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For our kids and their kids:
May you all eat better than we did.









INTRODUCTION


Stardust and Sunshine


Over two thousand years ago, the Greek philosopher Empedocles proposed his theory of roots: that everything is composed of four elements. Fire, air, water, and earth. He wasn’t too far off. Only four elements—oxygen, carbon, hydrogen, and nitrogen—make up almost all the body’s mass and most of what we eat.


Imagine a countryside garden, filled with a colorful patchwork of edible plants—tomatoes, cucumbers, strawberries, and corn. To one side stands a chicken coop. Inside and out, the birds cluck and jerk, occasionally pecking on grains. In a bright pasture nearby, cows graze on green grass. As daylight breaks, the chickens lay big, brown eggs that will help give form to cakes, omelets, and custards. The cows are milked, and their milk will become butter, yogurt, and cheese.


All of this—everything contained in the garden, and all its bounty—is mostly made from different configurations of those four elements: oxygen, carbon, hydrogen, and nitrogen. Except for the hydrogen, these elements were all created by previously existing stars that exploded as supernovas.


The ability of every living thing in and around the garden to harness energy from another star, the sun, is what made their living possible: the strawberries, the corn, the cows. When sunlight hits a plant, it sets off a chain of chemical reactions, helping it convert light energy, along with water, nitrogen, and carbon dioxide, into glucose, protein, and oxygen gas. The plant grows and what it breathes out, the animals breathe in. When animals eat a plant, or other animals that ate plants, they indirectly tap into the sun’s energy, too, using the microcombustions of metabolism. These go off in each cell, continuously, for every millisecond that an animal is alive. We humans, like everything else in the garden, are nothing but stardust powered by sunshine.


Long after Empedocles’s time, the science of nutrition and metabolism was established, a project dedicated to figuring out how all of this works: what makes our food and how it, in turn, makes us. Only recently has the project changed and the question transformed. How and why is our food undoing us and devouring the planet?


NUTRITIONAL WISDOM


The animals in the garden know what and how much to eat to meet their needs. They were born with the ability to quickly learn which foods would best serve their bodies: how much grain, carrots, and grass they’d have to consume to live and grow. When they aren’t getting enough of a particular nutrient, their preferences shift. They instinctively seek out foods that contain more of whatever is missing. Eating behavior is a biologically controlled phenomenon, much like breathing. At the same time, precisely what each animal eats is ultimately determined by what is around them: their food environment.


The same is true for us. We’re born with an intelligence that helps us learn what food is, and what we need to eat for survival. From the earliest moments of life, eating helps us learn about our environment* and when we eat, our environment becomes us—building every cell and tissue of the body, transforming into blood, guts, eyeballs, hair, and skin, powering our every movement. For most of human history, when our environments provided us with fresh food, we did a reasonable job of eating just enough—the right blend of nutrients and energy to ensure our survival, and the survival of the species. Diet-related diseases, such as type 2 diabetes* and obesity—now defined as excess fat that interrupts the function of the body’s organs and tissues—were rare.


This rapidly changed in the twentieth century. Many of us started to eat too much, and the wrong things, even when we didn’t want to. Obesity rates began rising, first in rich, Western, industrialized countries such as the United States, then elsewhere. Between 1980 and today, obesity prevalence doubled in more than seventy countries around the world. In the United States, all age groups experienced the surge simultaneously, suggesting a common environmental cause. Some tried to fight the tide with policy, with astoundingly little success so far.


Today, 70 percent of American adults are classified as either being overweight or having obesity. The same is true for a third of U.S. children. With rising obesity came increases in the prevalence of associated ailments: type 2 diabetes, cardiovascular disease, and fatty liver disease. Each year, these diet-related chronic diseases result in the deaths of more than a half million people, going a long way to explaining why life expectancy has recently been decreasing for the first time in decades. They also cost more than a trillion dollars.


The health declines coincide with the period during which food became more available, and increasingly processed. Many of us lost our connection to what we eat—how it’s grown and produced, how it’s cooked. We moved away from the garden, even out of the kitchen. If what we eat is ultimately determined by our food environment and our environment becomes us, humans increasingly resemble factory-produced, fat-, sugar-, and salt-filled organisms.


The wellness industry, another invention of the twentieth century, rose alongside the growing rates of chronic disease, with annual global markets above $6 trillion as of 2023. Influencers and gurus peddled supplements, diets and diet books, exercise equipment, and cleanses. They stoked the “diet wars,” fights about which foods or nutrients are most responsible for our health problems. They sold the idea that the problem is us: that we can control what we eat and how healthy we can become. That we must do better.


And we believed them. As we were putting the finishing touches on this book, we commissioned the polling company Morning Consult to survey a representative sample of Americans. We asked people, “Who should be held most accountable for the quality and healthfulness of the food on your dinner plate?” By far, the most popular response was “myself.”


Instead of helping, the diet industries, and their debates, distracted us and obscured important truths about food. They put the focus on questions like: What’s the best diet? or How can I lose weight? Those questions miss the point. Instead, we should ask: Why do we eat what we eat? A shared obsession with that question prompted us—a scientist and a journalist—to write this book.


THE SCIENTIST


The scientist (Kevin) and the journalist (Julia) met one summer day in 2015. Researching a story about the effects of exercise on body weight for the American news outlet Vox, Julia went to interview Kevin in his book-lined, fourth-floor office at a sprawling U.S. federal research hub on the outskirts of Washington, D.C. Kevin wasn’t wearing a white lab coat, but jeans and sneakers. The lone physicist conducting human research on obesity at his agency, Kevin brought an unusual tool kit to his lab—a place where mathematicians and physicists use their quantitative skills to study biology. He explained to Julia that he’d stumbled into a focus on nutrition and metabolism by accident.


As a kid growing up in Canada, Kevin liked to help his dad in his workshop, where he seemed to constantly be repairing household appliances and machines by taking them apart, fixing what was broken, and putting them back together. He especially liked repairing engines and thought he wanted to become a mechanic. By the time he finished high school, questions about the fundamental nature of the universe took hold of his attention. What is heat, really? What is matter made of?


Physics called. Between stints as a bass player in alt-rock bands with names like the Gropetoads and Wazzo, Kevin became the first person in his family to attend college, eventually earning a PhD from McGill University; his doctoral research focused on building mathematical models to better understand the drivers of abnormal heart rhythms. After graduation, he went to work at a Bay Area, California, biotech start-up to do more mathematical modeling—this time focused on simulating what happens inside the human body after people with and without type 2 diabetes eat.


That was when he had a humbling realization: He knew the ins and outs of how electrons behaved in atoms and how electrical activity coursed through the heart with each beat, but nothing about the chemical structure of a carbohydrate or how digestion works. Even with his advanced degrees in science, he didn’t have the faintest whiff of what happens to food inside our bodies after we take our first bite.


So Kevin studied some more and had another epiphany: Figuring out how our bodies use food, breaking things down and rebuilding ourselves, was way cooler than the engines he used to take apart as a kid. That fascination led him to his current job, where he began mathematically modeling how different diets affect the human body over periods of months, zeroing in on metabolism and the question of what regulates body weight.


Perhaps because he entered the health field as an outsider, with uniquely quantitative training and no medical background—or maybe because he’s from Canada—Kevin saw things differently from others Julia had run across in the nutrition space in America. Kevin wasn’t selling anything. He didn’t push a pet theory. Preternaturally analytical and curious, he seemed to be keen on doing what scientists were meant to do: designing experiments to test ideas, following the data.


That day in his office, he explained why exercise—while great for overall health—wasn’t a weight loss elixir. He urged Julia to write about bariatric surgery, which even in the Ozempic era remains the most durable and effective means of losing weight, though it got almost no public attention at the time.


In the years of conversations and interviews that followed, Kevin never promoted easy answers or fast fixes. Foods weren’t singled out for being uniquely evil, even ones many popular diet peddlers pile on, like potatoes or ultra-processed foods. He never advocated for particular diets, and he certainly never claimed that any supplement or food could burn belly fat or boost metabolism. Instead, he pointed out areas of uncertainty in the science. He spoke from evidence dispassionately—his own studies, and those of other trusted scientists. Most importantly, he constantly asked fundamental questions that many seemed to take for granted, questions like: What really happens inside the body when people go on a diet?


THE 3,500-CALORIE RULE


One morning in 2007, Kevin shadowed a dietitian who was reviewing the food diary of a patient struggling with weight. He was eager to learn about how people with obesity were being counseled and whether the mathematical models he was building could help them. The dietitian examined a food diary that her patient had been keeping. She told the man that simply replacing his daily intake of full-calorie soda with diet soda would lead to about 50 pounds of weight loss in a year.


The claim sounded incredible. Kevin wondered where the dietitian’s advice came from. It was based on something called the “3,500-calorie-per-pound rule,” she explained. Cut 500 calories from your daily diet and after seven days you’ll lose 1 pound. After four weeks, 4 pounds, until more than 50 pounds melt away a year later. The idea was that eliminating “empty calories”—soda, candy, your daily glass of wine—would eventually add up to massive weight loss, a promise that could motivate patients.


The 3,500-calorie-per-pound rule had formed the bedrock, ground zero, for obesity science. It was adopted by leading health organizations around the world, including the National Institutes of Health in the United States and the National Health Service in the UK. It appeared in official treatment guidelines, nutrition textbooks, countless websites, dietetics licensing exams around the world, and even in top medical journals. Not only was it used to predict individual weight loss, the rule was also used to explain how seemingly small increases in calorie consumption resulted in the rise of population obesity prevalence and how policy interventions could mitigate the “epidemic.” But was it true?


When Kevin asked his colleagues where the claim came from, no one could give him a straight answer. He started digging. It turned out this omnipresent, near-universally adopted weight loss assumption was based on an estimate from the 1950s. Max Wishnofsky, a medical researcher, wanted to gauge how many calories were stored in a pound of human fat tissue. You guessed it: roughly 3,500. How did this basic biological result get translated into a dubious weight loss rubric? People assumed that altering the balance between calories eaten and calories burned leads to a constant deficit or surplus. Calories in, calories out—the body as a zero-interest bank account with no fees. Simply adding deposits or subtracting withdrawals in the form of food would lead to a constant rate of change, more or less weight.


Unfortunately, metabolism is more complicated. The body reacts dynamically when we make changes to our diet, like eating fewer calories. In response, calorie burn does not stay constant. Shortly after we start to eat less, our metabolic rate slows down, the calories used in physical activity drop, and, as weight loss progresses, calorie burn can slow even more—so that our bodies use fewer calories over time, even for the same activity. What’s more, most people don’t just cut calories and keep them low, in part because weight loss seems to send a signal to the brain: “Eat more!” This means that diet calories usually creep back upward, mostly unconsciously, despite the best efforts of dieters.


Eventually weight loss plateaus when the calories burned equal the calories eaten—typically within a year.* The body settles at a new size after losing much less than the 3,500-calorie-per-pound rule would predict. Put simply, cutting calories in the diet—just like burning more calories by doing more physical activity—sets off a cascade of little-appreciated effects inside us, which can hamper weight loss efforts (though it doesn’t make weight loss impossible—more on that to come). In the absence of interfering with the fundamental biology that controls our appetite or metabolism, our bodies resist efforts to lose weight.


All of this meant, Kevin discovered, that the 3,500-calorie rule drastically overpromised weight loss. Kevin spent years refining a more accurate rule and by 2012, his research prompted the American Society for Nutrition to officially abandon the 3,500-calorie rubric. After decades of getting it wrong, many other professional health organizations have since adopted Kevin’s weight loss model instead.


The rule is not dead, of course. Calories-in, calories-out logic still permeates policy and the public discussion about body weight and obesity. If people could just exercise a little bit more and eat a little bit less, they’d be skinnier. If we just taxed soda or labeled menus, we might reverse population obesity. If only we took the stairs instead of the elevator every day. . . . It can take years for evidence to make its way into policy and practice, but hopefully change is finally coming.


Change starts by asking questions, doing experiments, and gathering data. Until Kevin questioned the rule and examined it critically, it was just another dubious idea in a sea of food and weight loss myths, parroted over and over until it hardened into what appeared to be truth.


This made Kevin wonder about all the other things we take for granted about eating and overeating—what else we might be overlooking or getting wrong about our food.


Soon, Kevin’s bosses asked him to test the predictions of his models in humans. That was when he took on a role he never imagined for himself. He started running clinical studies (i.e., studies in humans). Kevin’s more recent randomized controlled trials show that food environments that contain lots of ultra-processed foods—those factory-made concoctions of unfamiliar ingredients and additives in frozen pizza, sugary cereal, and soda, which are now most of what people eat in industrialized countries like America—seem to affect the biological control of food intake we share with other animals. They reset whatever it is that used to help us regulate our body weight at lower levels.


Over two decades, Kevin’s work has amounted to a stress test of popular twenty-first-century ideas about nutrition and metabolism. For his contributions to science, he has won numerous accolades and been called “one of the major figures of twenty-first-century nutrition science,” despite never training in nutrition. Kevin’s research on ultra-processed foods has been referred to as among the most influential studies in nutrition, shaping health policy and the conversation about how we eat globally.


Still, Kevin has more questions. The groundbreaking research on ultra-processed foods was done in adults—might the effect be different in kids? The studies were carried out in a hospital setting for one month. What would happen if they ran longer, under real-world conditions? How exactly do ultra-processed foods affect how we eat? There’s so much more to explore about our food and how it’s changed us. We’ve only scratched the surface of the full complexity of why we eat what we eat.


THE JOURNALIST


Since Julia and Kevin met, they talked—a lot. Many of their conversations circled around fundamental questions: What is metabolism? What do different nutrients do inside the body? What controls eating behavior? What is food, actually? The dialogue was a refreshing break from a news cycle that promulgated nutrition fads and mistruths. Across peddlers and platforms, Julia and Kevin detected a pattern: The cause of our health woes is always singular, easy to pinpoint, and often fringe—a certain “truth” that’s been withheld from the public by a corrupt and untrustworthy “establishment.” Solutions are neat, tidy, and painless—fully within our control—and typically available for purchase. No testing of the fringe theory or peddled products required. The peddlers weren’t necessarily ill-meaning. Many wanted to help people and were sure of their solutions. But their competing advice in the marketplace amounted to a lot of noise about individual fixes, and a lot of confusion. More than in any other corner of science, the public seems to be repeatedly told that everything they thought they knew about nutrition is wrong. Just do this—or cook this, or take these, or buy that—instead.


After many talks with Kevin and other scientists, it was clear to Julia that the root causes of people’s ill health had nothing to do with the things we usually dwelled on in the public conversation or the media, nor would they be fixed with the popular solutions. The root causes were clearly structural. People wanted to eat better. They wanted to be stronger and leaner. And yet they struggled. During reporting trips to the sickest counties in America—places riddled with obesity and diabetes—Julia saw how easy it was to get burgers and fries, ultra-processed products, even drive-through daiquiris, while fresh food was almost impossible to come by.


Julia could empathize with those who struggled to eat well. She had been one of them. A child of the 1980s, she was born into a calorie glut—the moment pre-prepared, packaged, ultra-processed, and convenience foods were overwhelming North America. Her family, immigrants and descendants of immigrants to Canada from postwar Italy, blended the Italian eating obsession with the North American embrace of junk food. By the time Julia reached age ten, her pediatrician had already shamed her about her body size, and her mom—herself a recovering calorie counter—tried to help by sending Julia to dietitians. By age twenty, Julia had gobbled up metabolism-boosting supplements; used meal replacement shakes and bars; joined, quit, and rejoined Weight Watchers several times; and attempted the Zone and Atkins diets, among others, feeling equal parts ashamed and like a failure. Her weight, meanwhile, fluctuated along an upward trend line until it reached nearly 70 pounds more than it is today. She blamed herself, giving little thought to the food environment and system she’d found herself in.


At some point, in one of their many chats, Julia and Kevin talked about the books they were thinking about writing. Kevin was getting requests for a book about his groundbreaking research on obesity and diets. Julia was being asked to write debunking books about the diet gurus she’d covered. But Kevin really didn’t want to write the expert tome about the One True Way to eat, divorced from the work of his predecessors and colleagues. Julia didn’t want to do yet another book telling people that everything they knew about food was wrong. Together, Julia and Kevin thought they could write something more helpful than anything they could do alone—a book that was proudly devoid of false fixes and misleadingly simple explanations. A book their years of conversations, research, and reporting suggested was sorely missing.


WHY WE EAT, DECODED


This is a book about the fundamental, often overlooked, and always enthralling science of nutrition (the chemicals and energy we get from food) and metabolism (how our bodies use food)—covering what we know and the history of how we came to know it, up to the frontiers of research into the invisible forces that really shape eating behavior.


Based on hundreds of interviews with researchers, scientists, analysts, advocates, archivists, historians, entrepreneurs, patients, clinicians, and officials around the world; hundreds of scientific papers and books; and hundreds of hours of conversation between Kevin and Julia, the book will take you on a sprawling tour of centuries of science into the wonders of food and the marvelous ways our bodies use it, for better and worse health.


We will weave Kevin’s insights, and the scientific quest that led him to study ultra-processed foods, with storytelling from the labs of other scientists, and Julia’s search for answers on behalf of patients. Lurking behind most wellness products and nutrition trends is the idea that a lack of willpower, gluttony, and sloth have caused obesity and type 2 diabetes rates to increase, when in fact the scientific evidence overwhelmingly points to the contrary: It was never about us as individuals. Our food environment is wrecking us. It’s the reason so many of us are struggling with weight and diet-related disease. It’s the reason so many of us struggle to eat the right things. We will argue that while blame is typically placed on individuals, diet-related diseases like obesity and type 2 diabetes are a direct result of food systems working as designed.


Before we get there, we will walk you through the science of how food works. We will break down what we eat into its constituent parts, looking at what we know about each of them, and explaining why those parts can’t tell us about the whole. We will show how, with just about every component and feature of food and its impact on our health, advocates and peddlers, many of them well-meaning, have rushed to market with untested ideas, claiming they had the answers, and perpetuating misinformation that has reverberated and confused people through centuries.


An industry has been built around protein supplementation, even though loading up on extra protein isn’t necessarily healthy or helpful. Carbohydrates and fat may be diametrically opposed in the diet wars, but they really work more like great colleagues inside us, standing in for each other when one is out. And while a low-carb obsession still permeates Western diet culture, low-carb diets don’t outperform low-fat diets when it comes to losing body fat. We will reveal how the discovery of vitamins helped showcase the amazing chemical complexity of food, part of the “nutritional dark matter” still being uncovered.


We will explore what really shapes our eating habits, tracing how food has changed to rewire our brains and bodies. We will cover the latest neuroscience illuminating an invisible symphony of internal signals that regulate body weight and nudge us to eat, and the newest thinking on how ultra-processed food environments seem to alter and disrupt those signals, leading to weight gain and disease.


Finally, we will reframe our food challenges at the societal and planetary levels. We will show how, in solving food problems that have made famine and vitamin deficiencies rare in industrialized nations, we created, or exacerbated, new ones: the warming of the planet, loss of biodiversity, and widespread obesity and metabolic diseases such as type 2 diabetes. Despite the nostalgia of popular food commentators, we will argue that we’ve actually never had an agricultural food system that worked well for humans. Sure, eat like your great-grandmother—but there’s a good chance she spent hours in the kitchen every day or maybe struggled with hunger and nutrient shortfalls. At some point in the very near future, we will have to find a way to feed ourselves sustainably and equitably, to meet the needs of a growing world population on a warming planet. And we’ll have to do it in a way that doesn’t harm our bodies.


Throughout the book, we will show how old, unproven ideas and outdated policies continue to guide our current thinking and approaches to food. We won’t advocate for any one diet or pretend to be “clean eating” gurus ourselves. Ultra-processed foods are a staple of Kevin’s diet, and Julia still eats too much sugar. After all, we too are humans, living in the toxic food environment.


Reading this book, we sincerely hope, will make you see the stuff on your dinner plate as more than stuff on your dinner plate. We hope to simultaneously ramp up your sense of awe about food and your body and decrease the chances of being swindled by influencers, while helping you to be kinder to yourselves and each other. We might answer questions you never knew you had about your body and what happens after you take your first bite. This knowledge won’t necessarily fix our food landscape or reverse obesity, but it is, we think, the first step to truly intelligent eating.


A SHORT NOTE ON VOICE, STORIES, AND SCIENCE


Science is an iterative process undertaken by humans. It takes time and many studies to get to the truth of the matter. Journalism is often referred to as the “first draft of history.” We wanted to write this book in a way that reflected these processes—and our collaboration, as a scientist and a journalist, groping at the truth about food and nutrition, from two different, and complementary, vantage points. From here on out, we will blend research and reporting, telling the story from the point of view of the co-author who was doing the observing. Sometimes it’ll be Kevin. Other times, Julia. On occasions, we will also revert to we.


As for stories and science: Humans tell stories. It’s how we understand the world. Facts* are okay, but they don’t have the motivational or emotional heft of a great story. Indeed, facts on their own are uninterpretable without a story that weaves them together. Science aims to reveal stories that help us understand the world and make accurate predictions. Scientific stories are called models because scientists know that they are merely representations of the world that help us make sense of observations and tie them together. Science progresses by critically testing models and improving upon them. Better models explain more of the world and make more accurate predictions.


Sometimes incorrect models are more compelling. This is especially true when a scientific-sounding story is told by a charismatic person who convincingly presents data that seems to support what they’re saying and uses double standards of evidence to downplay challenging research. Once you believe that your way of seeing the world is correct, it’s easy to find data that supports your belief. Those who don’t share your enlightened view seem ignorant and the evidence offered opposing your model, weak. You might even suspect ulterior motives in those who disagree with you.


We need to recognize that all models in science are wrong because our feeble brains are incapable of fully understanding the world. Scientific models have varying levels of uncertainty and are supported by data from studies with different kinds of limitations. We’ll talk a lot in this book about observational studies, which look at associations between phenomena like eating particular foods or diets and the occurrence of diseases. We’ll also talk about randomized trials, which try different interventions on two or more randomly assigned groups; if the health outcomes differ among the groups, because they were randomly assigned, it’s likely because of the different interventions. Nevertheless, we will also use scientific storytelling because that’s the only way to make sense of the experimental and observational data accumulated so far. If the models we present are proven wrong, we hope it’s because of a future discovery unknown to us as we write. We will do our best to convey varying degrees of certainty when putting together our understanding of the state of the science and what it means for our health.




Footnotes


* When one of our kids was a baby—we won’t name names—he learned the hard way that rocks aren’t food after ending up in the ER with symptoms that passed just as soon as the rock did.


* Type 2 diabetes is far more widespread and very different from type 1 diabetes, which is an autoimmune disorder. References to diabetes in this book will mostly be related to type 2.


* Unless you’re talking about GLP-1-based drugs and bariatric surgery. In these cases, the plateau takes about two years because these interventions weaken the feedback control of appetite that occurs with weight loss.


* Facts aren’t easy to establish in science because they result from reproducible and accurate observations in well-designed and controlled experiments. Easier said than done!











CHAPTER 1


The Biggest Losers, the Slowest Metabolisms


It was an unusual laboratory for a metabolism and weight loss study: a sprawling ranch, the former home of the Gillette razor-blade tycoon, nestled in the dusty green Santa Monica Mountains near Malibu, California. A group of people milled about a hallway in the ranch’s white, Spanish Colonial–style mansion early one morning before breakfast—and they were not exactly chipper.


Six weeks into season eight of the reality TV program The Biggest Loser, the contestants were tired. Their bodies ached. Days on the ranch had been spent mainly in the gym and what amounted to a sports rehab facility, where health professionals attended to blisters, stress fractures, and sore muscles from working out, sometimes plunging the contestants into a plus-size ice bath designed for racehorses. Despite all that exercise, they’d also drastically cut their calorie intake. The contestants were motivated to carry on anyway because of the strange, weight loss Olympics premise of the show they were starring in. Whoever lost the greatest percentage of their original body weight after thirty weeks, the “biggest loser,” went home with a $250,000 cash prize.


In addition to all those hours training and recovering, and stints in front of the cameras, the sixteen men and women had agreed to submit to the demands of the scientists. That day, starting around five a.m., Kevin and his colleagues welcomed the contestants, one by one, into a dimly lit room in the mansion—a makeshift metabolism laboratory. For forty-five minutes, each Biggest Loser took a spin in a “metabolic cart.” The person would lie down on a bed, and the cart’s domelike bubble would be placed over their head to read their resting metabolic rate—or how many calories their bodies burned while they were doing next to nothing.


When the day’s data gathering was done, the contestants went back to working out. The show was an extreme televised version of a “fat camp,” and exercising was pretty much all they were allowed to do. Their phones had been taken by the show’s producers and they had no access to TV or the internet. Kevin, meanwhile, walked around the ranch, touring the Biggest Loser gym, which was filled with state-of-the-art exercise equipment and banners featuring motivational quotes from the show’s celebrity trainers.


The conference room, where contestants deliberated over who would be sent home each week, was run-down. There was no personal chef working behind the scenes, just a simple kitchen where the show’s participants made their own small meals, often using food from Biggest Loser partners such as Jennie-O low-fat turkey. Everything looked a lot less glitzy than it did on TV, Kevin thought.


Mostly, Kevin felt a little out of place. Not only was this a strange research setting, but the study was among the first in humans he’d ever run. The higher-ups at his agency, where Kevin had his own lab, didn’t want the reputation of their prestigious institution tarnished by association with a reality TV weight loss contest. But he’d found a way to make the research happen anyway because he was sure of one thing: Peering inside the contestants’ bodies as they crash-dieted and exercised their way to thinness would help unlock mysteries of metabolism and obesity.


Weight loss of the magnitude the contestants were experiencing rarely happened outside of bariatric surgery. Trying to induce it for the purposes of a study today would never get the approval of a research ethics board. The bodies of the Biggest Losers, unbeknownst to them, were a “natural” experiment, brimming with original data, and the scientists were capturing it all—before, during, and long after the competition was over.


In the end, the show contestants delivered new insights, as Kevin expected. What he didn’t anticipate: The findings would run entirely contrary to the way many of us think about metabolism and weight loss. The discoveries even challenged the most long-standing and persistent assumption of all: that the speed of one’s metabolism determines their body size, and a faster metabolism means a thinner body.


METABOLISM MYTHS


If you read just about any lifestyle magazine or newsletter, or follow the shenanigans of self-proclaimed wellness experts on social media, you might believe metabolism has something to do with how much you can eat without gaining weight, a knob inside the body that can be finely tuned with dedicated “metabolism boosters.” Some people are blessed with a fast metabolism. The rest of us can try chili peppers, cold exposure, green tea extracts and other supplements, or muscle-building exercise routines.


The implicit message in all the products and protocols is that you can do certain things to speed up your metabolic rate, or calorie burn—and that the increased speed is desirable because it helps with weight loss. On the flip side, the influencers tell us, weight loss can cause the metabolic rate to decline perilously, making it even more difficult to keep fat off.


This metabolism boosting subsection of the weight loss industrial complex has a surprisingly rich intellectual history. One of the most effective weight loss drugs ever invented sped up metabolism. Factory workers in France during World War I used a chemical called 2,4-dinitrophenol, or DNP, to manufacture explosives, when they started to report fever, sweating, nausea, and vomiting—as well as rapid, unintentional weight loss.


When researchers at Stanford University learned about the chemical’s slimming effects, they saw an opportunity. DNP could be used as a “metabolic stimulant” for weight loss. After testing in animals, then in humans with obesity, the scientists boasted about the drug’s “power to increase metabolism to very high levels” and promoted DNP as a safe and effective tool for treating obesity. Within a year after they shared their initial findings, in 1934, at least 100,000 Americans had reportedly taken DNP. One brand’s packaging featured testimonials about “literally burning the fat away,” also warning consumers “DO NOT BECOME ALARMED” if rashes, eye and skin discoloration, or burning developed. That the drug originated with toxic side effects during explosives manufacturing didn’t seem to deter consumers; such is the desire for fast fat loss.


By World War II, a foundational study in nutrition science bolstered the related idea that a metabolic slowdown—meaning a person burns calories more slowly than expected for their body size—kicked in with weight loss. The legendary American physiologist Ancel Keys gathered thirty-six lean and healthy young men at the University of Minnesota and slashed their dietary calories in half for six months. The study’s participants—all conscientious objectors eager to serve their country—had volunteered to go hungry with a compassionate goal: figuring out how best to rehabilitate famine survivors and malnourished people after the war. Over twenty-four weeks, the men wandered the university campus and town, often sitting in restaurants watching other people eat, while mostly abstaining from food themselves. As they withered away, dropping a quarter of their body weight, they grew tired, feeble, cranky, and cold. They also saw their metabolic rate cut by almost 40 percent.


The findings of the “Minnesota starvation experiment” built on fasting research, which already demonstrated that as we cut calories, the body senses the new low energy state and, much like a smartphone or laptop running short on battery, goes into power-saving mode. The decrease in calories burned was often greater than what could be accounted for by a person’s new, smaller body size. (Smaller bodies, contrary to popular wisdom, generally have lower metabolic rates than larger bodies.)


Putting these findings together with the DNP example suggested metabolism was important not only to body weight; it could accelerate weight loss if properly manipulated.


It didn’t take long before cases of blindness caused by “dinitrophenol cataracts” and deaths linked to DNP turned up in humans. By 1938, the drug attracted the scrutiny of newly empowered federal food and drug regulators in the United States and was banned after being deemed “extremely dangerous and not fit for human consumption.” Using a drug to speed up one’s metabolism suddenly seemed like a very bad idea.


Yet the link between metabolism and body fat had been established in the marketplace of weight loss ideas. Products continue to trickle out to this day (including illegal DNP-laced supplements, which are still sold for weight loss and bodybuilding over the internet; as of 2011, over sixty related deaths were reported in the medical literature). In addition to the metabolism-boosting supplements to buy, health and fitness influencers promote exercise and muscle building as natural metabolism enhancers during weight loss—claims that Kevin often wondered about.


Kevin had studied the details of the Minnesota experiment. The brains of the conscientious objectors focused almost exclusively on food. Eating was all they could think about. If they couldn’t eat, they wanted to be around or see pictures of food. “I was one of the many,” one participant later recalled, “that mentally was transfixed on cookbooks. And I collected probably a hundred cookbooks . . . I would read cookbooks like you would read Reader’s Digest.” As they ate less and lost weight, they became so weak that they could barely muster the strength to open a door, let alone work out.


THE BIGGEST EXERCISERS?


Something quite different happened on every TV episode of The Biggest Loser. For two years before Kevin’s study trip to the ranch, the show had become a guilty obsession but not because of its absurd spectacle. Kevin’s research focused on figuring out how what people eat and how much they exercise affect metabolism and body weight. He had studied these phenomena using data from hundreds of patients, collected by other researchers over many decades. Never, ever had he seen people lose weight at anything close to the rate of the Biggest Losers—not even during the Minnesota study.


The contestants screeched, cried, vomited, and panted their way through grueling workouts in front of toned and tanned celebrity trainers. One was hospitalized with rhabdomyolysis, a sometimes fatal condition caused by overexertion. Others starved and dehydrated by spending lots of time in the sauna and subsisting only on low-calorie foods—vegetables and sugar-free Jell-O. In one case, a contestant reported that he’d been urinating blood, a potential sign of kidney damage. The people on the show seemed to be eating far less, and moving far more, than the Keys research participants. How was this possible?


One morning, more than a year before his visit to the ranch, Kevin got Robert Huizenga, known as Dr. H, on the phone. A chiseled “workout fanatic” and son of a noted athlete and Manhattan Project physicist, Dr. H had long been a TV fixture, as well known for his role as the former team physician for the Los Angeles Raiders as he was for public appearances about the health of his Hollywood patients.* Dr. H was also The Biggest Loser’s medical consultant.


On the call, the doctor was forthcoming about his weight loss strategy. Like the show’s episodes, he emphasized all the exercise the contestants were doing. They were basically subjected to the training regimen of professional football players, he explained, an approach he picked up working for the L.A. Raiders. He had noticed that linemen participating in “two-a-days”—two workouts per day—couldn’t help but lose weight.


In his past life, this had been a problem; the largest players needed to maintain a high body mass to effectively play the game. He couldn’t get them to eat enough food to prevent weight loss. That experience left him wondering: What if we could get people with obesity, who wanted to lose weight, to work out like football linemen?


That was what unfolded every week on TV. The contestants weren’t put on any specific diet—just told to eat at least a minimum number of calories, depending on their body size, and no junk food—and then strongly encouraged to exercise for several hours per day. Exercise was the main driver of the weight loss. Amazing transformations followed.


During the call, it dawned on Kevin: While scientists had known for years about the metabolic slowdown after cutting calories, no one knew what happened to metabolism during weight loss with lots of exercise in the context of obesity. Maybe larger bodies registered the surplus of energy they had stored in the form of body fat, and unlike the lean conscientious objectors in Minnesota, the Biggest Losers would continue to burn calories as usual? Maybe all that working out built muscles and prevented a drop-off in their metabolic rate, as metabolism-boosting exercise advocates often promised? The Biggest Losers could help solve these mysteries.


There was just one problem: Kevin’s bosses told him to drop the idea.


Shortly after the call with Dr. H, Kevin headed to a scientific conference, where he ran into Eric Ravussin, a colleague with a lab at the Pennington Biomedical Research Center, a world-renowned obesity research institution in Louisiana. Kevin told Eric about his idea and the difficulties getting buy-in from his bosses. Maybe Pennington could lead the study? Eric was game. He’d already been concerned for years about the show, and that it could potentially mislead the public on obesity management. The series’s fat-shaming premise had been dubbed by critics “maybe the most damaging television show ever,” one that pivots between “sadism and empathy at whiplash-inducing speed.” (The Biggest Loser creator maintains the show prioritized the health of the contestants, which is why it had a medical team in place. He also said they’ve addressed bullying on the show in more recent years. )


What followed was the first reality TV show turned metabolism experiment, and the first study to follow people with obesity as they lost and regained exceptional amounts of weight. The findings were so odd, Kevin had his study equipment examined because he didn’t believe the results.



SIX YEARS LATER



Over more than six years, the scientists gathered hundreds of data points about how the contestants’ bodies were transformed. Contrary to the stereotypes of people with obesity, they documented enormous, outrageous levels of willpower. During their time at the ranch, the Biggest Losers drastically reduced their calorie intake—by an average of 65 percent—while burning about 4,500 calories each day, including three hours (often more) of vigorous exercise. After thirteen weeks on the ranch, when the remaining contestants had returned to their homes to await the final episode of the show, they continued to burn around 3,000 calories per day, exercising for more than an hour every day on average. By thirty weeks, they had lost an average of 130 pounds—roughly the size of a twelve-year-old boy. The winner of season eight, Danny Cahill, shed 239 pounds, more than halving his body weight.


In most weight loss diet studies, people struggle to lose even 5 or 10 percent of their body weight. The Biggest Losers were outliers. They’d dropped 40 percent on average. The starving Minnesotans lost far less—25 percent. And unlike the men in the Minnesota experiment, whose weight loss was mostly from muscle and other lean tissue, about 80 percent of the weight loss in the Biggest Losers came from body fat.


The show demonstrated that people with obesity can be incentivized to exercise intensely while eating very little for many months. With the carrot of a quarter million dollars and the admiration of a TV audience, they’ll get trimmer. Dramatically so.


But what drove the weight loss wasn’t merely exercise, as implied on TV. Kevin and his team found that diet was at least as important as working out during the competition. The Biggest Losers who cut the most food calories lost the most weight. There was no such relationship with physical activity.


To get Biggest Loser–sized results, the kind of calorie cutting they were doing was almost unthinkable. They had reduced their food intake even more than the Minnesota participants. Cahill, for example, recalls working out constantly while at the lowest point eating only 800 calories in four small meals. This created a calorie deficit that Kevin estimates would have killed the average Minnesota starvation experiment subject in less than six weeks.


Despite all the muscle-building exercise, despite the many pounds of fuel the contestants had been carrying around in the form of fat at the outset of the contest, by the show’s finale, their metabolic rates had dropped spectacularly. They were now burning several hundred fewer calories per day, much less than could be explained by the amount of weight they had lost. The Biggest Loser contestants switched into power-saving mode, just like the lean Minnesota participants. The contestants with the greatest weight losses at the end of the competition also had the most exaggerated metabolic slowing. These findings contradicted the idea—promoted in countless fitness books and magazines—that working out to build and maintain muscle “boosts” metabolism during weight loss.


Perhaps most surprising of all: These effects on metabolism persisted, long after they left the ranch. Six years after season eight wrapped, the people with the “broken metabolisms” flew in from across America to Kevin’s lab outside Washington, D.C., to have their health assessed—a reunion that would allow the scientists to peer inside their bodies one last time. The burning questions now: Did the people with the greatest metabolic slowdown at the end of the contest go on to regain the most weight? Did their metabolic rates rebound?


Just like old times, they took a spin in the metabolic cart and submitted to a bunch of tests—blood draws, urine sampling, and X-rays to measure body fat. Outside the lab, the former reality TV stars toured the U.S. capital and caught up over dinner at a restaurant near the White House before heading back home. Fierce competitors at the ranch, they now found comfort in each other, basking in the warmth of old friendships. “The best way I can describe it is we all went through what was like a train wreck together,” one season eight contestant, Sean Algaier, told us, “and we all trauma bonded with each other really deeply, and so when we see each other, it’s like seeing an old home again.”


When Kevin and his team crunched the data, they were so taken aback by what they saw in the numbers, they thought some sort of measurement error must explain them—that the metabolic cart at their lab was somehow different from the one they’d used at the ranch all those years earlier. So before moving forward, Kevin frantically tracked down the original device, now at the Pennington Biomedical Research Center in Louisiana, and had it flown to his lab for analysis. Both carts gave the same results. There was no measurement error. The finding was real: Even though the ex-contestants regained an average of about two-thirds of the weight they’d lost, at the six-year mark, their average metabolic rate was no different than it had been at the show finale.


AWAY FROM THE CAMERAS


When the contestants of season eight left the ranch and went back to their regular lives—filled with work, family obligations, and other daily stresses—exercising for several hours each day while eating very little was . . . difficult, to say the least. Most of them regained much of the weight they’d lost. Even Cahill, the season’s winner. His victory launched a motivational speaking tour that lasted for four years, taking him on roughly one hundred flights per year across America. But soon enough, “That took a toll,” he told us. He wasn’t seeing his wife and kids as much as he wanted to, and after exercising more in a few years “than most people do in a lifetime,” his knees, ankles, feet, and joints “were breaking down.”


“You can only keep motivation up for so long but eventually you get tired,” he told us. He returned to his former job, as a land surveyor, and to his old body size.


When Cahill and his peers were much larger on average, no longer dieting and exercising all day, their power-saving mode persisted, which is not at all what the scientists predicted. They expected just the opposite to occur—that their metabolic rate would tick back up.


There were other oddities that defied the researchers’ expectations. People whose metabolisms dropped the most at the end of the contest—also those who had the greatest weight loss at the show’s finale—did not regain the most weight. Instead, they appeared to be just about average in terms of their weight regain over the six years.


A “slowed metabolism” didn’t prevent weight loss and it also wasn’t a predictor of future weight gain, findings that have since been corroborated by other scientists. Even more intriguing, those with the greatest metabolic slowing at the six-year mark were now the people who had maintained the most weight loss. Put another way: The biggest weight losers consistently boasted the slowest metabolisms.


Before these studies, it seemed logical that if a person started to burn fewer calories than expected when they lost weight, they’d be predisposed to regaining fat. But once again, widely believed weight loss dogma turned out to be wrong when put to the test. Now just the opposite was true: The slower the metabolic rate, the greater the weight loss success.


There was a final surprise. The behavior most linked to maintaining lost weight at six years was different from the weight loss phase during the TV show. This time, there was no relationship between how many calories people cut from their diet and their ability to keep weight off. Now, exercise was key. The people who had increased their physical activity the most had the best odds of avoiding weight regain. That suggested physical activity, while not a predictor of who got slimmer during weight loss, correlated with weight maintenance years later—another trend that’s been observed by other researchers.


Tracey Yukich, the contestant who was airlifted to a hospital with rhabdomyolysis, was a case in point. Because of her health scare, she was allowed only light-intensity exercise during the competition—walking, swimming, and physiotherapy. Still, she shed 118 pounds, nearly halving her body size, by eating so little she became lightheaded and anemic. At six years, she was among the most successful at fending off weight regain—and one of the few contestants exercising heavily. In both cases, she recorded among the greatest metabolic slowdowns.



OUR ENVIRONMENT MEETING OUR BIOLOGY, AGAIN AND AGAIN



We asked Yukich and several other Biggest Loser contestants what they thought of the research findings. They told us they were comforted by them. In the results, they saw proof of their biology fighting back against their attempts to change their body size—a reminder of how difficult it is to lose weight and keep it off, and of how hard they had to work to lose it in the first place. “After those numbers came out, I had to realize that even though I did all that process of exercise and losing weight, I’m still me inside,” Yukich said.


In one sense, they’re right: Our bodies react to the lifestyle changes we make—exercise more, sleep less, eat less. Whatever you do, your body registers those differences and compensates, outside your conscious awareness. This influences not only metabolism but appetite and whether we’re more likely to, say, eat an avocado or a cookie, or walk to work or take the car.*


But the metabolic slowdown was only a small part of the story, and it didn’t at all explain the struggle people experienced in the long term. A slow metabolism wasn’t the “life sentence” even the Biggest Losers believed it to be. Something more interesting was going on.


Kevin thinks maybe a metabolic slowdown is a reflection of hard work, not destiny—like the tension on a spring. The harder you pull, the greater the spring stretches, and the more tension. The more intense the intervention, the greater the weight loss, but also the more slowing of metabolism. For the Biggest Losers, maybe all the exercise drove the persistent power-saving mode. Unlike people in other weight loss studies, the reality TV stars were different in one major way: They had chronically and substantially increased their physical activity—moving much more at six years than they were before the show. The change was likely great for their overall health but may have led to the surprising, long-term effect on metabolism.


This gets at an idea from evolutionary ecology called “life history theory.” Energy is a finite resource in the body, and our bodies make trade-offs to optimize our ability to reproduce. So doing a lot of physical activity costs energy and may cause other biological processes to shut down—like when female athletes start missing menstruation. The resulting energy savings could show up in a reduced metabolic rate.* Scientists still don’t have a very detailed understanding of which processes power down when the resting metabolic rate slows—how our bodies subtly shift their energy budgets for different purposes.† But the phenomenon may help explain the metabolic drop-off on the show and years later.


Altogether, Kevin’s study uncovered a pile-up of compelling stories about metabolism and weight loss that did not pan out when put to the test. Exercise is the key to weight loss, in part because it prevents the slowing of metabolism. Those who exercise the most lose the most weight. People whose metabolisms slow the most lose the least weight. Those with the greatest slowing of metabolism regain the most. People with persistently slowed or “broken” metabolisms are the worst off weight-wise in the long run. Wrong, wrong, wrong, wrong . . . and wrong. The metabolic slowdown didn’t seem to determine anyone’s ability to lose weight or keep it off in the short or long run.


Put more succinctly: It’s not metabolism, stupid. And just because something sounds like it makes scientific sense doesn’t mean it’s correct. Just because an idea has kicked around for decades, even centuries, doesn’t mean it’s been properly tested. We will see this again and again in this book.


The media coverage of the Biggest Loser studies missed these subtleties. The popular narrative that emerged about Kevin’s research was simple: The reason people struggle with weight loss is that they’ve destroyed their metabolisms. In a story on the front page of The New York Times, the study helped explain “why so many people fail to keep off the weight they lose.” The results seemed to affirm that old belief: that a slow metabolism was the probable driver of many people’s struggles with weight* —and that something should be done to obtain speed. It was as if people interpreted the findings to fit their preconceived narrative about metabolism—a view that could be traced back to the World War I DNP research. Julia’s own story about the study perpetuated the idea, while experts around the world weighed in with tips for how to reverse metabolic slowing and supercharge metabolism. A sluggish metabolic rate causes fatness, the logic went, and fatness breaks the metabolism even more. Or, as another New York Times article put it, “When you have been fat, your body doesn’t behave the way a thin body does, even when you become thinner.”


In the aftermath of the intense media coverage of the study, Dr. H expressed frustration about the data and told us he still doesn’t believe the results. He wrote a letter to the scientific journal that published Kevin’s paper and complained that the metabolic slowing could have been an artifact of erroneous measurements. Kevin and his colleagues responded to Dr. H’s letter, explaining why that argument had little merit. Unfortunately, it will be almost impossible to replicate the findings. Following seventeen seasons, The Biggest Loser was dropped from the broadcast TV network’s lineup the year after Kevin’s study was published.


Instead of a slowed metabolism, what caused the Biggest Losers’ fat to come back was the pressures of the real-world food environment and real life outside the ranch. The food environment interacting with our biology—which we will unpack in this book—explains not only why the contestants regained their weight but why most people do in just about any weight loss boot camp, fat camp, crash diet, or health spa humans have ever attempted. People go home and return to their old routines and ways, and the fat comes back.


The contestants had delivered a far more interesting and important story, one that had gotten lost—perhaps with good reason. One evening at home in Maryland, after reading dozens of confused stories on his Biggest Loser research, Kevin leaned back in his office chair and thought: Wow. No one knows what the hell metabolism is.


So let’s move on to, you guessed it, what the hell metabolism is and why its connection to weight loss has been a great big distraction.




Footnotes




* In 1995, he served as a defense witness in the murder trial of the former football star O. J. Simpson, and two decades later, he sat next to Charlie Sheen while the actor publicly revealed he was HIV positive.


* On the flip side, the same thing happens when we eat too much. Overfeeding studies show that our bodies can also resist weight gain, and how much weight people gain when they overeat is highly variable.


* These ideas were popularized by anthropologist Herman Pontzer in his book Burn. He makes the point that increases in physical activity above a certain point cause decreased energy expended for other processes. To test this model, we still need more long-term research.


† While it’s relatively easy to gauge changes in one’s overall metabolic rate, it’s more difficult to home in on what’s driving the changes.


* Some data suggest that people who have an abnormally low energy expenditure for their body size have increased risk for weight gain, but even then it seems that increased food intake is still the main contributor to weight gain.











CHAPTER 2


The Fire of Life


One sunny summer day, instead of enjoying the beautiful weather, a reporter is enclosed in a dim, hermetically sealed 11-by-11½-foot room on the outskirts of Washington, D.C. This metabolic chamber at the National Institutes of Health (NIH) Clinical Center, the largest hospital in the world focused on scientific research, is considered the gold standard for measuring metabolism. The reporter is there because she is among the metabolically confused. The only way to understand metabolism is to finally see how it works. This meant volunteering for a study involving a twenty-four-hour chamber stay.


The chamber isn’t quite the silvery space-age contraption that the reporter, Julia, had imagined but a sparsely furnished cube—with an exercise bike, a toilet, and a bed. Julia’s every move is being monitored through a plexiglass window as well as a video camera and an infrared motion detector in the ceiling. She wiles the time away by taking a few spins on the exercise bike, reading, working on her laptop, and eating. But she can’t eat whatever she wants whenever she feels like it. Like a prisoner in solitary confinement, she receives her food on plastic trays at organized intervals, passed to her via a small, air-locked opening in the wall. Julia sends every leftover scrap back through the wall, and it’s taken to a sub-basement kitchen where dietitians tally up the calories she ate.


Just before lunch arrives, a scientist visits Julia—via the plexiglass window and a phone—to inquire about how she’s doing. Julia takes the opportunity to ask him how the heck this room is possibly looking inside her body. She learns that measuring metabolism has nothing to do with the gadgets—a heart monitor and three accelerometers—that are currently hooked up to her wrist, waist, and ankles, nor the infrared motion detector, as she’d assumed.


The real action is taking place in the chamber’s ceiling, where an array of discreet metal pipes suck air out of the room. The best way of measuring metabolism today is by measuring a person’s breath.


WHERE DOES BODY HEAT COME FROM?


Survey your friends or family and ask them what metabolism is, as we have done repeatedly in the process of writing this book. After mumbling something about body weight, you’ll probably get a funny reply if you push for specifics. On where metabolism is located, one economist friend told Julia, “It’s in the digestive system,” pointing at his belly. Kevin’s son, age nine, offered, “It’s something about food.”


Even without knowing exactly what, or where, metabolism is, most people have an intuitive sense that it has to do with “burning” calories. It was the ancient quest to understand the origins of our internal fire—body heat—and how that warmth related to breathing that led to the unraveling of one of the most important, and elusive, vital processes known to humans, the key reason why we eat.


Before scientists had the periodic table of the elements, before they discovered the atom or the cell, and long before the term metabolism was coined, poets and philosophers knew that breathing and bodily heat were essential for sustaining life, and somehow linked. In Genesis, when God animated Adam, he “breathed into his nostrils the breath of life.” The Greek physician Galen preached that life derived from pneuma, the ancient word for breath. “Heat combined with moisture so conceives and life results from these two things,” reads Ovid’s Metamorphoses. “For though the flames may be the foes of water, everything that lives begins in humid vapour.” The ancients also observed that animals, including humans, are warmer than their environments, and that the temperature difference quickly dissipates with death. Aristotle had an explanation for what was happening: The heart produced the “vital” or “innate heat” of life, while the breath from the lungs cooled the heart.


In the eighteenth century, the French chemist Antoine Lavoisier began to study how breathing and body heat were related chemically. Born into an aristocratic Parisian family, Lavoisier invested his personal fortune in a “tax farming” institution that profited off the public collection of levies on behalf of the Old Regime. With that money, he built one of the most impressive laboratories in Paris just as chemistry was emerging from alchemy and starting to formalize. In his spare time—when he wasn’t directing France’s tobacco and gunpowder industries, or acting as commissioner of the national treasury, among his numerous official posts—he managed not only to describe and name oxygen* but to deliver a related insight that takes us to the cutting-edge research at NIH’s metabolic chamber.


In his palatial lab near the banks of the Seine in Paris, Lavoisier fitted his assistant—another nobleman, Armand Séguin—with an airtight brass mask, and using putty, he affixed Séguin’s lips to a rigid tube connected to a series of vessels. Through the tube, Séguin inhaled air, and everything he exhaled ran into a vessel filled with water, for analysis. Lavoisier tracked Séguin’s pulse and breathing—noting how the air he respired changed during eating, pumping a foot pedal, and exposure to various temperatures. For another test, Séguin donned a rubber-coated taffeta suit that sealed in air and humidity. This time, the aim was to track how much water Séguin lost through his skin and exhalations, and how that linked up with any fluctuations in respiration.


Lavoisier discovered something curious. The composition of the air Séguin breathed in and out shifted after he ate and when he was exposed to cold; his respiration changed even more during physical activity. There appeared to be a direct relationship between the work Séguin was doing and the air he respired. But he realized there was something potentially even more interesting going on inside Séguin. The harder he worked, the more heavily he inhaled and exhaled, the faster his heart beat, the more water he lost through his skin and exhalations—and the hotter he became. Séguin’s breathing was connected to his body heat.


To further investigate, Lavoisier invented the ice calorimeter, a device with three concentric compartments: two outer layers packed with ice, and an inner chamber where tubes were fitted to pump fresh air in and draw out used air. Inside the device, Lavoisier combusted a lump of charcoal, tracking how quickly the burning charcoal melted the ice and how much carbon dioxide was produced. Later, he placed a guinea pig in the calorimeter. His remarkable observation was that the ratio of ice melted to carbon dioxide produced was almost identical between the breathing guinea pig and the burning charcoal.


Breathing and burning both consumed oxygen, released carbon dioxide, and generated heat in similar proportions. Respiration wasn’t just metaphorically like combustion; it was chemically equivalent, Lavoisier reasoned. What was happening inside the body of a living animal was a sort of fire, just one that roared gently. Or as he and Séguin put it, “breathing animals are actual combustible bodies that are burning and wasting away.”


Lavoisier didn’t have a word for what he was measuring, but he knew he was homing in on that mystery that had captured the imaginations of humans for millennia. “Fire taken from the heavens, this flame of Prometheus, not only represents an idea that is ingenious and poetical but it is a true picture of the operations of nature on behalf of animals who respire,” he wrote. “One can say with the ancients that the fire is lighted the moment a baby takes its first respiration and is not extinguished until its death.”


The scientists thought respiration was the source of not only animal heat, but human bodily heat, too. Food, they argued, turned into a carbon-hydrogen fuel, like charcoal, in the blood. The blood then carried the fuel to a place in the body where it burned to warm us. The site of combustion, they proposed, was the lungs.


Lavoisier and Séguin wound up being wrong about where respiration and combustion happened inside the body—a reminder that even the best scientists come up with plausible theories that don’t pan out. But their sense of food’s purpose wasn’t far off the mark. We eat, they guessed, to replenish fuel that gets burned up through breathing. Without food, animals eventually waste away, “perish, just as the lamp goes out when it lacks fuel,” they wrote.


When Lavoisier and Séguin shared the observations with the French Academy, more than two hundred years ago, it was the first attempt to explain what we now refer to as metabolism.


METABOLISM, EXPLAINED


Scientists now know that respiration doesn’t just happen inside the lungs. It happens inside almost every cell of the body.* And the respiration in our tens of trillions of cells is part of the complex web of chemical reactions that collectively make up metabolism—an uninspiring name for what is arguably one of the most awe-inspiring and beautiful processes humans have ever discovered.


Food molecules—either from our last meal or those stored within the body’s tissues and released for use between meals—are carried in the blood, along with dissolved oxygen from the breath, into our cells. Our cells are like minuscule hives of chemical and electrical activity. They take in the digested food particles, along with molecular oxygen delivered by red blood cells, and feed it all into a series of carefully controlled chemical reactions that power life itself.


When scientists like Kevin talk about metabolism, what they’re really talking about is this: The chemical reactions that bring together the stuff we eat and breathe and, through choreographed biochemical waltzes, transform it all into the energy and building blocks we require for life. These almost invisible waltzes are everything that happens between “ashes to ashes” and “dust to dust.” In humans, they’re behind our every heartbeat, every thought, every blink of the eye. They’re the reason we can walk, heal injuries, grow muscles and hair, play music, fight infections, and have children who can do all those things.


These reactions, and the sequences in which they unfold—the bane of every high school science student—are not only beautiful and life-giving, they’re also common to every living thing, from bacteria to humans. Nature solved the problem of metabolism once, and used the solution over and over and over again.


After studying metabolism for years, what Kevin loves most about it are the nerdy intricacies of how nature managed this feat—how cells transform the energy in our food into a universal form of chemical energy, ATP, that can power every cell of the body. Kevin likes to think about making ATP as something like swapping partners at a waltz. Some of the partners are electrons, and others are protons.* Atomic elements share their electrons when they combine to form molecules. And when molecules break apart, they release their electrons, which seek new dancing partners. When the bonds among the atoms in food molecules break down within our cells, smaller molecules get shuttled into subcellular structures called mitochondria. There, they unite with other molecules as part of a roundabout series of chemical reactions that produce carbon dioxide. These reactions, known as the Krebs cycle, are like a circular waltz, with dance partners coming in and going out. The carbon dioxide they produce gets transported out of the cells into the blood and exhaled in our breath.


Back inside the mitochondria, electrons get passed through a series of four proteins called the electron transport chain. Together they create a tiny electrical current to charge mitochondrial batteries by pumping protons across a membrane. Electrons at the end of the electron transport chain are accepted by molecular oxygen from our breath and combined with protons to form water, which comes out in our sweat, our urine, and the moisture of our exhalations. The mitochondrial batteries are charged with an electric field strength equivalent to a lightning bolt and power tiny molecular motors that spin more than 100 revolutions per second. On every rotation, they make one ATP molecule by adding a phosphate ion to a molecule called ADP.


If you made it through the last few paragraphs, take a deep breath.*


The upshot is that the chemical energy in our food is used to make ATP out of ADP, to power the innumerable range of cellular functions that keep us alive. When it does this, ATP gets turned back into ADP so that it can return to the mitochondria and keep all the waltzes going—the partner swapping of protons and electrons that make life possible. The average person turns over some 50 kilograms of ATP and ADP every single day.


Metabolism doesn’t only explain how we’re able to carry about our lives. Metabolic reactions also give off the heat that warms us. As Lavoisier observed, the process unfolds gently, stopping short of exploding into flames. That’s because every one of the chemical reactions of metabolism is precisely controlled by an enzyme.


Specific enzymes regulate each chemical reaction, allowing metabolism to burn fuel slowly and in coordination with other cellular processes. Our enzymes take the place of the spark required to ignite a fire outside our bodies. And these specialized molecules, like everything else inside us, are ultimately made from the food we eat. As City of Hope metabolism scientist Charles Brenner puts it, “Metabolism converts everything we eat into everything we are and everything we do.”


In a time before the function of the cell was discovered, Lavoisier figured out that breathing is chemically linked to the “burning” of metabolism in a process that also explains bodily warmth. Even more remarkably, he realized that quantifying body heat—a warmth we now know is radiating from the metabolic reactions in our trillions of cells—is as simple as measuring our breath and how it changes the air.


Both the chamber Julia had stepped into and the metabolic cart Kevin and his colleagues fitted on the Biggest Losers were mere upgrades of the centuries-old tube-and-vessel contraption Lavoisier used on Séguin. Simply measuring the breath—the rate of oxygen consumed and carbon dioxide produced—could reveal how much heat a person produces. And since calories are units of heat,* quantifying the warmth from the metabolic reactions in our bodies also reveals how many calories a person is burning at any moment, their metabolic rate.


As the ancient Greeks and poets sensed, heat is fundamental to life. Without heat, living things could not exist. According to the second law of thermodynamics—the physics of how heat is related to other forms of energy—the universe tends to become more random and disordered over time. It’s the idea that you can’t unscramble an egg or unbreak glass. Heat, or thermal energy, is the vibration of molecules in a substance that makes it more random. Emitting heat is what allows living things (which are highly organized systems) to obey the second law: The heat produced from metabolism increases the randomness of the universe more than it creates the complex and highly ordered structures of life. Life self-organizes by harnessing a continuous flow of matter and energy derived from food and breath, and that flow gives off heat.


Metabolism is that flow—sustaining life, building and repairing us, and powering everything we do, all the while warming us. So essential, some form of metabolism is thought to be present in not just terrestrial but extraterrestrial life, too.*


METABOLISM DISTRACTION


The myth of the slow metabolism died in the chamber for Julia. More important, her perspective on metabolism shifted. Before she entered the study, she thought of metabolism mainly in its relationship to body weight, and she was sure that she’d managed to slow an already sluggish metabolism through dieting. As it turned out, her metabolic rate was completely normal for someone her age and size. She didn’t have an unusually “slow metabolism.” Most people don’t, Kevin told her when they went over her results. The cause of her weight struggles lay elsewhere (more later in the book).


The focus on metabolism for weight loss has been a big distraction, not only for people seeking real help and answers but from the insights that careful science, over centuries, has uncovered. Metabolism wound up as the body’s problem child, instead of being celebrated for what it is: core to the very existence of life.


That this mysterious chemical process gives us the energy for life is just part of what metabolism does; it’s also the engine that builds and rebuilds our bodies. We will turn next to what in our food provides some of the most important building blocks of life, long considered the “one true nutrient” that people still obsess about eating more of: protein.




Footnotes


* Joseph Priestley is often credited with being the discoverer of oxygen, even though Lavoisier named it. Before Priestley, the Swedish chemist Carl Scheele also discovered oxygen but he only published his findings after Priestley. Priestley called the gas “dephlogisticated air,” fitting his finding into a popular theory of the day. The “phlogiston theory” held that burning, corrosion, and respiration were all chemical processes that released something into the air—an entity called phlogiston. This “fire matter” was present in everything but only visible when it escaped an object during burning. In other words, Priestley was so invested in the compelling narrative of phlogiston, he couldn’t see what he’d actually discovered—a trend we’ll see on repeat.


* Red blood cells don’t respire, maybe because they are responsible for delivering oxygen to the other cells of the body.


* A friendly reminder that all matter is made from atoms, which are in turn made from uncharged particles called neutrons, and charged particles called protons and electrons.


* Fun fact: When you lose weight, you’re burning body fat, which is mostly made of carbon and hydrogen. And the by-products of this fat oxidation are the carbon dioxide you breathe out and the water in your urine, sweat, and exhalations.


* More specifically, according to the most widely used definition, a calorie is defined as the amount of heat needed to raise the temperature of one kilogram of water by one degree Celsius.


* NASA scientists used this idea to test for life on Mars, measuring whether basic nutrients were metabolized in Martian soil samples. Surprisingly, the results of this 1976 experiment turned out to be positive and some scientists still believe they support the existence of Martian microbial life.
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