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INTRODUCTION

It was the first day of filming for the BBC Horizon’s Clean Eating programme – a documentary investigating the ‘dirty’ truth behind pseudoscience fad diets – and we were heading into the hills north of San Diego to meet with Dr Robert O. Young, father of the ‘alkaline diet’. I signalled left and moved smoothly into the fast lane on Interstate 15, as I headed north out of San Diego on a warm September morning. Normally, the rental vehicles utilised by the BBC are, well, rental-like; functional ‘people mover’ caravan-type things, which allow for the crew and all of their associated gear to be jammed in the back. On this sun-kissed Californian day, however, I was driving a silver Ford Mustang convertible, with the top down. The ridiculously large engine growled in response to the slightest squeeze of my right foot on the accelerator, while the wind blew through my hair . . . or at least it would have if I had any hair. I was living the dream!

Just over an hour later, I drove through some groves of avocado trees, and entered a millionaire’s paradise that has become known as the ‘pH Miracle Ranch’. Robert’s ‘pH Miracle’ series of books have sold more than four million copies, and this beautifully manicured ranch is the epicentre of his multi-million dollar ‘alkaline’ empire. I manoeuvred the Mustang through the open gates of the white stone entrance down the long drive, and was soon joined by the crew, who had been following along behind in a far more sedate and ‘rental-like’ Dodge Caravan.

The front door, preposterously set behind a moat, is reached by walking across some stone slabs. As Robert welcomed me in, crew in tow with cameras rolling, my eyes were drawn to an empty spherical fish-tank built into the wall that separated the living area from the kitchen. Noting my interest, Robert began to share his alkaline view of the world, starting with what he called the fish bowl metaphor.

‘If the fish is sick – what would you do? Treat the fish or change the water?’

He went on: ‘The human body in its perfect state of health is alkaline in its design.’

Like many of the fad diets that are currently en vogue, this one begins with a kernel of truth. The pH of our blood is 7.4, which is slightly alkaline, so Robert is broadly correct; although different compartments of our bodies, such as our stomach, function at very different pHs. Everything else about ‘alkaline living’ however, is complete fantasy. Robert believes that in order to maintain the alkaline pH of our blood, we have to eat alkaline foods. The problem is, there is NO evidence that your blood’s pH is influenced by what you eat. Your stomach, at around pH 1.5 (stronger than lemon juice or vinegar), is the most acidic environment in your body. So whatever you eat will arrive in your intestine at the same acidic pH. In fact, nothing apart from almost dying will change your blood’s pH.

Why has the alkaline phenomenon exploded, if the (pseudo) science behind it doesn’t even stand up to casual scrutiny? For that matter, why do people buy into ‘clean’-eating, or ‘plant-based’, or detox, or juice cleansing, diets?


GETTING LUNCH? IT’S A JUNGLE OUT THERE!

Has there ever been a time in history where there have been so many dietary options? I mean, there is gluten-free, dairy-free, fat-free, nut-free, egg-free, sugar-free, shellfish-free . . . the list goes on. I was lining up for coffee the other morning and the lady in front of me asked for a ‘grande soy-decaf-latte with a shot of sugar-free caramel’. (Say that quickly three times in a row after you’ve had a few too many.)

A few years ago, for the first time, I saw a festive advertisement campaign from a major supermarket chain inviting potential customers to ‘Have your “Free-From” Christmas celebrations with us!’ Now, call me a cynic, but I do not think that the ‘Free-From’ festive AD campaign was solely aimed at the 1 per cent of the population that suffer from coeliac disease (who are allergic to gluten and therefore have to stay away from it). Nor do I, for one moment, imagine that the proliferation of non-dairy substitutes, such as soy, oat or almond milks, by major coffee purveyors is part of a drive to attract more lactose-intolerant customers (such as myself, although my preferred poison, not by chance, is a black Americano). Nope, these ‘Free-From’ foods are being marketed as more ‘healthy’.

The term ‘healthy’ is, I would argue, in the eye of the beholder. If you have a broken leg, you want your leg to heal. If you have heart disease or cancer, well then, ‘healthy’ would mean to rid yourself of disease. And for many overweight and obese people out there, being ‘healthy’ would mean to lose weight.

Our modern lifestyle, coupled with the food environment, has made obesity the biggest public health problem of today, with up to 30 per cent of people in many countries carrying way too much fat. Aside from occasionally moonlighting as a science presenter for the BBC, I am first and foremost a scientist at the University of Cambridge, studying the control of bodyweight. I am an obesity geneticist. I, and many others, have spent the last two decades trying to understand what is perceived by most people on the planet as quite a simple problem. This is, by far and away, the prevailing view, and it is easy to see why. People just have to eat less and move more and they will lose weight. It is one of the fundamental laws of physics; you cannot magic calories out of nowhere, and likewise you cannot magic weight away.

The question to ask, however, is not how we have become obese (we do eat too much and move too little), but WHY some people eat more than others. The answer to this question is hugely complex, and we are only now beginning to reveal and understand the powerful genetic and biological influences on food intake. In doing so, other salient questions have emerged. Why do some people put on weight easily while others can apparently ‘eat whatever they want’? How come some folks find it harder to lose weight than others? Why is the battle to maintain a ‘healthy’ weight so difficult for so many? The fact of the matter is that while simplistic ‘eat-less’ advice will work for some, for most of us, losing weight and then trying to keep it off is incredibly difficult. It is not what we are evolved to do, and the reality is, while we are making progress in understanding the problem, an all-encompassing solution remains out of reach. In this book, I will place the obesity epidemic in perspective, by explaining our current understanding of how food intake is controlled, how this differs between people, and how our genes influence our interaction with the environment. Science is set-up to get to the truth . . . eventually. It is not designed to provide quick answers. So here we are with an enormous contemporary problem of obesity and other diet-related illnesses, and a complete lack of quick and easy answers. As a result, there are many desperate people looking for a way out, a silver bullet.


EAT LIKE THIS AND LOOK LIKE ME

In response to this demand, a proliferation of food ‘gurus’ have in recent years emerged to fill the vacuum that nature so abhors, armed with confidently certain and easy-to-follow dietary approaches. If you spend any period of time exploring this, often social-media-dominated, world, you’ll notice the reek of ‘post-truth’ that permeates the entire culture. It is clear that many are more likely to believe the advice of these food gurus than listen to experts who are taking an evidence-based approach to nutrition. In truth, we scientists don’t always help the situation either, by having closed conversations in ivory research towers. What I hope to do in this book is to address that balance.

Supporters of eating ‘clean’ or ‘real’ food argue that it means enjoying whole foods in their most natural state, and limiting anything processed, which, on the face of it, seems to make sense. Who am I to argue with less refined sugar, less fast-food and more veggies? I am the first to agree that in this era of industrialised food production, in a drive for ever-greater efficiencies to create more for less, we have somehow broken our food environment. It is an environment we are going to have to fix in order to have a fighting chance to solve the obesity epidemic.

I do however, have major problems with these most modern of diet phenomena. First and foremost is the use of the word ‘clean’ or ‘real’. Because if some foods are labelled clean or real, then the rest must, by definition, be ‘dirty’ or ‘false’ to some degree. Hence, through guilt by association with our diet, some of us could be considered ‘clean’ and others ‘dirty’. I could be ‘real’ and you could be ‘false’. This kind of ‘food-shaming’ is enormously unhealthy. It is my hope that this book will make society rethink its sweeping and negative judgements about obese people. Second, ‘clean’ and ‘real’ have, over the past few years, morphed into meaning ‘food is medicine’, and under this umbrella now includes a number of strains of diets, some more whacky than others, but all based on a foundation of pseudoscience.

SCIENCE-FICTION OR NON-FICTION?

I approach this book from the perspective of a geneticist with more than twenty years of experience studying obesity and the brain control of food intake. I was in the initial vanguard that described a number of genes that, when mutated, resulted in rare forms of severe obesity, thus uncovering key pathways in the brain that control food intake. My current research focusses on understanding how these pathways differ between lean and obese people, and the influence of genes in our feeding behaviour. However, I realise that in order to effectively tackle the problem of obesity, we also need to understand our food environment. I believe that this includes holding to account the exponential growth of dietary approaches and solutions that are being sold to us, and I spend a large part of this book doing just that. Just so we’re crystal clear, this is NOT a diet book. It contains no diet-plan designed to make people lose weight and me lots of money. This is, in fact, an Anti-‘Diet’ book. Consider it a structured diatribe against dietary misinformation backed by bad (or no) science.

In this book, I will get to the truth and in doing so demystify the myriad of different popular dietary approaches available today. I will deconstruct the concept of a calorie and take a closer look at our obsession with counting these small units of energy. I will examine the truths and fallacies in the claims made by the Palaeolithic and ‘clean’ movements, while charting the actual history of our diet as we transitioned from stone-age hunter gatherers to farmers during the agricultural revolution, to the industrialised food production of today. I will explore the science-fiction and non-fiction of current popular diet plans, ask if we can be metabolically healthy without being skinny, and also examine the latest experimental data extolling the benefits of certain traditional diets, such as, for example, the Mediterranean diet. Finally, I will ask if recent genetic breakthroughs could really usher in an era of personalised diets perfectly tailored to our genes.

Understanding our genes and the biology of food intake is not simply an interesting academic exercise; it is essential, if we are to effectively tackle obesity and improve our health in the current food environment. Above all, particularly in the current ‘post-truth’ climate, it will be a defence, nay, a celebration of evidence-based science.







PART 1

A game of inches


You find out that life is just a game of inches.

So is football. Because in either game, life or football,
the margin for error is so small . . .

The inches we need are everywhere around us.

Al Pacino, Any Given Sunday (1999)









CHAPTER 1

Are your genes to blame when your jeans don’t fit?

It has happened to us all.

You finally have a dinner date and you decide, in a fit of excitement, to call into service a pair of designer jeans you haven’t worn in a little while. However, try as you may to pour yourself into the expensive denim, you find, to your horror, that the jeans now resemble a corset, requiring violent sucking in of your abdominal region, flirting with hypoxia, before the buttons can eventually meet the holes to perform their intended job.

Where can you ascribe blame for this scandalous state of affairs? Over-indulgence over the festive period? Your increasingly desk-bound job? Above-inflation increases in your gym membership fees? Bankers? Or can you, as is seemingly fashionable, place the blame squarely at the feet of genetics? Are your genes to blame when your jeans don’t fit?

To answer this question, it is worthwhile considering some numbers:

a) an average-sized woman should consume around 2,000 calories a day in order to survive, and an average-sized man 2,500 calories; or around 750,000 – 900,000 calories a year;

b) while ageing from a youthful, exuberant twenty years to a middle-aged fifty, an average person will, depressingly, typically gain 15kg (33lbs) in weight (some will of course gain little to no weight at all, while others will gain an awful lot more than 15kg);

c) if you or I were like a giant chocolate bar complete with nutritional information stamped on our collar labels, our caloric content would be around 5,000 calories per kg (give or take love handles/muffin-tops).

Because of c), the 15kg of weight gained over thirty years is worth about 75,000 calories, or 2,500 extra calories a year: a day’s ration of calories if you’re a man. If you did the necessary maths, you would find that an extra 7 calories a day for thirty years is all you would need to gain 15kg in weight!

Are you kidding me?

Other than it sounding like not an awful lot, what do 7 calories look like? Well, I rooted around my kitchen to see what I could find, and I came to the conclusion that nothing any of us would construe of as ‘food’ comes close to 7 calories. The nearest thing I could find was a ‘serving’ of ketchup. According to the nutritional information at the back of a half-empty squeezy bottle of ketchup that was purchased from a UK-based supermarket and languishing in my cupboard, a ‘serving’ of ketchup is 15g. Of course, to anyone who has ever introduced a bottle of ketchup to a burger or fries in anger, a 15g ‘serving’ of ketchup seems suspiciously austere. Even such a small amount of ketchup, however, would set back the energy storage account at the bank of your waistline a whole 15 calories. Using the same calculations as above, then the equivalent of an extra squeeze of ketchup, or even a heavy ‘dip’ with a chip or fry, every day for thirty years, would mean a weight gain of 30kgs!

The ‘glass half empty’ question that emerges from these numbers is: ‘Why are we all not the size of houses?!’ Good lord! We might all have to stop eating immediately, because of the imminent danger of exploding in a big red mess at the dining table! To the best of my knowledge, however, this is probably not happening out of sight in households up and down the country; at least certainly not on a regular basis.

Yet, when we reach for that extra chip, or helping of mayonnaise, or ketchup, or gravy, or wafer-thin mint, or a zillion other things which might be pleasant accompaniments to our meals but we don’t even consider as real food, I guarantee that its energy content will be nearer to 70 calories than 7. So the ‘glass half full’ question is actually still, ‘Why are we all not the size of houses?’

THE SET POINT

What is clear from data stretching back many decades is that mammals will robustly defend their bodyweight. The first data of this came not from humans, but from lab rats. Experiments done in the 1940s, which I have illustrated in the graph below, found that if a rat was left in a cage to its own devices and with sufficient food, it would grow at a certain rate. (Rodents, incidentally, never stop growing; they will keep growing until the day they die.) If the amount of food provided to the rat was reduced (i.e. if the rat was placed on a ‘diet’), the rat would lose weight, which was unsurprising. Once the amount of food that was provided went back to normal however, the rats rapidly began to gain back the weight, but interestingly, only back to the growth rate they were on before the ‘diet’, and then they carried on like the diet never happened. When the food provided to the rats was changed to something very palatable, say high in sugar and fat, then the opposite was true, with their weight rapidly increasing. Once their food source was back to normal, the rats’ weight drifted back down to the previous trajectory. These experiments led to the so-called ‘set point’ hypothesis, which proposed that all mammals in a stable environment will achieve a genetically determined trajectory of growth. Any deviation from this trajectory, as with the dieting rats above, will be defended.

Data collected since those initial experiments shows that the same phenomenon occurs in humans. Despite all the holiday periods, the resulting diets, illnesses, pregnancies and life’s many other little surprises, only very unusually will anyone deviate more than 20 per cent in their adult bodyweight over a lifetime. This is why when you see someone often, on a daily or weekly basis for instance, you can rarely tell if they have lost or gained any weight. Yet we do tend to gain weight as we age. Why?

There are two major reasons. First, as we clear our twenties and go through our thirties and beyond, we begin to accumulate inefficiencies in our various organ systems, such that our metabolism begins to slow down. Sadly, while this slow-down occurs at different rates in different people, it will happen in all of us. Second, on average, we move less as we get older; for example, perhaps with seniority in our jobs, we end up with more paperwork, and we have less time to get to the gym. Yet we don’t tend to eat that much less (if at all) as we age. So when you head back for your 25th school reunion, you suddenly find it difficult to control your facial expression as you barely recognise anyone through all the increased fleshiness (I’m not trying to be a pot calling any kettle black as I would be unrecognisable as well).


[image: image]

FIGURE 1 The ‘set-point’




The strategy used by our brain to defend our bodyweight is straightforward, even while the underlying mechanisms are complex (this will be a constant theme that runs through this book); that is, to influence food intake and energy expenditure. What I am not talking about here is the executive decision to go on a diet or to go to the gym. Those are conscious choices with their own distinct mechanistic and sociological underpinnings. Rather, the bodyweight defence strategy deployed by our brain is subconscious.

Let me give you an example. Imagine a typical festive season or some other vacation period, where there may have been a certain amount of overindulgence. Bacon and eggs every morning for breakfast you say? Sure! Desserts during both lunch and dinner? Why not! Eventually, and reluctantly, you have to get back to the real world and your normal day-to-day routine. Then comes that time in the day when you have to interact with food. Peering at a refrigerated supermarket shelf or perusing a menu in a restaurant, you may say, ‘gosh, I don’t feel so hungry tonight, I might just have a salad’, thus eliciting a state of shock from your dinner companion.

I don’t feel so hungry tonight.

Why not? Did you have a sudden attack of ‘willpower’? Did a rod of steel just get shoved up your vertebral column, stiffening your back? No, the signals in your brain are simply making you feel ‘not hungry’. ‘Why can’t I feel like that a little more often?’ many of you will undoubtedly be thinking.

More than almost anything however, your brain absolutely hates it when you lose any weight. How much fat you are carrying is essentially how long you would last without food, so your brain equates weight loss to a reduced chance of survival. So when you lose even a few pounds, your body begins to fight back, making it rapidly more and more difficult (or so it seems) to shift each additional gram. Your body reduces its energy expenditure; it is with little consequence, for instance, that the energy efficiency of your metabolically most active organs, such as your liver or skeletal muscles, can be reduced by a few per cent. Your body also makes you feel more hungry, driving you to eat more. Keeping in mind that just a pesky 7 extra calories a day makes such a surprisingly large impact over a lifetime, the depressing phenomenon familiar to dieters the world over occurs; where after a couple of months, all of the weight you fought to lose has somehow grimly clawed its way back. This is, of course, what most will be familiar with as ‘yo-yo’ dieting, where you lose weight (yay!) then you regain the weight (boo!) and the cycle, depressingly, repeats itself interminably. Although it might seem as if you are gaining more weight than you had lost, this is seldom the case, and your weight will typically go back to where it was before you began your diet, i.e. your set point. Considering at any given point in time, nearly 20 per cent of you reading this book will be on some sort of ‘diet’, there are a lot of depressed people about due to this pattern.

BODY MASS INDEX

In fact, while 20 per cent of us are desperately trying to diet, the reality is that nearly 60 per cent of us in the UK and US are either overweight or obese.1 Obesity is measured by Body Mass Index (BMI). This is a ratio of bodyweight in kilograms divided by the square of one’s height in metres, and hence is represented as kg/m2. A ‘normal’ BMI is 20–25kg/m2. Anything below a BMI of 18 would be considered underweight, a BMI of 25–30kg/m2 is considered ‘overweight,’ and if you have a BMI north of 30kg/m2, you would then be classed as obese. However, it is important to know that ubiquitous as it is, BMI as a measure of ‘fatness’ is inherently imperfect because it is derived using purely your weight and your height. It cannot, for instance, differentiate between a rugby or American football player and a Joe Public of similar height and weight but carrying substantially less muscle mass. Crucially, it is the percentage of fat that one carries and where it sits in the body, rather than one’s weight per se, that is strongly linked to disease.

There are any number of ways to measure fat percentage. The ‘gold-standard’ method of measuring fat-mass is by use of a technique called Dual-energy X-ray absorptiometry or DEXA. This is where two low-power X-ray beams, with different energy levels, are used to scan your body. X-Rays work by differentiating tissue density, which is why it is traditionally used to look at your bones, which are the densest part of the body. At a lower power however, it is also able to detect the difference between muscle (which has a higher density) and fat (which has a lower density), and therefore be used to calculate fat-percentage.

Another approach, that will be more familiar to many of you, will be the use of body-fat scales. These are available in countless models, and use a technology called ‘bioelectrical impedance’ to estimate how much body fat you have. The most popular models are integrated into traditional bathroom scales. When you step, barefoot, on to sensors on the scale, an imperceptible electrical current passes up one leg, across the pelvis and then down the other leg. There are also larger versions of these, typically built into weighing machines found in drug-stores or pharmacies, which get you to grip two handle-bars, and a current is passed through one arm, across your torso and through the other arm. The underlying principal in both these types of scales is identical. Because it contains much more water, muscle conducts electricity better than fat does, so the greater the electrical resistance, the more body fat you have.


But yet, in spite these available tools, the use of the BMI still dominates. Why is that?

DEXA is certainly both very accurate and precise. It is however, also expensive, requiring specialist equipment and technicians to run, so is just not logistically suitable for use in population-wide studies. The body-fat scales, while widely available, are notoriously inaccurate. There are too many variables, including how hydrated you are, when you last ate and exercised, and even whether your feet are particularly calloused or dirty, that can influence the calculated fat percentage from measurement to measurement. There is also the type and quality of the product itself, ranging in price from less than £30 to nearly £2,000, which precludes truly comparative measurements across different instruments.

In contrast, your BMI is free to calculate, assuming you have a way of weighing yourself and measuring your height, so is suitable for large population studies. And critically, despite being imperfect for measuring fatness in particularly athletic individuals, the sad fact is that the VAST majority of the population do not fall into this category. As a result, for most of us, the higher our BMI, the more fat we do tend to carry. So the use of the BMI as a proxy for ‘fatness’ continues to dominate.

IN AND OUT, IT’S PHYSICS!

Today, 60 per cent of us are carrying too much fat, making obesity one of the greatest public health challenges of the 21st century. It is a modern problem, with the prevalence of obesity having tripled in many countries in the world since the 1980s. According to the latest health report from the Organisation for Economic Cooperation and Development,2 more than 30 per cent of adults in the US, New Zealand and Mexico, and more that 25 per cent in the UK, Australia, Canada, Chile, and South Africa, are obese. Within the European Union nearly 150 million adults and 15 million children are considered obese. The problem is not with obesity itself, but with the accompanying increased risk to a whole host of nasty diseases, including type 2 diabetes, heart-disease, high blood pressure and certain types of cancer. Unfortunately, we don’t really have to gain that much weight before we are in the same frame as these ‘co-morbidities’.

So how can we explain this rapid worldwide increase of bodyweight? Have our genes changed? Have we suddenly evolved? Clearly not. These dramatic changes have occurred over the past thirty years, against a constant gene pool and well within the lifetime of many of you reading this book. This would put the smoking gun in the guilty hands of ‘environmental changes’, an all-encompassing term used to describe changes in lifestyle, diet and working practices. Sadly, no matter how much one doth protest, the ONLY way you can gain weight, is if you eat MORE than you burn. It is simple physics.

Let me say this very clearly: the reason we have become more obese as a species is because we eat too much and don’t move enough. Therefore, the only way to become less obese is to eat less and move more. There we have the cause and cure for the obesity epidemic. We all know this.

That being said, hidden in this simple statement is an oft-overlooked complexity that is well worth further exploration. Have a look at the two graphs below. Both indicate the real-world increase in average BMI, as charted by the US Centre for Disease Control or CDC, within the US population from 1985 (23kg/m2) to 2014 (27kg/m2).3 The upper and lower graphs then plot two different possible distributions of BMI within the population in 2014 as compared to 1985. The upper panel models what the data would look like IF the environment was the ONLY influence on our bodyweight. In this scenario, everyone should respond to the environment in the same way, and everyone should therefore gain the same amount of weight. Thus the BMI distribution within the population should remain the same shape, but simply be shifted to the right, revealing a shape reminiscent of the Golden Gate Bridge.

The real data, however, shown in the bottom graph, reveals something very different. While the average BMI within the population has indeed increased, the shape of the 2014 curve has changed. This has happened because some people have gained lots of weight in the current environment, some not so much and some have not gained a single gram. In other words, everyone responds differently to the change in environment.

What all this means is that the environment cannot be the only thing that is influencing our BMI. There must be biological variation in our response to a changing environment. Put another way, the question of HOW we have become obese is one of physics. The question of WHY we have become obese requires examination of why some people eat more than others, why some people are more metabolically efficient and why some people burn more energy. It is in these latter questions that the biological variation lies.

Our biology, how we are put together, how our organs work, how the cells that characterise our organs function, how the molecules and proteins that form our cells interact, begins with our genes. So to understand biological variation, it is inescapable that we first need to understand variation in genetic heritability. The past twenty years of my life have been spent studying the genetic heritability of bodyweight and how it varies throughout the population.

THE POWER OF TWINS

One of the most invaluable tools in determining the genetic heritability of specific traits is the study of twins. Identical twins are genetic ‘clones’, while fraternal (or non-identical) twins share 50 per cent of genetic material, as you would with any of your siblings. Thus, with the study of enough twins, both identical and non-identical, one could look at any trait that could conceivably have a genetic element, such as eye colour, hair colour, foot size, height or weight, and calculate how heritable each trait might be. As you might imagine, traits such as eye colour and hair colour (peroxide aside) are almost entirely genetically determined, with very little environmental influence. In contrast, while a trait like having freckles is clearly genetically influenced, whether, where and how many freckles appear will be down to how much time one spends in the sun.
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FIGURE 2 Two possible models to explain the increase in average BMI from 1985 to 2014




There is, however, one valid argument against twin studies; that is, while the genetic power is self-evident, twins are still brought up in the same household, thus possessing a shared environment during their most formative of years. Surely this muddies the water when it comes to measuring the heritability of traits where the environment wields a powerful influence? A very good point indeed.

We do live in an unpredictable world where sometimes awful things can happen; one of which is that siblings, a percentage of whom will of course be twins, are sometimes separated at birth and raised in different adoptive homes, often in completely different countries and cultures. So you may have one twin raised as a carnivorous Catholic and another as a vegetarian Jew. When I first began my career, I did wonder how often could this situation possibly have occurred? While accurate numbers are not available, the answer is most certainly in the thousands – more often than any of us could ever imagine.

One, but by no means the only, driving force has been China’s one-child policy, which has since been toned down somewhat. This led to the abandonment of tens of thousands of infants, amongst which were many hundreds of twin-pairs adopted and raised separately. Recently, there was a documentary by Norwegian filmmaker Mona Friis Bertheussen called Twin Sisters, telling the story of just such a pair of identical Chinese twin girls.4 After being found abandoned in a cardboard box, Mia was adopted by a Californian couple and Alexandra by a couple from the north of Norway. Mia was raised as an ‘all-American’ girl, playing soccer, selling girl-scout cookies and going to the mall, while Alexandra led an outdoor life in the quiet solitude of a tiny village close to the Arctic circle. Just imagine the difference in diet and culture, in temperature and availability of sunlight, in education system and types of daily activity. Yet at ten years old when they eventually meet, aside from the expected language barrier, they are alike in character and temperament, and almost identical in height and weight. This same story has been reported many times over, with twins of other ethnicities and raised apart in other countries. Of course, the older the twins are when they are eventually reunited, the larger the influence of the environment, and consequently, the greater the variance in their weight. Time and time again, however, the power of genetics even in the face of such environmental differences is quite literally jaw-dropping.

What surprises most people is that the heritability of weight is actually close to that of height. No one would dispute the fact that height is genetically determined: tall parents = tall children. It is also well known that skeletons and written records show that human beings today are inches taller than humans just a century or two ago. For example, soldiers around the age of twenty who enlisted in the army during World War I were on average 168cm (5′6″), while today’s average for young men is 178cm (5′10″).5 Why have we become taller as a species? Because of changes in diet, environment, and lifestyle.

It is the same argument with bodyweight, except that the changes have happened over a far shorter period of time. We are now more obese as a species compared to thirty years ago because of changes to our diet, environment and lifestyle. But it does not change the fact that if our parents are overweight and/or a certain shape, we are very much more likely to be overweight and/or be that shape. The studies demonstrated that the genetic heritability of bodyweight and shape in twins is approximately 70 per cent.6

The next time you have an opportunity to people watch, while you are at the airport or a coffee-shop for instance (please do be discreet), have a look at just how heritable body-shape in particular is. Your shape is largely determined by where fat sits in your body. This is not meant to depress you, but close your eyes for just one moment and reflect upon the shape of your parents. Does your mum have a big bum and a skinny upper body? Does your dad have a big tummy and skinny legs? Who do you look like? Who do your siblings look like? While the absolute amount of fat may differ – you may have a bigger bum or a smaller tummy, say – the chances are very high indeed that you will have the shape of one of your parents.

In truth, everything about us – our looks, our shape and size, our character, our intelligence, our athleticism, our risk of mental illness, even our risk of getting into a car accident, along with a million other traits – all have a genetic and an environmental component. It is very rarely, if at all, 100 per cent genetic or 100 per cent environmental. The real difficulty is in determining the relative contribution of each and, crucially, how they interact with each other.

DESERTS OF THE AMERICAN SOUTHWEST AND THE ISLANDS OF THE SOUTH PACIFIC

Yet another fact that has revealed the role of genetics in bodyweight is the observation that certain ethnic groups are more likely to become obese than others. Two examples from the more severe end of the spectrum have proven to be particularly informative.


The first are the Pima Indians, who are not South Asian Indians, but rather are indigenous or native Americans that live in the deserts of Arizona in the American Southwest. They are, infamously, one of the heaviest peoples in the world.7 Nearly all Pimas, some from a frighteningly early age, become obese, with more than 50 per cent of Pimas suffering from type 2 diabetes.8 This prevalence of type 2 diabetes is nearly five times higher than in the rest of the United States, a country of course deep in the grip of its own modern obesity crises. The Pimas, however, have been suffering from obesity and their related diseases for more than 50 years! And yet another group of Pimas, those living up in the Sierra Madre mountains of Mexico, display no proclivity to obesity at all. By all accounts, the Pima people were all initially from the Arizona region, but a contingent, at some point in the past and for some unknown reason, moved to the Sierra Madre. These two groups of Pima Indians remain genetically indistinguishable. Why, then, do they possess such vastly different bodyweights and rates of metabolic disease? The answer lies in the environment. The Arizona Pimas enjoy (is this the right word?) the American lifestyle, together with all of its conveniences and its excesses. The Sierra Madre Pimas however, still live like their ancestors. They are a farming community that still works with animals, with hard physical labour very much a part of everyday life, and who, of course, subsist on a very different diet from their American cousins. This is almost like having a time machine, allowing us to glimpse what the Arizona Pimas would have looked like living in the desert, prior to the arrival of European settlers.

The second example comes not from one singular ethnic group, but rather the multiple different peoples of the Pacific Island nations of Polynesia. The small island of Nauru for instance (and most of the Pacific Island nations are by and large small islands), is one of the most obese countries in the world, with nearly 95 per cent of its inhabitants being overweight and more than 45 per cent classed as obese. In fact, according to the World Health Organization (WHO), nine of the ten most obese countries or territories globally are Polynesian Pacific Islands.9 The Cook Islands top this deadly leader board, with more than 50 per cent of their population classed as obese. Nauru, Palau, Samoa, Tonga and the Marshall Islands are all not far behind. This is, certainly when it comes to percentages, the fattest region in the world. Why is this the case?

On the face of it, the explanations that emerge when one takes a peek at Wikipedia or Google seem to make sense. One argument is that on these paradise islands, perhaps more than anywhere else in the world, there is wide cultural acceptance that bigger is more beautiful. Another argument, echoing the lifestyle issues faced by the Arizona Pimas, is that the life of the typical Polynesian is based upon consumption of imported, highly processed food, very little exercise and remote access to healthcare. These answers, however, are just too pat, too simplistic. Many cultures, for instance, embrace the ‘big is beautiful’ mantra, and a love of cheap processed food is hardly unique to the American Southwest and the South Pacific. But yet in an increasingly overfed world, these two groups of people stand out. What, then, are the root causes of these problems, and why have the results been so extreme for the Pimas and Polynesians in particular?

While the details differ, the underlying reasons are actually the same. In both regions, there have been millennia of adaptation to fluctuations of food availability in a harsh (for the Pimas) or geographically isolated (Pacific Islanders) environment and the necessity therefore of hard physical labour to secure food. Then quite abruptly, because of events completely out of their control, there was a very rapid and very dramatic change in the diet and lifestyle of both peoples.

The Pimas have lived on the banks of the Gila and Salt Rivers since long before European contact, which provided an important lifeline in the deserts of the Southwest. Life would have been very harsh, and a genetic premium would have been placed on those individuals better adapted to the episodic ‘feast or famine’ food environment. Those individuals who were better able to eat more and store fat during times of plenty and then be more efficient with energy usage in times of famine would have been more likely to survive. In turn, the genes which determined these survival characteristics were more likely to be passed on to their children. This is, in essence, evolution at play, with many generations of Pimas undergoing this extreme genetic selection, resulting in a population finely adapted to living in that particular environment. In the 1920s, however, the US government began a water irrigation project that necessitated the construction of a water storage dam on the Gila River upstream from Pima native lands, stopping its flow almost overnight. With the loss of their water (and thus food) supply, the Pimas became reliant on government food handouts. These tended to be processed, higher in sugar and refined flour and therefore much more calorically dense, and critically, a world away from their traditional diet. This mix of Pima genes with the new diet resulted in a rapid increase in levels of obesity.

Colonisation of the Polynesian Islands took place over nearly three millennia, beginning in the Philippines and New Guinea in around 1500 BC, Samoa in 800 BC, Hawaii and Easter Island not until 900 AD, with New Zealand the last to be colonised in 1200 AD. Given the geographic isolation of these tiny islands in an absolutely enormous area of the South Pacific, their colonisation is really a testament to human endeavour. The early Polynesians would first have had to survive canoe journeys of many weeks, and then, having arrived on small Pacific islands (atolls even), they would have to live and thrive. In this context, to be big meant certainly much more than being beautiful; it meant being much more likely to survive. The islanders formed – unsurprising given their geographic location – traditional fishing communities. The arrival of US and British airbases during World War II, as well as the proliferation of mining in some islands, drove globalisation, including the importation of western foods. These were brought in initially for the allied airmen and the miners. However, as is true the world over, imported food (highly processed in order to survive the journey) was very cheap and energy dense, and was rapidly embraced by the Polynesians. As with the example of the Pimas, the environment changed dramatically and rapidly for the Polynesians.

But why did both the Pimas and the Polynesians respond in such an extreme fashion to the change in environment? Many people, after all, you and me included, eat these same foods without tipping into extreme obesity. The difference is that the vast majority of us have adapted to live on continental plains. If our ancestors encountered a famine or drought, they could have mitigated against this ‘selection pressure’ and moved somewhere else. If, however, you were tied to one specific area like the Pimas, or were geographically isolated like the Polynesians, and therefore wouldn’t or couldn’t move, you either adapted quickly, or you died. Imagine, for a moment, if there was a sudden extreme change to our cosy situation that required us to be able to run really quickly, otherwise we would, say, be eaten by some rapidly reproducing carnivores with long legs and very pointy teeth. Well, we would very quickly end up with a population enriched with very fast runners, who would then pass on their genes to their offspring and so on and so forth. The fact that the Pima and Polynesian populations are still around meant that enough extraordinary individuals were able to adapt quickly, eating enough and storing enough fat during times of plenty, and being efficient during famines or paddling for weeks across the ocean, thereby surviving to pass those genes on. After just a few generations, those ‘extraordinary’ genes then became the norm within that population. The problem is that while those genes were advantageous and enabled survival in a ‘feast–famine’ environment, they have become deadly in today’s ‘feast–feast’ environment.

All living creatures live by the golden rule to be as energy efficient as possible, in order to conserve calories for times of food austerity, and to make sure to eat as much as possible when the opportunity presents itself. So if a cheaper and more energy-dense food source suddenly appears, why would you continue wasting energy going out fishing or farming? That obviously had the deadly double result of increasing intake of highly calorific available foods (more about this later on in the book) and reducing physical activity in both the Pimas and Polynesians, thus driving the severe obesity problems in both communities.

THE HIGHLY EVOLVED RESPONSE

While the examples of the Pimas and Polynesians might seem extreme, the issues that arise are relevant to all of us. The concept of being as efficient with our energy expenditure and calorie usage as possible is true for us all. It is easy to forget that not so long ago, all our physical activity was gained from daily living. Working on the farms and in the mines; fishing and hunting; hand-washing everything (clothes and dishes); hand-sewing everything etc., etc. The whole concept of ‘exercise’ as a leisure activity would have been alien until just a few decades ago. Why would you do anything other than eat and sleep in your spare time, if you’ve spent all day in hard physical labour? If you think about it, is it not a weird thing for a significant chunk of the population to drive to a gym, maybe take an escalator or elevator up (or down) a couple of floors, only to get on a treadmill or stationary bike?

Then there is the current food environment we live in. One clear case in point is the phenomenon of ‘fast food’, which is, as we are all too familiar with, pervasive in our society. The vast majority of this food is calorically dense, highly processed, very cheap and often delivered straight to your door after a brief interaction with a smartphone.

What the data tells us is that, in effect, some of us simply feel a little more hungry all of the time. Not eating when you are not hungry is easy. Whatever the press, beauty/fashion/health/fitness magazines, Hollywood and ‘inspirational I-did-so-you-can-too’ speakers say, thin people are not morally superior, with the willpower of forged steel. They just feel a little less hungry, so get full up more easily. It requires no effort.

Have you, however, tried to stop eating when you are still hungry? It’s difficult, even for one meal, because it’s just not what we are designed to do. We have evolved to eat when we are hungry and when there is food, not to stop. Now imagine feeling slightly more hungry in this food environment and trying to halt the eating process every single day, for every single meal, for your whole life. This is what overweight and obese folk go through.

Obese people are not morally bereft, lazy or bad. They are fighting their biology. In fact, you could argue that being obese is the natural, highly evolved even, response to our 21st-century environment! We are simply preparing ourselves for a famine . . . that is never ever going to arrive.

But here is the rub. Not everyone has become obese in this environment. This is in contrast to our response to starvation, which is reassuringly uniform, across not only humankind but pretty much across the entire animal kingdom; that is, to find enough food as quickly as possible and eat it before you die. The dying bit ensured that only animals with the required drive and tools to find and eat food survived.


FROM GENETIC CODE TO FUNCTION

If you will indulge me, a brief genetics ‘primer’. The complete set of our genetic material, our DNA, is called the genome. It is composed of three billion nucleotides, each coming in one of four different flavours; adenine or ‘A,’ thymine or ‘T’, guanine or ‘G’ and cytosine or ‘C’. Two complete sets of this genome (one from mum and one from dad) are present in every single cell in our body (the two exceptions being, depending if we are male or female, our sperm or eggs, which only contain one copy of the genome; and our red blood cells, which don’t contain any DNA at all). DNA is literally a very long, thin thread of these three billion A, T, G and C nucleotides strung together. If it were possible to stretch out the DNA from a single cell, you would find it to be, incredibly, nearly two metres (six feet) long! This enormous length of DNA is tightly and neatly origamied into two sets of 23 different chromosomes (one set for each copy of the genome, so 46 chromosomes in total), each containing around 25,000 different genes. However, only 1–2 per cent of our three billion nucleotides in our genome actually code for genes. A significant but small percentage of the 98 per cent of ‘non-coding’ DNA are regulatory elements that control whether and how these genes are turned on or off. How much exactly we still don’t know is the subject of ongoing and cutting-edge research. The vast majority of the remaining ‘non-coding’ DNA, what we used to call ‘junk’ DNA, remains ‘dark’ to us, and is largely a mystery. Much of this dark DNA may well turn out to be junk, but equally, there are almost certainly untold hidden treasures of functional significance yet to be uncovered.

The genes themselves do not confer function per se. Rather, they carry the information required to assemble the proteins that actually confer structure and function, the biology of life. Our genes are therefore an instruction manual for all of the different proteins that enable life.

ARE OUR GENES TO BLAME WHEN OUR JEANS DON’T FIT?

Mutations within our DNA happen randomly and at a low background level all of the time. Because the vast majority of our DNA has no known function, mostly these changes have no measurable effect. Rarely, a mutation may occur in a segment of DNA that regulates gene expression; meaning whether it is ‘turned on’, transcribed into RNA and translated into protein. Even more rarely, it could change the actual gene sequence, thus altering the function of the resulting protein. If the change in gene expression or sequence is severe enough to either disrupt translation or dramatically alter the function of its corresponding protein, it manifests as a disease, or at its most severe, death. At other times, however, genetic changes might simply modulate the function of the protein, either positively or negatively, depending on the environment.

If a genetic change is not desirable in a certain environment, then it is ‘selected against’ and not passed on. If a genetic change increases your chances of survival, then it is ‘selected for’ and that change is then passed on and integrates itself into the population. Take the response to starvation, for example. Any genetic change that increased your likelihood of finding enough food would mean that you could get bigger or faster or stronger, which would in turn increase your chances of finding a mate to reproduce and passing those genetic changes to your offspring.

Then there are genetic changes that in one environment have a neutral effect, but in another environment suddenly have a huge positive or negative effect. So, for example, in our current cosy situation, someone like Usain Bolt clearly runs very quickly and therefore can have a career in athletics, whereas while I cannot run quickly, I can make my living as a geneticist. Our proclivity to run has a neutral effect on our ability to survive in our current environment. But when the environment changes and long-legged pointy-toothed bitey carnivores begin to rapidly reproduce, Mr Bolt’s fast twitch muscle genes suddenly have a positive effect on his ability to survive and are therefore selected for. In contrast, my ability as a geneticist has a neutral effect in the new environment, while my inability to run quickly has a negative effect on my likelihood of outrunning the carnivore.

Having too much food, coupled with not moving enough, is a contemporary problem, and would not have been a ‘selection pressure’ during evolution. With the rapid changes over the past few decades, accumulated genetic changes, which would have varied across the population and had a neutral effect when there was not enough food, were suddenly unmasked in our modern food and living environment. So while the average weight of the population has increased because everyone is exposed to more food and moving around less, some people, because of their repertoire of genetic variation, have become more obese than others in this environment.

So, to bring it back to my original question: are your genes to blame when your jeans don’t fit? In many ways, yes. While the changing environment has undoubtedly driven the rapid increase in the prevalence of obesity, it is now becoming clear that our genes have influenced our response to this change. Where there are genes, there are molecules to identify and biology to study. That is what I am interested in studying; the pathways and mechanisms that control food intake, and how these vary between lean and obese individuals.






CHAPTER 2

It’s all in your head

The Jackson Laboratory is a large facility where nearly 2,000 scientists work. It’s an independent, non-profit biomedical research institution and has been a world centre for mouse genetics since 1929. One day in 1949, in a typical mouse cage, on one of the many racks, in one of the many rooms, a technician spotted an obese mouse. Not just a little tubby, perhaps needing to spend a little bit more time on the running wheel type of obese, but spherical; a mouse-coloured tennis ball with whiskers on one end, a tail on the other, and four paws.

A paper characterising these mice, which I dutifully dug out from the recesses of the internet, was published in the Journal of Heredity in 1950 by Ann Ingalls, Margaret Dickie and G. D. Snell from the Jackson Labs.1 Using the colourful language of its time, under the section ‘Description of Character’ (case in point, the term ‘character’ in context of a mouse would just not be used today), the authors describe the mice as having ‘a slightly shorter body, are rather square and have expansive hind quarters’. They proceeded to give this mouse the name ‘Obese’, which, I think you must agree, is a disappointing failure of imagination from the same minds that came up with ‘expansive hind quarters’.

A second Jackson mouse of similar proportions, this time named ‘Diabetes’ was described by Katherine Hummel, Margaret (the one and very same) Dickie and Douglas Coleman in 1966.2 Diabetes is a condition where you (and the vast majority of other mammals) lose control of blood glucose levels, which are normally tightly regulated by the hormone insulin. There are two major forms of diabetes: type 1, where damage to the pancreas means it stops producing insulin; and type 2, where the body slowly becomes resistant to the effects of insulin. Obesity is a major risk factor for type 2 diabetes. As it turns out, the ‘Obese’ and ‘Diabetes’ mice, both diabetic and reminiscent of mouse-coloured tennis balls, were actually identical in almost every way. In particular, they both ate voraciously (explaining their spherical geometry) and were both infertile, and it was apparent by the way these characteristics were inherited that these were the result of mutations in single genes.

GENETICS ‘101’

Most of us, when we were introduced to the concept of genetics at school, would have learnt about Mendel and his peas. Gregor Mendel, a 19th-century Augustinian friar and a scientist, is widely considered to be the father of modern genetics. He worked out the basic principles of genetics by breeding pea plants and observing how seven different characteristics (plant height, pod shape and colour, seed shape and colour, and flower position and colour) were inherited. Each of these characteristics happened to be determined by single genes. So let’s take seed colour, for instance, which came in two flavours, yellow or green. When Mendel crossed ‘true-bred’ yellow-coloured pea plants (the pea colour was always yellow) with ‘true-bred’ green-coloured pea plants (see Cross 1 in figure 3 on the next page), he always got plants with yellow-coloured peas. There were no green-coloured peas at all. The key part of the experiment, and how he figured out what was happening, came when he bred the yellow offspring from the first cross together (Cross 2 in the figure). What he found was that three-quarters of the offspring from this second cross were yellow, while the green-coloured peas re-appeared, but only in one quarter of the offspring. He saw similar results in all of the seven characteristics that he was studying.



[image: image]

FIGURE 3 Gregor Mendel’s pea-breeding experiments, establishing the concept of dominant and recessive genes



He deduced two fundamental principles from these breeding experiments. First, he worked out that each of the pea plant’s traits had to be determined by two copies of some invisible factor: these would later be called ‘genes’, one coming from each parent plant. Second, some of these genes would be ‘dominant’ and others ‘recessive’. Yellow was dominant over green because a single copy of the yellow gene meant yellow-coloured peas. Whereas a pea would only be green if it carried two copies of the green gene, thus green was ‘recessive’. While it is true that most traits are not determined by single genes but by a combination of genes, these basic principles still govern how we consider genetics and heritability today.

‘OBESE’ AND ‘DIABETES’: DIFFERENT MUTATIONS IN DIFFERENT GENES

So with the above information in mind, let’s revisit our mice in the Jackson lab
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