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Introduction



Another book about calories? As I worked on the text for this book, it seemed that every week there would be another article in the newspaper explaining what we should do to lose weight; it felt that every month another book on the topic had appeared. But I found little of that expanding literature satisfying. I am an experimental scientist. I worked in the field of hormones and metabolism for nearly fifty years. I know what the science tells us about insulin, for example, and its role in fat storage – indeed, I think I can say that I have contributed significantly to that literature. But I see half-truths and pseudo-science being peddled. How, then, is the reader to know what to believe or not to believe?


In particular, recent years have seen increasing challenges to the old belief that we have to balance our calories in and our calories out. If we don’t, we can expect our weight to change. But, people have argued, if it were that simple, why is it that telling people to eat less and exercise more doesn’t seem to help? And isn’t the real problem that, while some of us might be blessed with a super-fast metabolism to burn off the excess, most people struggle the other way? I don’t think many people (scientists included) realise just how readily we make snapshot judgements of people’s metabolism, often based on very shaky evidence. But there is a lot of science showing just how easily we are misled.


I wanted to set the record straight: the record, as I see it, based on my long career in human metabolism. I am not going to add to the plethora of books telling you what, or what not, to eat. In any case, what we eat is only one side of the story: the balance between calories in and calories out. Far less has been written about the ‘calories out’ side, and yet the two are intimately linked and need to be viewed as a whole. This book will present the science behind ‘calories in–calories out’. In later chapters I shall tell you what we know from decades of research about what people eat and how much they exercise, and their effects on body weight. An understanding of the science of energy balance has to underpin anyone’s attempts to regulate their own body weight.


My specific research interests for the past few decades have been in understanding how the body handles the nutrients that we eat, how they interact, and how we store them away and then release them from stores when needed. I have, for the last half of my career, worked especially on the way in which our bodies store and mobilise fat. Those interests led, naturally, to my assimilation into the obesity and diabetes research fields, and acquaintance with many of the senior and influential figures in that field.


My own research has covered a number of clinical aspects.For a large part of my early career, I worked in a research unit established by the UK Medical Research Council, the MRC Trauma Unit, based in Manchester, with a remit to investigate the metabolic changes in people who had been injured, or were otherwise seriously ill. That led me gradually into the question of how best to feed such patients to aid their recovery. About mid-career, I moved to a diabetes research unit at the University of Oxford, which gave me the opportunity to study not just people with diabetes, obesity and other metabolic issues but also broader questions about how nutrients interact within the body. From this long and varied experience in human metabolism, I have developed views about how the human body works. My experience of studying what would be called ‘intermediary metabolism’ – what goes on inside our bodies – has given me very clear opinions on the energy balance and body weight issue. Anyone who knows me will recognise it when I say that I am a firm believer in the idea that energy balance underlies human body weight regulation. I often summarise this as ‘it all comes down to calories in–calories out’. I do not believe we need to invent alternative ways of looking at the issue. But more and more I find that I am out on a limb in this belief. That is what spurred me to write this book.


I know that what I have to say will be controversial. I will present my view of the science that underlies body weight regulation. Others have different views, and many have put these in writing. I certainly don’t want to offend anyone who thinks that I am making light of the difficulties in regulating one’s body weight. Indeed, I shall try very hard to explain exactly why I think this is extraordinarily difficult – as witnessed by the growing tide of obesity despite lots of public-health advice. Certainly, I agree, it’s not helping the situation to advise people to eat less and exercise more. But I don’t think that advice is unsound: I just think it’s inadequate in today’s world. I shall explain how I think the environment in the developed world would have to change to make such behavioural alterations more realistic. Lastly, I am not in any way trying to be critical of those who have issues with body weight. I understand those issues. There are sound reasons for them. ‘Fat-shaming’ is neither useful nor appropriate. And for those who are comfortable with body sizes that others might think inappropriate, I have no argument at an individual level – although the public-health implications of large numbers of people with elevated body weights are clear.


I am a scientist and a science writer. This is a science book, but one that I hope will help the reader in seeing what’s important in relation to body weight. I have tried very hard to make it readable by anyone. My experience with my last book, Understanding Human Metabolism, has shown me that I must not make assumptions about the readership’s background in science. I hope I have produced something that will be readable, interesting and informative.
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Human energy balance: A concept under threat


The world is getting rapidly fatter. In the twenty-four hours before you read this, the human race will have accumulated an additional 1,000 tons of fat. And with that comes a tide of diabetes, heart disease, cancer and other diseases. Covid-19 arrived at the beginning of 2020. By the middle of 2022, most governments had accepted that this threat has now been managed through a combination of public-health messages and medical developments. Yet, despite decades of public-health advice to eat less and exercise more, and millions of dollars of investment by the pharmaceutical industry, and billions spent on obesity-related healthcare, we seem unable to stem the advance of obesity, even though the underlying cause seems so clear.


No surprise, then, that many people, experts in the field included, have begun to question whether we have the correct understanding of the forces that shape our body weight. Everyday experience also suggests that things are not as simple as the old message of ‘calories in–calories out’. We all know someone who doesn’t seem to obey the same rules – someone who can eat whatever they like and still not gain weight, or, conversely, someone who struggles to maintain a constant weight while apparently eating almost nothing.


Here’s how the counter-arguments go. A pair of scales has ‘calories in’ on one side, ‘calories out’ on the other, together with a block of colour representing ‘weight gain’. ‘Now, who here believes that?’ asks the American paediatrician Robert Lustig in a YouTube video viewed more than twenty million times. His audience chuckle apprehensively, sensing that their simple views are about to be challenged. ‘I used to believe that,’ says Lustig, ‘I don’t any more. I think that is the biggest mistake. And that is the phenomenon I’m going to try to debunk.’1


The concept of ‘calories in–calories out’, more properly called ‘the energy balance model’, asserts that if we take in more energy than we expend, we will store the rest. Conversely, if we expend more than we take in, our energy stores will be depleted, and hence our weight will fall. It underpins all public-health advice about maintaining a healthy body weight. But now it is under unprecedented challenge.


Our daily experiences all seem to point to the fact that we just do not understand what makes some people put on weight easily, while others stay lean apparently without effort. Is it possible that some people have a naturally ‘fast metabolism’ whereas others are stuck with an inability to burn off excess calories? Or could it be, as more and more people are arguing, experts in the field included, that our understanding of human energy balance is flawed, that there are different forces at work, and that we need to rethink our approaches to body weight – and that alternatives to the energy balance model are needed?


I have just been out for a run with my jogging friends Alex and Bobby.* Alex is large framed, tall and muscular, and does a lot of weight training; Bobby is tiny in all ways, ‘petite’ one would say. We talked about whether we eat before jogging. One of my companions, it transpires, never eats before jogging, then will come home and have some porridge, then nothing more before an evening meal and bed. The other likes cereals and fruit before jogging, toast afterwards, then a succession of meals, it seems, throughout the day. Needless to say, it’s Bobby, the petite one, who seems to eat continuously, Alex who hardly seems to eat at all.


I am sure this sort of conversation is familiar to most people. Indeed, the idea that some people can eat as much as they want but not put on weight, whereas others only have to look at a cream bun to find their waistline expanding, is entrenched even in the professional literature. In 2019 scientists from Cambridge conducted a genetic study of thin people. The accompanying press release on the University of Cambridge website states: ‘We already know that people can be thin for different reasons. Some people are just not that interested in food whereas others can eat what they like, but never put on weight’ (my italics).2 The prestigious Harvard Medical School has on its website the question:


Everyone knows some people who can eat ice cream, cake, and whatever else they want and still not gain weight. At the other extreme are people who seem to gain weight no matter how little they eat. Why? What are the causes of obesity? What allows one person to remain thin without effort but demands that another struggle to avoid gaining weight or regaining the pounds he or she has lost previously?3 (My italics.)


The late well-respected obesity researcher and physician John Garrow, Professor of Human Nutrition in London, whose work we shall discuss many times, dedicated the first edition of his book Energy Balance and Obesity in Man to his wife Katharine with the words: ‘To K.J.G., 1.72 m, 62 kg, who eats what she likes’. That’s someone else with an extra-fast metabolism, then? As we shall see later, John Garrow was an acute observer of eating habits, including his own.


What does ‘energy balance’ mean?


The eighteenth-century French chemist Antoine Lavoisier, who first named oxygen, was interested in the processes that go on inside our bodies. He showed that we take oxygen from the air that we breathe in, and use that oxygen to ‘burn’ foodstuffs, in the process liberating energy. I put ‘burn’ in inverted commas. Foodstuffs do not burn with flames within our cells. They are broken down and combined with oxygen in a series of small steps (each a chemical reaction). The technical term for this is ‘oxidation’. But what Lavoisier showed is that the end-result is the same as if they had been burned in a flame. He concluded ‘La respiration est donc une combustion’4– respiration is a form of combustion. He used the term ‘respiration’ here to mean, not the act of breathing but the processes within our bodies (in fact, within our cells) that bring about oxidation of nutrients.


Lavoisier saw that the energy derived from oxidation of nutrients is liberated from the body as heat – just as when substances are burned. He did not have the means to measure heat output from the human body. But he and his contemporaries, including Adair Crawford in Edinburgh, did that with small mammals such as mice and guinea pigs.5 Lavoisier put them in an insulated chamber surrounded by ice, in turn surrounded by another packed with snow – which acted as an insulator – and measured the heat produced by seeing how much of the ice melted.6 But he was able to study human metabolism in another way, by studying his assistant, Armand Séguin, using a mask to collect the air that Séguin breathed out. Lavoisier showed that Séguin used more oxygen when he was digesting a meal, or exercising, or subjected to a cold environment. When foodstuffs (carbohydrates, fats and proteins) are oxidised, the products are heat, water and carbon dioxide. (Proteins also contain nitrogen, which is converted into other things in the body, mainly the compound urea.) We breathe out the carbon dioxide. Lavoisier measured the amount of carbon dioxide that Séguin breathed out and showed that it corresponded with the amount of oxygen used – it was another aspect of ‘combustion’.
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Antoine and Marie Anne Lavoisier, by Jacques Louis David (1788). I note that neither appears to struggle with weight issues. In later chapters we will look at what has changed in the intervening 250 years.


Lavoisier could not perform longer-term experiments. An engraving from the time, based on a drawing made by Madame Lavoisier, shows poor Séguin with an uncomfortable-looking copper mask over his face, connected by rigid pipes to a large flask in which the expired air was collected; clearly, he would not have been able to carry that around with him. But Lavoisier would surely have understood that if Séguin had taken in more food than his body could oxidise, then the excess would have been stored in his body. Alternatively, had Séguin eaten less than was required to perform the exercise that he was asked to do, then his body would have needed to draw upon some form of energy stored within it. Those two ideas take us to the heart of human energy balance.


We cannot easily measure the ‘energy’ stored in the human body. And anyway, what does this mean? When we talk about energy balance, we are referring to chemical energy. Chemical energy is energy that is locked up in molecules and can be released, usually when the molecule is broken apart, as it is in oxidation. When this oxidation occurs within our cells, as I mentioned before, it takes place in a series of small steps. But, ultimately, the energy liberated is exactly the same as if the material had simply been burned. (That was Lavoisier’s insight.) Within our cells, some of this energy will be captured for processes within the cell; for example, if it is a muscle cell, for contraction of the muscle; if it is a nerve cell, for moving charged atoms (ions) across the cell membrane to conduct a signal to an adjacent cell. Some will also be lost directly as heat. Ultimately, it will all be lost as heat, but this ‘ultimately’ might be a long way ahead: suppose, for example, that the energy is used to create more molecules of something different (like building up proteins), the heat will not be lost until eventually that new component is itself broken down.


There is a fundamental law in physics, the First Law of Thermodynamics, sometimes called the Law of Conservation of Energy, that states that energy can neither be created nor destroyed: in any isolated system, the total amount of energy is constant, although it might be interconverted between different forms of energy; for example, chemical energy may be converted to heat. It is clearly simplistic to attempt to apply that to the human body, which is far from an isolated system: things (food and excreta, for example) are entering and leaving the body, and heat is being lost to the environment. But an application of the principle in the broadest terms would indicate that chemical energy taken in (as food or drink) and energy lost as heat, or as some form of work, or excreted, must balance unless there is a change in the internal energy of the body. In turn, the internal energy of the body can mean many things. In the short term, after a meal for example, it might mean a change in body temperature; but body temperature is relatively stable over long periods, and then it’s difficult to see what a change in internal energy would mean other than a change in the body’s fuel stores. And our main fuel store is fat, as we shall see during the next few chapters.


This is one way of looking at energy balance. We can say that if somebody’s weight is stable, on average they must be expending as much energy as they are consuming in food. Strictly, we must say ‘as they are extracting from their food’, as there is always the possibility that not all the food eaten is used by the body, and that this might vary from person to person. And, when we consider ‘energy expenditure’, we must recognise that it may take many forms – not just physical activity, but also heat released from metabolism, even during sleep. Alternatively, if someone is gaining or losing weight, we can say that there must be a difference between the energy that they are obtaining from food and the energy they are expending. These concepts have been understood for centuries. The school of animal scientists, working especially in France and Germany in the nineteenth century, investigated the nutritional requirements of farm animals by feeding them different diets and noting the changes in growth and in what was excreted. Detailed human energy balance studies, as we shall see in the next chapter, were first conducted more than 100 years ago.


Although there are challenges now to the energy balance model, I am far from alone in saying that we must continue to believe in it. Jim Hill, Professor and Head of the Department of Nutrition Sciences at the University of Alabama at Birmingham, and Director of the UAB Nutrition Obesity Research Center, has served as president of both the American Society for Nutrition and the Obesity Society. He is a co-founder of the National Weight Control Registry (NWCR), said to be the largest prospective investigation of long-term successful weight loss maintenance: it is tracking over 10,000 individuals who have lost significant amounts of weight and kept it off for long periods of time.7 (We shall look at data from that study in later chapters.) Hill has written authoritative papers on human energy balance, and describes how ‘an understanding of energy balance can help develop strategies to reduce obesity’.8 When I spoke to him while preparing this text, he said he was very pleased that I was writing such a book. (Jim Hill and his colleague Holly Wyatt have written their own version, State of Slim, based on their experiences in Colorado, which has the lowest obesity rate of all the American states.) But others have pointed out the difficulties with the concept of energy balance. The late J.P. Flatt, of the University of Massachusetts Medical School, wrote about these issues since the 1960s and is regarded as something of a grandfather figure in the field. In a thoughtful review article published in 2011, entitled ‘Issues and misconceptions about obesity’, he discussed why the concept of energy balance can lead to misunderstandings,9 mainly because we should not assume that the body is in any way trying to maintain a balance of ‘energy in’ and ‘energy out’. Perhaps, he suggested, that is one reason why the energy balance concept is increasingly questioned by many in the field, as we shall now examine.


Perceived problems with the idea of energy balance


Challenges to the energy balance model for understanding human body weight have been around for several decades. But over the past few years they have grown in intensity – together with the scientific weight behind those challenges.


Why should the energy balance model be challenged? Well, firstly, our common perceptions challenge it. Alex and Bobby, my jogging friends, exemplify this. We all tend to make judgements about other people’s behaviour based on very flimsy evidence. Here’s another personal example. My colleague Fredrik Karpe, who runs the Oxford BioBank and provided data that I have used in some of the chapters, joined our research group many years ago from Sweden. Fredrik, like most Swedes, enjoys the outdoor life, and for several years persuaded me and another colleague to join him on a cross-country skiing tour in the remote Swedish mountains. One year, heavy snow prevented us from getting to our intended starting point, so we put up for a night in a nearby hotel. In the evening they served a buffet of Scandinavian food. Since working in a laboratory in Sweden in the early 1990s, I have had a great liking for the Scandinavian way of life, and indeed for Scandinavian food, so I was, of course, tempted at the buffet to a second, and probably a third, helping, trying the different dishes on offer. Fredrik remarked somewhat scornfully, ‘You eat such a lot more than me, Keith. You must have a very fast metabolism.’ Yes, Fredrik, I do when we are on holiday, there is a tempting buffet of food that I can’t normally eat, and we are about to spend several days skiing in the wilderness. But I don’t usually. And actually, because my ‘metabolism’ has been measured on many occasions, I know that there’s nothing exceptional about it. Fredrik and I are, respectively, Professor of Metabolic Medicine and Emeritus (retired) Professor of Human Metabolism at the University of Oxford. Even supposedly well-informed people can jump to erroneous conclusions from snapshots of eating behaviour.*


A more serious consideration, though, is that obesity continues to increase while we seem to be doing the right things to stop it. The US Centers for Disease Control and Prevention (CDC) survey, the National Health and Nutrition Examination Survey (NHANES), reports annually on nutrient and energy consumption by a representative sample of the US population. Their data for males aged 20+ for 2001/2 show a daily intake of 2,620 kcal; for females the figure is 1,850 kcal.10 The equivalent data for 2017/1811 show figures of 2,490 kcal and 1,850 kcal respectively: energy consumption by men appeared to fall by 5 per cent, while that of women remained unchanged. Over an approximately similar period, data from the US National Health Interview Survey, covering the years 1997–2017, show a steady increase in the percentage of adults who met physical activity guidelines for leisure-time aerobic activity.12 (The data are based on household interviews.) And yet the prevalence of obesity continues to increase. Again, the CDC provide the data for US citizens: ‘from 1999–2000 through 2017/18, US obesity prevalence increased from 31 per cent to 42 per cent. During the same time, the prevalence of severe obesity increased from 5 per cent to 9 per cent.’13


In the United Kingdom, figures are similar. Public Health England, a branch of the UK government, conducts an annual survey of household and individual food and nutrient consumption. Summary data for a recent eleven-year period, 2008–2019, show a steady decline in energy intake in all age groups and both sexes.14 The UK’s Active Lives Survey by Sport England, an ‘arms-length body of government’, gives data on physical activity in the population. It covers a more limited time span, but nevertheless over the years 2015/16 to 2019/20 the percentage of those surveyed (almost 200,000 individuals) who met the criteria for being ‘physically active’ was fairly constant.15 But, yet again, the proportion of the adult population who are overweight or obese has continued to climb over these periods. The National Health Service (NHS) Health Survey for England shows that the proportion of English men classified as ‘obese or overweight’ increased from 58 per cent to 68 per cent over the period 1993–2019; for women, the increase was from 49 per cent to 60 per cent.16


Very recent global data show the changes from 1990 to 2022. The worldwide prevalence of being underweight has fallen, while the prevalence of obesity has increased dramatically in many countries, including in children.17 And yet it is difficult to believe that the public-health messages about weight have not percolated through to practically everyone.


What are we to think? Perhaps all our attention, which has been focused on encouraging people to eat less and exercise more, has been misplaced. This is the starting point for much of the current debate.


A good flavour of the recent discussion among nutritional scientists is given by a ‘Perspective’ article published in 2021 in the American Journal of Clinical Nutrition, a flagship journal of the American Society of Nutrition, by David Ludwig, endocrinologist and researcher at Boston Children’s Hospital and Professor of Pediatrics at Harvard Medical School, together with a group of seventeen international and well-respected authorities in this field as co-authors. This, therefore, is a powerful and persuasive group arguing against what I myself have come to believe after a long career in metabolism. The thrust of their argument is this. The epidemic of obesity in developed countries continues apparently without pause. Our attempts to counter this epidemic have centred on the issue of energy imbalance. And yet, to quote the authors, ‘obesity rates remain at historic highs, despite a persistent focus on eating less and moving more, as guided by the energy balance model (EBM). This public-health failure may arise from a fundamental limitation of the EBM itself.’18


These eminent authors instead suggest a model in which carbohydrate intake plays the dominant role, acting through the hormone insulin: ‘in the carbohydrate-insulin model (CIM), a crucial effect of diet is metabolic, by influencing substrate partitioning. Rapidly digestible carbohydrates, acting through insulin and other hormones, cause increased fat deposition, and thereby drive a positive energy balance.’ This carbohydrate-insulin model has been widely promoted in recent years as the key to understanding human body-weight issues. The American science journalist Gary Taubes has been one of its major champions. (Taubes is a co-author on the paper by David Ludwig mentioned above.) Indeed, in a direct challenge to the medical establishment, Taubes published an essay in the British Medical Journal in 2013 in which he argued, as he has in his books, that ‘the wrong hypothesis [the energy balance model] won out and that it is this hypothesis, along with substandard science, that has exacerbated the obesity crisis and the related chronic diseases’.19 The energy balance model is not just wrong, he implies, but it is actually making obesity worse.


An emphasis on carbohydrate intake and its metabolic effects has been a consistent theme in challenges to the energy balance model. If this were the case, changes in carbohydrate intake would be the key to solving the obesity issue. And, undoubtedly, for many people a reduction in carbohydrate intake does seem to have been helpful in managing body weight. So is it time to abandon the concept of energy balance and focus instead upon individual nutrients, especially carbohydrates, in the diet?


But there are other, and sometimes opposite, views of the roles of individual nutrients. J.P. Flatt, in the article mentioned earlier, states that ‘it is not surprising that a high incidence of obesity is typically encountered in sedentary populations consuming diets providing substantial amounts of fat . . . In most animal models high-fat diets similarly promote fat accumulation.’ Perhaps, then, we ought to be thinking about fat in the same way as carbohydrate. But I would say that any focus on individual nutrients distracts us from the centrality of energy balance. I will argue in later chapters that metabolic effects of individual nutrients, however much they might seem related to energy storage and release, cannot in themselves cause changes in body weight: a calorie is a calorie, whether it be from carbohydrate or fat or protein. And the key issue is that if our weight is on an upward (or downward) trajectory and we want to change that situation, we need to adjust the balance between ‘calories in’ and ‘calories out’.


A recent development is the idea that something in our environment has changed – other than the rather obvious availability of attractive, energy-rich foods and a panoply of labour-saving devices. Again, a serious body of academics, led by Robert Lustig, has been putting forward the idea that some chemical contaminant in the environment is changing the way we store excess energy: the ‘obesogen hypothesis’.20 That bears some similarity to the idea, popular a decade or two ago but now out of favour, of a viral cause of obesity.21 I wouldn’t argue that either of these cannot be true. But I would argue strongly that they are quite unnecessary hypotheses, and that science mostly progresses by taking the simplest explanation for observations. I think we all know what that is.


I receive a steady stream of emails from people who have read my student textbook on human metabolism, sometimes commenting what hard going it was (it was never intended for the general public), but contacting me because they think I will be able to shed light on their difficulties with body weight, or else that I will support their latest ideas on how to deal with weight issues – or even run marathons. Here’s a recent example from Chris, a regular correspondent. ‘Would a period of time restricted eating (fasting until lunch) paired with controlled dietary fat intake during the feeding window result in a net fat loss if the total daily kcal consumption equals or exceed the kcals expended?’ I’m afraid that my response was once again that it all comes down to calories in–calories out. Time-restricted eating, intermittent fasting – so many of these ideas are just ways of altering energy intake: they do not change the underlying principle of energy balance.


My own belief, which I shall set out over the coming chapters, is that we – even the experts – are easily misled over questions of energy balance. Our knowledge is based upon shaky observations. And even if intake of individual nutrients can be manipulated to give short-term effects, that is a feature of energy balance, calories in versus calories out, not of special metabolic effects of individual nutrients, as many believe.


Issues closely related with body-weight regulation


When I happen to mention that my career has been spent studying human metabolism, it never fails to attract a response such as ‘Oh, can you tell me why mine is so slow?’ As we have seen, there is a persistent belief that some people (usually other people) just have an innate ability to ‘burn off’ excess calories – to ‘eat ice cream, cake, and whatever else they want and still not gain weight’, as the Harvard Medical School sees it. Indeed, since I have somehow remained slim for most of my life, I must admit that I have also sometimes wondered if I have such a ‘trick’ of metabolism. Certainly, the question has been asked of me many times when I have given lectures on obesity or how we store fat in our bodies, ‘What can you know about it, Keith?’ And, in writing about obesity, I know that the criticism may be levelled against me that I do not seem to have had the same struggles with body weight that others have. But – as a professional, academic scientist – what I can offer is, I hope, an objective, science-based view of all the issues.


Such major differences, as they must be, in the ability to ‘burn off’ nutrients, do not directly contradict the idea of energy balance. These fast metabolisers, and likewise the unfortunate slow metabolisers, are not violating any physical principle. And yet, if these differences between people really do exist, they make any generalisations impossible. Perhaps the energy balance model fails because we expect everyone to behave the same (in a metabolic sense), whereas in fact there are wide differences between us. In a similar way, there is increasing realisation that we do not all respond in the same way to medicines, and a large, randomised placebo-controlled study, once seen as the bedrock of modern evidence-based medical practice, may fail because of intrinsic differences in how people respond to the same treatment.22 Perhaps, instead of a public-health message aimed at increasing physical activity and decreasing energy intake, we need instead a much more individualised approach. While, as I say, differences in ‘metabolic speed’ (if they do indeed exist to the extent that many believe) do not directly contradict the energy balance model, they do render it considerably less useful than we might hope, and perhaps they might contribute to its apparent failure. Whether these differences exist to the extent that we all seem to believe is material for later consideration.


There is another closely related issue: the term ‘healthy eating’. It’s a phrase I often use myself without necessarily thinking through exactly what I mean. There is no doubt that what we eat can profoundly affect our health in many ways. Our diet affects our risks of serious diseases such as heart attacks and strokes as well as some cancers. Some of these effects may be related to our body weight, but there are also effects that are independent of any change in body weight. We might define a ‘healthy diet’ as one that is optimal for our long-term health. That would include a diet that helps to control our body weight, since being overweight increases the risks of many diseases (type-2 diabetes as well as those mentioned just now), but it might also refer to other aspects. An example is the type of fat we eat. Nutritionists are almost unanimous in saying we should limit our consumption of saturated fats (the harder fats that come mainly from animal products). Saturated fats can raise the level of cholesterol in the blood, which is closely related to the risk of heart attack and stroke.* But, I will argue in a later chapter, we should not confuse this with the effects on body weight. There is no good evidence that one type of fat (saturated or unsaturated) has a greater effect on body weight than another: they contain almost equal calories, and that’s what our body weight depends upon. Of course, if reduction of some nutrient were to improve both energy balance and risk of diseases, that would be a benefit – it would certainly qualify as ‘healthy eating’: but it is not necessarily so. I shall try to distinguish these effects, without diminishing the importance of either.


To illustrate this, I have looked at the latest evidence on what diet we should be eating for health – reducing cardiovascular disease, diabetes, cancer and other non-communicable diseases. The summary from multiple sources is clear that ‘healthier alternatives are higher in plant-based foods, including fresh fruits and vegetables, whole grains, legumes [peas, beans and lentils], seeds, and nuts, and lower in animal-based foods, particularly fatty and processed meats’.23 In a large study of the UK population, dietary patterns that were high in sugar-sweetened drinks, fruit juice, butter and with a high energy content, and low in fruit and vegetable intake, were associated with the greatest risk of cardiovascular disease.24 (It’s funny to think that advice has not really changed over the several decades that I have been in nutritional research.) As the British Nutrition Foundation advises, ‘We probably know that we should not have too many foods or drinks that are high in saturated fat, salt and sugar such as chocolate, cakes, biscuits, pastry, crisps and fried chips.’25 It’s striking, as we will see in the course of our look at energy balance, that a diet good for metabolic health is practically the same as one that will help you balance the calories in and out.


To come back, then, to ‘a calorie is a calorie’: something I have said many times when asked about various ideas that would seem to dodge the whole concept of energy balance. I find it disturbing that there are so many challenges nowadays to this model, with its 250-year history. My concern is that these challenges are distracting us from attention to the real issue: if we are to contain the present epidemic of obesity, we need to find ways that make it possible for people to take in less energy and expend more. There is no alternative, unpalatable though that thought might be. We shall spend the next few chapters looking at just why it’s so easy to challenge the energy balance model – and also, why I think those challenges are misplaced.




Units of Energy


As you have gathered by now, this book is about energy so before we go into detail in the following chapters, let me explain. Calories are a unit to measure energy. Scientists now mostly use a different unit, joules, but in nutrition, calories are so widespread that I decided to use them in this book. (And anyway ‘A joule is a joule’ just doesn’t have the same ring for a book title.)


One calorie was originally defined as the heat needed to raise the temperature of one gram of water by one degree Celsius. That’s a very small amount of heat. If you boil half a litre of water in your kettle, you will need to put in about 40,000 calories, so we usually work in units of 1,000 calories. At one time these were confusingly called ‘Calories’. I will call them ‘kilocalories’, abbreviated kcal (1 kcal = 1,000 calories). The average human loses about 2,500 kcal of heat per day. (As we will learn, we also take in a similar amount of energy in food.)


Scientists now define 1 calorie as 4.18 joules, since the joule is a more fundamental unit. (It’s abbreviated J.) Then our daily loss of 2,500 kilocalories is around 10 million joules (actually 10,450,000 joules). It’s therefore more convenient to talk in kilojoules (1 kilojoule = 1,000 joules). That means that we take in – and lose – about 10,000 kilojoules per day in round figures.


Joules are more fundamental because they are linked to other fundamental units. Expending energy at 1 joule per second is called 1 watt. A little calculation shows that 10,000 kilojoules expended over twenty-four hours is a little over 100 watts, so we humans expend energy rather like a bright old-fashioned incandescent light bulb.


Other abbreviations that I will use for units are kg for kilograms (1 kg = 1,000 grams).








__________


* I have changed the names.


* Fredrik would like me to say that he now knows better.


* This idea has recently been challenged, and it may be that some saturated fatty acids are more harmful in this respect than others. But there are other adverse effects of saturated fat that still lead authoritative bodies to recommend that we limit their consumption.
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Human energy balance measurements: Firm foundations


A few years ago, we swapped our diesel-powered car for a fully electric model. We have solar photovoltaic panels on the roof of our house. When the sun shines, I get a schoolboyish delight in connecting the car to our smart charging point and watching it charge with power that’s coming straight from the sun. When we go out for a drive, it’s fun knowing that we are solar-powered.


Let’s think through what’s going on here. Nuclear reactions in the sun are liberating energy. This comes to earth as light energy. My roof panels convert a fraction of that (around 20 per cent) to electrical energy. That goes into the car battery. When we drive the car, say to our local garden centre, the electrical energy is converted to movement – which means acceleration of the car, giving it kinetic energy, overcoming air resistance and the resistance of the tyres on the road. When I slow the car down, some of that kinetic energy is cleverly converted back into electrical energy, but all the rest, along with the work done against air and road resistance, is lost as heat.


We see the conversion of energy between different forms. And the human body also takes in energy – as we saw in the previous chapter, chemical energy in food and drink – and converts it to other forms of energy, mostly heat and perhaps some external work. If more energy is taken in than is used, there will be an increase in the body’s energy stores. That bit can’t be controversial, I hope. The real issue is, perhaps, whether we can really measure energy in, energy out, and – what might seem the most problematic part – quantify other routes for the energy to get lost, such as the residues that pass through us and are expelled in urine and faeces. And then, whether we can relate any differences to changes in body energy stores and, ultimately, weight.


What would we expect to see, on the basis of the energy balance model, if we were to study human energy intake and expenditure? I think it’s reasonable to say that if we study someone who has a generally steady weight, we should expect his or her energy intake to match energy expenditure, although not necessarily on a day-to-day basis but certainly when averaged over periods of perhaps a week or two or three. And if intake and expenditure don’t match, we would expect a change in body weight that relates to the difference between them – again, on a reasonably long-term basis.


This is all experimentally testable. And, indeed, it has been tested, extensively, for more than a century. But while the early experiments seemed to fully support the energy balance model, later research began to throw doubts upon it. And I believe that those doubts have led, in part, to today’s questioning of the model.


How do we measure energy expended?


As we have seen, energy expenditure is reflected in the heat lost by the body (plus any external work done, such as moving or lifting objects). This is the principle that was used to measure the energy expenditure of small animals, such as guinea pigs, by Lavoisier and other scientists in the late eighteenth century: direct measurement of the heat lost from the body. Measurement of heat, a form of energy, is called ‘calorimetry’. When we measure heat loss from the body directly it is called ‘direct calorimetry’.


As we also saw, however, Lavoisier was able to measure the amount of oxygen used by a human body (that of his assistant Séguin) as a reflection of his oxidation of nutrients. In the following century, as precise values could be attached to the use of different fuels, it became possible to use oxygen consumption indirectly to measure energy expenditure. (A small improvement is made if production of carbon dioxide is also measured. Or carbon dioxide production alone can be used.) This method of assessing heat production, or energy expenditure, by measuring the use of oxygen or production of carbon dioxide is known as ‘indirect calorimetry’. Direct calorimetry for humans is fraught with technical difficulties, and has now largely been replaced by indirect calorimetry.1 Around the time of the Second World War, small devices were developed that could be worn in a backpack, to sample expired breath and collect samples for later laboratory analysis. This enabled a growing science of energy expenditure measurements during various recreational and occupational activities. Energy expenditure measurements began to become part of the assessment of training for elite athletes, and also hospital assessment of patients, especially in testing for thyroid disease. Modern indirect calorimetry instruments usually use either a soft mask that is strapped on the subject’s face to collect breath via a flexible hose, or a clear plastic hood that goes over the head of a subject, lying in bed at rest, and through which air is drawn and collected for analysis.


Both techniques, direct and indirect calorimetry, have been fundamental to the study of human energy balance. They are excellent for studying people in laboratory conditions, or under close supervision, but they can’t tell us anything about how much energy you or I expend during our normal daily lives. For completeness here, we will jump ahead to a further development in measuring human energy expenditure, the so-called ‘doubly labelled water method’. This was introduced for human studies in 1982 by Dale Schoeller and E. van Santen at the University of Chicago.2 Its big advantage is that the subject of the measurement does not need to be confined to a small chamber. For the subjects, it is very simple. They are given a glass of special water to drink, and then they collect small samples of urine or saliva over the next two to three weeks. The trick is that the water, H2O, is ‘labelled’ with special atoms (isotopes) of hydrogen and oxygen (hence, ‘doubly labelled water’). By tracking how fast these isotopes disappear from the body, the experimenter can calculate the rate at which the person is breathing out carbon dioxide. As we have seen, this reflects the rate of energy expenditure. This technique has fundamentally changed our ideas of energy balance under different conditions, as we will see in later chapters.


Setting the scene: early human energy balance studies


Much of European biological science in the nineteenth century was concerned with improving the growth of farm animals. Schools of agriculture were established, and the fundamentals of animal nutrition were discovered: that carbohydrates, fats and proteins supply energy, and that protein is necessary, in particular, for growth.3 At the same time, there was continuing interest in understanding the ‘origins of animal heat’ – what happens inside the body that led to Lavoisier’s conclusions about metabolism. The French Académie des Sciences offered a prize for the ‘Determination of the source of animal heat’, leading to further measurements on small animals such as rabbits.4 Then the German chemist Carl von Voit in Munich and his students, Max Rubner and Max von Pettenkofer, developed larger instruments. Pettenkofer is generally credited with building the first indirect calorimeter for humans – then called a respiration calorimeter – for studying human energy expenditure, in the 1860s. Funding was provided by the enlightened King Maximilian II of Bavaria.5 (The scientists of this time were extremely versatile. Pettenkofer’s Wikipedia entry describes his work on hygiene and public health with hardly a mention of his work in nutrition, and nothing on his work on calorimetry. He had a special interest in cholera.6) Pettenkofer’s respiration calorimeter consisted of a small room in which a person could stay for some hours, and which was ventilated by air that then passed into an instrument that measured how much carbon dioxide had been produced. He studied men at rest, after feeding and during exercise. His experiments all confirmed the idea that the human body uses three fuels – carbohydrates, fats and proteins – to liberate energy by combining them with oxygen, the process of oxidation. His colleague Rubner, meanwhile, in parallel studies, showed that any one of these three fuels could supply the energy for metabolism, the amount each supplied being equivalent to the heat released when it was burned in the laboratory – this became known as the ‘isodynamic law’: ‘that the food-stuffs may under given conditions replace each other in accordance with their heat-producing value’. He determined values of 4.1 kcal per gram of carbohydrate, 9.3 kcal per gram of fat, and 4.1 kcal per gram of protein, values very close to those commonly used today.7 In 1885, after moving to Marburg, Rubner also built a calorimeter inside which a dog could live for extended periods. Over forty-five days, he determined that the dog’s total heat production was 17,350 kcal, and energy expenditure calculated from the respiratory metabolism (oxygen consumption and carbon dioxide production) was 17,410 kcal – amazingly close agreement, given that they were completely independent methods of measurement.8


Confirmation of the validity of the energy balance model applied to humans, though, required a larger calorimeter. Wilbur Atwater, an American agricultural chemist, who had been an undergraduate during the American Civil War, spent two periods in Germany, on the second occasion having obtained a grant to determine whether humans could digest fish equally well as meat. He worked with von Voit in Munich, and also toured around Europe looking at how agricultural research had developed. Back in the USA, he urged the US government to create its own agricultural research stations. In 1887, he was appointed director of the experimental station that was established at Storrs Agricultural College, Connecticut, and here he began the work for which he is nowadays best known on human energy balance.9


Atwater worked with Edward Rosa, a physicist and engineer, at the Wesleyan University at Middletown, Connecticut to build a calorimeter in which human volunteers could be studied.10 It consisted of a chamber measuring 2.1 × 1.2 metres floor space, 1.9 metres high, described by the experimenters as:


an air-tight copper box, surrounded by zinc and wooden walls with air spaces between . . . large enough for a man to remain in it in comfort for a number of days. A ventilating current of air is pumped through the chamber at such a rate that the subject can always be supplied with a sufficiency of pure air. The chamber contains a folding bed, chair, table, etc., and is provided with means for the introduction of food and drink and the removal of excreta.11


Water ran in pipes through the walls. As the human volunteer inside liberated heat, so this raised the temperature of the water leaving the calorimeter, and the difference in temperature could be measured to assess heat production. In addition, as this was also a respiration calorimeter, carbon dioxide production (and, later, oxygen consumption) were measured from changes in the air as it passed through the chamber.


This simple description, however, belies the almost unbelievable technical difficulty of the measurements: so many different variables needed to be accounted for – just, for example, the heat lost by evaporation of water in expired breath. Indeed, there is a note in their report about their use of a bomb calorimeter (described below), not just for analysing the foods provided but also for analysing ‘liquid and solid excreta’, as the experimenters delicately described them. It is now generally accepted that these investigators, with their attention to detail, obtained results to a degree of accuracy that has not been matched since.


The human calorimeter was constructed over several years, starting in 1892. Rosa moved away from the project in around 1899,12 and Atwater then worked with nutritionist Francis Benedict, later well known in the metabolic community for his work on human starvation13 (we shall discuss this work again in later chapters). Descriptions of the calorimeter, and the results of the experiments, were published as a series of reports in the Year Book of the US Department of Agriculture, and in the journal Physical Review. The longest of these reports, at nearly 400 pages, by Atwater and Benedict, dated 1903,14 describes a series of twenty-one experiments conducted between 1900 and 1902 – an experiment was typically one subject studied for four whole days in the chamber. Much of the report concerns experimental methods. The calibration of the instrumentation was regularly checked using two different approaches. An electric heater in the chamber was used to generate a known amount of heat, to check that this was accurately captured. In addition, known amounts of alcohol were burned, to check that the expected use of oxygen and the production of carbon dioxide were found. All these checks, and their results, are tabulated in detail in the report, as are chemical analyses, including ‘heat of combustion’ measured in the bomb calorimeter, of all the foodstuffs provided for the volunteers, and all the volunteers’ excreta.


[image: Illustration]


A volunteer emerging from the hatch of the Atwater calorimeter (astonishingly, to present-day eyes, dressed in suit and tie).


The bomb calorimeter was a key tool used by these investigators. Atwater had seen this in use in Rubner’s laboratory. This is the instrument used to measure the heat released when a substance is burned. It consists of a strong steel inner container in which the substance to be analysed is held in an atmosphere of oxygen under high pressure, and with an electrical filament to start combustion. Heat is measured by surrounding this ‘bomb’ with water held in a larger, insulated container, and measuring the change in temperature of the water. It is the method used to measure the energy content of foods, then and even nowadays. Atwater used it both for analysing the energy content of all foods supplied to the experimental subjects within the chamber, and for assessing energy lost in urine and faeces. (Since liquid urine would not ‘burn’, it was absorbed into a block of cellulose, dried and combusted: the heat of combustion of the same amount of cellulose had been measured separately.)15


That 1903 report describes the ‘primary object’ of the experiments as ‘the study of metabolism of matter and energy in the living organism’, and among questions addressed is ‘the proof that the law of the conservation of energy obtains in the body’. That’s just what we want to establish. Their accuracy of measurement got better as they became more familiar with adjustments to the instrument.16 The temperature of water entering the heat-exchange system was continually adjusted by an external assistant, warmer water being supplied for a subject at rest than when the volunteer was exercising, in order to keep the temperature within the chamber constant. A rather striking statement from the 1904 report17 shows just how sensitive the measurements of heat released could be. They report that ‘During the period of deep sleep the subject ordinarily gives off heat from the body at the rate of 60 to 75 calories per hour, or enough to raise the temperature of 1.3 to 1.7 pounds [0.6 to 0.8 kg] of water from freezing to boiling . . . ’ (For calories here, read kcal.) And because of that, ‘any slight temporary rise in the temperature of the chamber like that which would result from an increase in heat production because of movement of the subject, such as rising from his chair, stretching out the arms, or moving in bed, can be at once detected by the observer . . . ’ In fact, the heat produced by a human body at rest over twenty-four hours is enough to raise the temperature of around 25 kg of water from freezing to boiling point – this may seem rather remarkable, but it makes the measurement of instantaneous heat production feasible.


Atwater and Benedict later summarised the results of ‘45 metabolism experiments covering 143 experimental days’. The experimental days included periods of exercise as well as rest, and periods of ‘special diet’ as well as ‘normal diet’. The data are astonishing. The daily figures for energy input (food and drink) and heat loss (energy expenditure), averaged over these forty-five experiments, were respectively 3,481 kcal and (almost unbelievably) 3,481 kcal.18 Remember that these two figures were based upon entirely separate measurements.


By the time of their final report, dated 1905, Atwater and Benedict had been able to calculate the changes in body stores of carbohydrate, fat and protein from their careful analyses of what was taken in and what came out, including measurements of oxygen consumption, carbon dioxide production and the balance of nitrogen in and out. They show an example of an experiment in which they calculated the balance of each nutrient – carbohydrate, fat and protein – in a subject followed for five days in the calorimeter, and from this predicted the change in body weight to be a fall of 118 grams. In fact, the drop in body weight measured directly was 111 grams.19 They seem slightly disappointed with this discrepancy, and state that: ‘Subsequent experience with the platform balance has shown that with a perfected technique the agreement between the computed gain or loss of body material and that actually found is very close.’ They then compared their calculation of the heat that should have been liberated from the oxidation of the food taken in (allowing for energy lost in urine and faeces) and the change in body stores, with the heat measured directly as heat output. The figures are respectively 2,090 kcal and 2,110 kcal, a discrepancy of 1.6 per cent, which, considering all the measurements involved, is pretty impressive.20


Energy values of nutrients and foods


As part of his work on human energy balance, Atwater needed to determine the energy values (the heat released when burned) of the foods that were fed to the volunteers in the calorimeters. He realised that there is a difference between the energy released when the whole foodstuff is burned, and the energy that the body could obtain from it, as some would pass straight through. This is why he and his colleagues also analysed energy in faeces and urine (although there was very little in urine). The difference gave what is generally now called ‘metabolisable energy’ – Atwater referred to this as ‘digestibility’. It is important to say that for most foods, only a small proportion of their energy passes through in faeces, although for plant materials with what we would now call a ‘high fibre content’ (Atwater termed this ‘refuse’, along with bones, eggshells, and so on) that proportion is generally larger. In a tabulation of the digestibility, nutrient by nutrient, in a range of foods, he found carbohydrates in animal products (not that there is much) to be 98 per cent digestible, 90–98 per cent for carbohydrates in vegetable products, and 97 per cent in a mixed diet. For fats the values were, respectively, 95, 90 and (mixed diet) 95 per cent, and protein was 97 per cent digestible in animal products, but less in those of vegetable origin (80–90 per cent): Atwater suggested a figure of 92 per cent digestibility for the protein of a mixed diet.21 We shall revisit this issue in a later chapter, as we now understand much more about what happens to the ‘refuse’ in our large intestine, and how this might be changed.


Atwater observed that the energy values of individual nutrients varied. They varied according to the food from which they were obtained, and also he noted that different carbohydrates (for example, starches and simple sugars) gave slightly different values. But, understanding the need for practical advice, he generalised over a range of foods and, taking digestibility into account, came up with the figures of 4.0 kcal per gram for carbohydrates, 8.9 kcal per gram for fats (now usually taken as 9 kcal per gram), and 4.0 kcal per gram for protein: values that are still widely used today, often known as the ‘Atwater Factors’.22


The data collected on different foods by Atwater and his colleague Arthur Bryant were published in 1906. They listed data for 4,000 foods, many analysed by themselves, but also including other researchers’ results.23 Such was the importance of Atwater’s work as a nutritional scientist, and also as a manager of agricultural research in the USA, that the British nutritionist Elsie Widdowson (whom we are about to get to know more closely) wrote: ‘I think I can safely say that Atwater has contributed more to our knowledge about the assessment of the energy value of human foods than anyone who has ever lived, either before or since his time.’24


Later in the twentieth century, two British nutritionists began similar work. Robert McCance had been a Royal Navy pilot in the First World War, bravely flying from a wooden platform over the gun turret of a warship. Later, he studied medicine in London, and was offered a research position by R.D. Lawrence, one of the UK pioneers of the treatment of diabetes. Lawrence wanted better analyses of the carbohydrate content of vegetables – until then, Atwater’s method of measuring carbohydrate ‘by difference’ had been used (carbohydrate was taken as the difference in weight between the whole food and the measured protein, fat and mineral contents). This work broadened in scope to include other foods and nutrients, and McCance was joined at King’s College in London by nutritionist Elsie Widdowson.25 In 1940 they published the first version of their food tables as The Composition of Foods. This database has been updated many times over the intervening years and is currently available in book form and as a searchable database, now called McCance and Widdowson’s The Composition of Foods.26 It underpins almost all dietary research in the UK and Europe. Widdowson worked for much of her career in Cambridge, having moved there when McCance was made Professor of Experimental Medicine. She is regarded by British nutritionists today as a key figure in understanding the nutritional requirements for growth. But it is her work on energy balance in adults that is relevant to this story.27
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