn needs very little energy to stay at the right temperature. And, over time, the fat store develops on its own.


Our ‘body fat organ’ is spread out over our entire body, as you may have noticed (or would rather not notice) about yourself. The two largest fat masses are found in the belly around the organs (we also refer to this as ‘belly fat’) and fat just beneath the skin (‘subcutaneous fat’). This subcutaneous fat can be found virtually anywhere, such as in your face (including the familiar ‘double chin’), in your feet and in your upper arms. However, to many people’s dismay, most subcutaneous fat is found in the abdominal region and in the buttocks and thighs. Why is our body fat so good at storing fat? This is because our body fat is made up of no fewer than 50 billion extremely elastic little balloons known as ‘fat cells’. Every one of these fat cells is able to store fat, and can stretch considerably if necessary. When you look at a piece of fat under the microscope, you see that fat cells do in fact resemble tiny balloons – or indeed ‘vesicles filled with fat’ (see Figure 2), just like Short and Flemyng suspected back in the eighteenth century.


But a fat cell is certainly not just a tiny balloon filled with fat – this would by no means do justice to our fat tissue. A fat cell is and does much more than this. For example, a fat cell also has a nucleus and organelles (tiny ‘machines’) that allow it to make proteins, which makes the fat cell unique. These proteins include the various chemical messengers (in this case, hormones) that make fat such a special organ. And just like every other body cell, fat cells contain special tiny ‘power stations’ called mitochondria that are responsible for metabolism. We can see the importance of our body fat from the story of Natalie, who turned out to have a rare body-fat disorder.




WHAT IF YOU DON’T HAVE ANY FAT? NATALIE’S STORY


Natalie was eighteen years old, a slender, enterprising young woman from a warm family. But her carefree life came to an abrupt end when her periods became irregular. And that wasn’t all. ‘I was exhausted, and every move I made was painful. The doctors thought it was glandular fever. But I continued to feel awful, and developed even more symptoms. I could no longer tolerate fatty foods, and was nauseous and vomited a lot. This couldn’t all be due to glandular fever, could it?’


Time passed, but Natalie didn’t get better. A blood test showed that her blood sugar level was far too high, and at the age of twenty-one she was diagnosed with diabetes. Had this disease been the cause of all of her problems? ‘I had to give myself insulin injections, but no matter how much I injected, my blood sugar barely dropped. I was starting to feel desperate. And I was still so tired – I was just barely able to work. It took everything I had, and after work I didn’t have the energy to cycle home. The doctors were baffled, and I was at my wits’ end. Everyone started to wonder whether there was something more going on here.’


Natalie was referred to a specialist in internal medicine, who noticed that, while her arms and legs were extremely thin, her belly was noticeably rounded. An MRI (magnetic resonance imaging) scan was done, and the results were unusual. ‘It turned out I had almost no subcutaneous fat. Instead, there was lots of fat in places it didn’t belong, such as on my heart. My liver was also extremely fatty and had become enlarged. That’s why my belly was so big! And that’s also why I was always so nauseous and why I couldn’t tolerate fatty foods. Even though I didn’t have any subcutaneous fat, it turned out that the triglycerides [fats] in my blood were very high.’


Natalie was diagnosed with lipodystrophy. This is a rare body-fat disorder that occurs in only one in ten million people. With this condition, for one reason or another, the subcutaneous fat is unable to store fat. Although it contains fat cells, these are virtually empty, and resemble flat, flabby little sacs. This means that the fats have to go somewhere else. They float along in the blood and are deposited at various places – for example, in the belly fat around the organs, which is still able to store fat. A large amount of fat is also stored in other organs – in Natalie’s case, this was on her heart and liver, but this could also be around the kidneys. Over time, when fat is stored in these places it can become very dangerous. For example, this can lead to cardiovascular disease, kidney failure and liver disease. Moreover, when fat accumulates in organs, it interferes with the absorption of glucose by these organs and means that the glucose remains in the blood. This causes the blood sugar level to rise, and the person will develop diabetes. As you can see, if your body fat doesn’t function properly, the fats and sugars continue to circulate in the blood and ultimately end up in places they don’t belong.


Natalie is now thirty-seven, married, and works nearly full-time for a wholesaler. How are things with her at present? ‘Right now I’m taking an experimental drug from the United States. Although this won’t bring back my subcutaneous fat, it will remove some of the fat from my organs. In the meantime my belly is less swollen, and my sugar metabolism has improved. I also have more energy. I’ve got my life back.’ She even has enough energy for her hobbies – she loves to cycle and enjoys being outdoors. She continues to take the drug from the United States.


Natalie’s story shows just how important it is for our body fat to function properly.





YOU CAN LIVE OFF YOUR
FAT FOR A LONG TIME


Now we’ll take things a step further and have a better look at our fat ‘storehouse’ – how does fat from our body fat get sent to other organs to be used as fuel? When we talk about the fuel ‘fat’, which is suspended in our blood and which can be absorbed and burned by organs, what we’re referring to are fatty acids. These are long ‘tails’, or chains, that are usually made up of sixteen to eighteen carbon atoms. Just like glucose, fatty acids are also cleverly packaged so that large numbers of them can be stored without taking up too much space. You can compare it to a zip file on your computer. This is why fatty acids are stored in bunches of three in the form of what are known as ‘triglycerides’ (see Figure 2). Thousands of tightly packed triglycerides are stored in a single fat cell. This is a huge amount of fuel, a real goldmine. As soon as you haven’t eaten for a few hours, or if you’ve been physically active for an extended period of time (for example, exercising or doing housework), this fuel will be tapped into. At this point, fatty acids will be ‘clipped’ from the triglycerides, released into the blood and then sent to the organs that need fuel (see Figure 3). So, in this way, fuel (in the form of fatty acids) is literally ‘sent’ from your fat to your other organs.


Our fat tides us over during times of hunger. But how long can this last? In other words, how long can we live off our fat? Chemistry research studies have shown that burning 1 gram of fat yields 9.4 kilocalories. If you’ve been paying attention, you will have noticed that this is more than twice as much as the 4.1 kilocalories you get when you burn 1 gram of glucose. This is why our body stores fuel not only as glycogen but preferably in the form of fat. Wouldn’t you rather put petrol in your car that lets you drive 700 kilometres instead of just 200? If we wanted to store the same number of calories as glycogen, we would have to lug around many more kilos. And our fat reserves weigh quite a bit as it is. A healthy adult weighing 70 kilos has around 14 kilos of body fat. Since burning 1 gram of fat yields 9.4 kilocalories, this is equal to a total of 131,600 stored kilocalories – an enormous amount! As mentioned earlier, a woman of average build, who exercises moderately intensively every day, burns about 2,000 kilocalories a day, and a man around 2,500 kilocalories. This means that you can live off your fat reserves for an average of 66 days (for a woman) or 53 days (for a man), as long as you don’t become more active.


In practice, you would actually be able to manage for even longer, because we have a third energy supply, one we would rather not tap into unless our life depends on it. This is our protein reserves. A healthy adult who weighs 70 kilos is carrying around nearly 10 kilos of protein, half of which can be broken down into tiny pieces known as amino acids, which are then used as fuel. Your body would rather not touch this energy supply, because the body’s own proteins are not intended to be used as a source of energy. These proteins are an important constituent of muscle, including the heart muscle and respiratory muscles, and also play a role in defending the body against pathogens. This becomes clear in patients with the disease anorexia nervosa, who eat very little or nothing at all for an extended period of time. Along with having very little body fat, a person with anorexia also has very little muscle, because the body has broken this down to get enough energy. Moreover, even the most innocuous viruses, bacteria and funguses can make someone with extreme anorexia sick because their immune system can no longer fight them.


FAT LOVES SUGAR – AND SO DO WE


Eating is one of the major ways we replenish our energy supplies. And that works out well, because most people love to eat. So do we, by the way. The food you eat contains three different building blocks: sugars, fats and proteins. Before our food can be absorbed by the gut, it first needs to be broken down into smaller pieces. This is aided by digestive enzymes, which can be seen as tiny ‘scissors’ that snip large pieces of food into small building blocks.


To start with, let’s have a better look at the building block ‘sugar’. ‘Sugar’ often refers to carbohydrates that consist of just one or two building blocks, and are generally known as ‘simple carbohydrates’. An example of this is granulated sugar. Most sugars are made up of glucose, fructose, or a combination of the two. Fructose occurs naturally in foods like fruit and honey, and because of this is also called ‘fruit sugar’. Because fructose is so sweet, it’s also used as a sweetener in a wide range of products, such as biscuits, chocolate and sweets. There are also carbohydrates, for instance starch, that consist of long chains of glucose. This type of carbohydrate is found in foods like bread, potatoes and pasta. Furthermore, there are carbohydrates we call ‘complex carbohydrates’. These complex carbohydrates form fibres, and occur along with fibre in such things as vegetables, wholewheat pasta and bread, brown rice, lentils, fruit, nuts, legumes and seeds. Complex carbohydrates are generally the healthier form of carbohydrate.


Glucose and fructose (the simple carbohydrates) can be absorbed directly by the gut. The complex carbohydrates first have to be ‘snipped’ into individual sugars by digestive enzymes before they can be absorbed by the gut. The more complex the structure of the complex carbohydrates (for example, when there are many side branches), the more time and effort it takes for the enzymes in your gut to snip them into pieces. After you eat a food that contains many simple carbohydrates (so, one that contains individual sugars), your blood sugar level will rise much faster than it would after eating a meal containing complex carbohydrates (see Box 2). When you get hungry, there’s a reason you might quickly feel the urge to grab something that will make your blood sugar level rise rapidly, like a piece of chocolate. This will boost your energy fast.




Box 2. The difference between simple and complex carbohydrates


Simple and complex carbohydrates differ not only in their make-up, but also in the effect they have on our body. The table below contains an overview:
















	 

	Simple carbohydrates

	Complex carbohydrates






	Types of foods 

	White bread, white rice, crisps, sweets

	Wholegrain bread, brown rice, wholewheat pasta, vegetables, legumes
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