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			PREFACE

			Going to MIT was like going to Hogwarts. The place was full of witches and wizards doing stuff that was indistinguishable from magic. But the most magical part was suddenly finding myself among a bunch of fellow nerds—this was pre-Facebook, when nerds were still considered cute, harmless pets—and realizing that I was one of them. I could do magic, too.

			I wish I had the bravery and recklessness of a Gryffindor, but I was a Ravenclaw through and through: quiet, weird, and never in trouble. In fact, my friends said I was “allergic to fun.” In fairness, this was absolutely true. I spent most Friday nights working in my room, I can’t recall going to a single party, and I voluntarily chose chemistry as a major, which meant that I took three semesters of organic chemistry (affectionately known as “orgo”). I then became a teaching assistant for that class . . . twice. So, yeah, definitely a severe fun allergy.

			The best thing about intro organic chemistry is learning to build molecules—not in a lab, but on paper. You’re given a few molecules to start with and the target molecule you have to build. Like this:

			STARTING MATERIALS: BENZENE, FORMALDEHYDE TARGET: DIPHENYLMETHANOL

			Your job is to chart a path from the starting materials to the target. One answer to the above, for example, might be a five-step process involving iron bromide, bromine, magnesium, tetrahydrofuran, and pyridinium chlorochromate.

			Okay, I realize that seems . . . like the opposite of magical. But learning this stuff is like taking a cooking class that teaches you how to invent new dishes, or forge knives, or create new cooking techniques—not just how to hold a knife or follow a recipe. Introductory orgo was just structured enough to make sense but just freeform enough to allow for creativity.

			Then I took advanced orgo.

			One day the professor came into class holding a Diet Coke. He took a long sip, tipping his head all the way back, exhaled an “Ahhhhhh” just like in the commercials, and then, as if mugging for a camera, proclaimed: “Diet Coke, the Elixir of Life.” That wasn’t unusual; he probably started half his lectures this way. (Strange man; great teacher.) As I remember it, he then wrote a chemical reaction on the board and asked us to predict the products:

			
				
					
					
					
					
					
				
				
					
							
							SOME CHEMICAL

						
							
							+

						
							
							SOME OTHER

							CHEMICAL

						
							
							→

						
							
							?

						
					

				
			

			I’d never seen the reaction before, and by the looks of everyone around me, they hadn’t either. When no one answered, he added four letters:

			
				
					
					
					
					
					
				
				
					
							
							SOME CHEMICAL

						
							
							+

						
							
							SOME OTHER

							CHEMICAL

						
							
							→

						
							
							AHBL

						
					

				
			

			“Anyone know what AHBL is?” he asked.

			Thirty-seven lifelong overachievers immediately panicked. This hadn’t been covered in previous semesters. And I hadn’t re-memorized the periodic table in years, but I was pretty sure AHBL was not on it. A and L are not elements; hydrogen (H) is not usually sandwiched between other atoms; and boron (B) usually takes three partners, not two. Plus it was weird that this was in all caps—

			Oh.

			
				
					
					
					
					
					
				
				
					
							
							SOME CHEMICAL

						
							
							+

						
							
							SOME OTHER

							CHEMICAL

						
							
							→

						
							
							ALL HELL BREAKS LOOSE

						
					

				
			

			In other words, two fairly simple chemicals reacted to produce thousands of new products—completely and utterly useless to a chemist trying to cleanly synthesize one pure thing.

			I think about that reaction to this day. On the left, simplicity. On the right, chaos. Overall, the exact opposite of the clean, magical reactions we all learned in intro organic chemistry.

			There are so, so, so many different chemicals we put into our bodies every single day. Water. Cheetos. Cigarettes. Sunscreen. Vape mist. The list is almost literally endless. What happens when all that stuff interacts with all the chemicals that make up our bodies?

			Does—in the immortal words of Professor Elixir of Life—AHBL?

			If so, does all hell breaking loose impact our health?

			I went searching for the answers, and I was surprised at what I found. Things out in Science Land were quite different from what I thought they’d be. But before we get to all that, I want to spend a bit of time on how I found the information I’m about to share.

			I found it by reading.

			Well, no shit, Sherlock.

			I found it by reading science, which isn’t reading so much as decoding or translating . . . because science really is a foreign language. It has its own special words, grammar, rhythms, slang, and even smackdowns. (For example, in English, describing someone as “not serious” just means they’re fun or lighthearted; but in science those same words are a grievous insult, akin to whipping out your white glove and slapping someone in the face.)

			Decoding science involves reading short publications that are intended only for other scientists. These are formally called “journal articles,” but most scientists call them “papers.” A paper is what scientists publish when they do an experiment they like—or have a thought they like—and want all the other scientists to know how awesome it was. This happens all the time, so there are a ton of papers out there: at least 60 million, with about two million new ones published every year. Learning to read these papers gives you access to—in Jasmine’s words—a whole new world. If you have a question about how the world works—like “How do plants make sugar out of light and air?” or “What are the weirdest things people put in their butts?”—the first place you should look is the collection of all the papers in the world. Scientists call this “the literature.”

			So, to answer all the questions I had when writing this book, I turned to the literature. I read a few papers; I interviewed a few scientists. Then I read a few more papers and talked to other scientists. And then, as often happens when you plug into the literature, I got sucked in. When my tally reached a hundred papers, I realized that some facts I had previously learned were wrong. When it reached five hundred, I had found so many fascinating facts and interesting stories that I figured I should write about it. When my tally reached a thousand papers (and eighty interviews), I realized that I was looking at the world in a whole new way. I hope that you have the same experience reading this book as I did reading the literature.

			Before we start our odyssey, though, let me be clear about who I am and what sights you can expect to see along the way. I am not a practicing scientist. For the past decade, my job has been to translate science into English as accurately and entertainingly as possible. So I don’t mainline the literature like professional scientists do. I sip it, spit it out, and try to make sense of what I’m tasting—like a wine critic but with slightly less pomp and circumstance. So this book will inevitably contain mistakes. If you think you’ve found one, please let me know. You can e-mail me at oops@ingredientsthebook.com or hit me up on Twitter @georgezaidan and I’ll dig into the mistake and see what I can discover.

			And there’s another caveat: because there is so much information out there, I had to leave lots of stuff on the cutting room floor. I’ve provided this handy chart so you know exactly what to expect—and not expect—from this book:

			
				
					
					
				
				
					
							
							STUFF IN THIS BOOK

						
							
							STUFF IN OTHER BOOKS

						
					

				
				
					
							
							How bad is processed food? How sure are we?

							Is sunscreen safe? Should you use it?

							What about vaping?

							Is coffee good or bad for you?

							What’s your disease horoscope?

							What’s that public pool smell made of?

							What happens when you overdose on fentanyl in the sun?

							What do cassava plants and Soviet spies have in common?

							When will you die?

						
							
							Your carbon footprint

							Food sustainability

							GMOs

							Science funding

							Politics

							Football

							Baseball

							Any kind of ball, really

						
					

				
			

			All the topics on the right are important topics, and many of them are interwoven with topics on the left, but I need to save some material for books down the line.

			Okay, buckle up: it’s going to be a bumpy ride.
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			P.S. In the following pages, I’ve tried to be as clear as I can about what is my opinion, what is widely accepted, and what is controversial. Almost every sentence that isn’t my opinion is backed up by at least one paper from the literature. I also interviewed more than eighty scientists to make sure I was translating correctly. You can find a full list of every single paper I read and see a list of all the scientists I interviewed at ingredientsthebook.com. Wherever possible, I’ve linked to the papers I used, so you can read them yourself (or, if they’re behind a paywall, you can read a short free summary).

		

	
		
			
				PART I: WHY DOES THIS STUFF EVEN EXIST?
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					“HOW TO DO A COFFEE ENEMA (BEHIND-THE-SCENES IN MY BATHROOM)”

					—Title of a YouTube video

				

			

		

	
		
			CHAPTER ONE

			PROCESSED FOOD IS BAD FOR YOU, RIGHT?
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			This chapter is about ingredient labels, diabetes, uninhabited islands, porn, and homemade Cheetos.

			The road to hell sure isn’t paved with butter anymore.

			It’s cobblestoned with Reese’s, studded with Gushers, and sprinkled with Cheeto dust. Your chariot is made entirely from Snickers and Twix, with Oreo wheels, pulled by Haribo horses.

			The road to hell is a bunch of industrial, unnatural chemicals made in unholy imitation of food, embalmed in a bright box, and marketed to within an inch of its life. Simply put: processed food is poison.

			Right?

			Well, it’s clearly not a literal poison. Eating a Cheeto isn’t going to immediately kill you unless it’s laced with a gram or two of cyanide. But what if you eat two bags of Cheetos every day for thirty years? That’s 21,915 bags—more than 1,300 pounds—of Cheetos. How would that change your risk of a heart attack, or cancer, or death? And how would we know Cheetos did the deed? You can’t drag a Cheeto into Judge Judy’s courtroom. And even if you could, you’d be unlikely to get a conviction without grainy CCTV video of that puffed piece of cheese-coated cornmeal taking a machete to the victim’s heart. And you can forget about the other Cheetos in the bag incriminating their friend. Cheetos don’t snitch.

			Processed food legal proceedings notwithstanding, there must be answers to these questions out there somewhere. Processed foods either do or don’t increase your risk of cancer. They either do or don’t increase your risk of a heart attack. They either are or are not bad for you. If you’re thinking: I already know they’re bad for me, because when I eat them, I feel like crap, I hear ya. I’m all for listening to your body, and that’s a valuable data point for your everyday life. But you could just be experiencing a nocebo effect, which is like the placebo effect for bad stuff: if you expect something to feel like crap, it will. Even if it’s not all in your head, feeling like crap doesn’t give you the kind of information you need to make long-term decisions. There are lots of things that make you feel like crap that don’t affect your long-term risk of death or disease, like the common cold or calling your cable company. And there are things that feel great that dramatically affect your long-term risk of death or disease, like smoking cigarettes.

			For long-term decisions, you’d like to know:

			
					
					How much processed food exactly is bad for you?

				

					
					Does doubling your Cheeto consumption double your risk? Or do you have to eat a threshold number of Cheetos before anything bad happens?

				

					
					How much life does every additional Cheeto suck from your body?

				

					
					How bad is bad? How many years of life can you expect to give up in return for your processed-food habit?

				

			

			I thought the answers to these questions just existed out there in the ether, and all I had to do was Google them. Turns out, they do—sort of. And I found them—sort of. But I also found a lot more. What I learned changed the way I look at food . . . but not how I expected. It wasn’t like changing your mind from one extreme to the other. I didn’t stop seeing Satan in the soggy crumbs of milk-soaked Oreos and instead start hearing choirs of castrated Chester Cheetahs in angelic harmony. It wasn’t like that at all. It was as if another dimension had been added to my existence.

			We’re going to start exactly where I did: with processed food. In Part I, we’re going to worry ourselves sick about it, and we’ll talk about why it even exists in the first place. In Part II, we’ll look beyond processed food at some of the chemicals we expose ourselves to on a daily basis—from Cheetos to sunscreen to cigarettes. In Part III, we’ll come back to all the terrifying numbers you’re about to read in this chapter and we’ll ask: How does science come up with these numbers? Finally, we’ll try to figure out what all this means for you.

			Without further ado, let’s start at the beginning. To figure out if processed food is bad for you, we have to define processed food. Why? Think of the following (totally hypothetical) experiment to test whether processed food affects blood pressure:

			
					
					You lock one hundred people in a room.

				

					
					You feed half of them a diet chock-full of processed food and the other half no processed food.

				

					
					You measure their blood pressure over the next ten days.

				

			

			To do this experiment, everyone has to agree on what processed food is, because . . . someone has to actually go shopping and buy all the processed food that your human guinea pigs are going to eat.

			Sounds pretty obvious, right? But if the definition of “processed food” isn’t crystal clear, then the result of the experiment won’t be, either. Imagine if the person doing the shopping was told to buy all foods that were sold in a wrapper. Seems pretty straightforward. But that person could buy fancy gold-foil-wrapped pears or Twix, plain oatmeal or Lucky Charms, a freshly baked baguette or Pepperidge Farm Raisin Cinnamon Swirl bread. If the definition of the thing you’re testing isn’t clear, your results could be all over the map:
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			In other words, a complete clusterwhoops. So, to scientifically test whether processed food is going to send you to an early grave, we first have to define “processed food.”

			Okay. Easy—like sorting at Hogwarts, right?

			
				Jam → not processed (GRYFFINDOR!)

				Oreos → processed (SLYTHERIN)

				Tortillas → GRYFFINDOR!

				Cheetos → SLYTHERIN

				Olives → GRYFFINDOR!

				Starburst → SLYTHERIN

			

			Though it pains me to say it, the Hogwarts method is unscientific. All the foods above—whether Gryffindor or Slytherin—are processed in some way. So essentially what we’ve just done is sorted these foods based on how good or bad we feel about them. But dumping all the foods above into the “processed” bucket doesn’t seem right, either. For one thing, “processed” feels like a meaningless category if it’s wide enough to hold both “jam” and “Cheeto.” For another, the list of “not processed” foods would be way too short—basically raw meat and veggies.

			It just feels like there should be something fundamentally different about processed and unprocessed foods, kind of like it feels like there should be something fundamentally different about the classic kids’ tale Harry Potter and the Sorcerer’s Stone and the freely-available-on-Pornhub Hairy Smallballer and the Failure to Bone,* even though both movies are about Harry and Hermione never having sex.

			One popular definition of “processed food” is based on how complicated the food seems. This boils down to two things: how many ingredients it has and how pronounceable these ingredients are. Chemists tend to dismiss this definition as nonsensical foolishness, but I think it’s worth spending a little time here. First of all, credit where it’s due: this definition is clear and simple. But it’s not great if you’re trying to do any science on processed foods. Why? Imagine if you came up with a “processed-food index” (PFI) based on these two metrics. Something like this:

			
				
					
					
					
					
					
				
				
					
							
							PFI

						
							
							=

						
							
							NUMBER OF

							INGREDIENTS

						
							
							+

						
							
							NUMBER OF SYLLABLES IN THE NAMES OF ALL THE INGREDIENTS

						
					

				
			

			Here’s the PFI for Skittles:

			
				
					
					
				
				
					
							
							INGREDIENTS

						
							
							SYLLABLES

						
					

				
				
					
							
							SUGAR

						
							
							2

						
					

					
							
							CORN SYRUP

						
							
							3

						
					

					
							
							HYDROGENATED PALM KERNEL OIL

						
							
							9

						
					

					
							
							CITRIC ACID

						
							
							4

						
					

					
							
							TAPIOCA DEXTRIN

						
							
							6

						
					

					
							
							MODIFIED CORN STARCH

						
							
							5

						
					

					
							
							NATURAL AND ARTIFICIAL FLAVORS

						
							
							10

						
					

					
							
							RED 40 LAKE

						
							
							4

						
					

					
							
							TITANIUM DIOXIDE

						
							
							7

						
					

					
							
							RED 40

						
							
							3

						
					

					
							
							YELLOW 5 LAKE

						
							
							4

						
					

					
							
							YELLOW 5

						
							
							3

						
					

					
							
							YELLOW 6 LAKE

						
							
							4

						
					

					
							
							YELLOW 6

						
							
							3

						
					

					
							
							BLUE 2 LAKE

						
							
							3

						
					

					
							
							BLUE 1

						
							
							2

						
					

					
							
							BLUE 1 LAKE

						
							
							3

						
					

					
							
							SODIUM CITRATE

						
							
							5

						
					

					
							
							CARNAUBA WAX

						
							
							4

						
					

				
			

			PFI = 19 INGREDIENTS + 84 SYLLABLES = 103

			Here’s the PFI for Smarties:

			PFI = 9 + 34 = 43

			Here’s the PFI for coffee:

			
				
					
					
					
					
					
				
				
					
							
							PFI

						
							
							=

						
							
							ROUGHLY 1,000* + ROUGHLY 4,000

						
							
							=

						
							
							ROUGHLY 5,000

						
					

				
			

			Intuitively, Skittles and Smarties are probably equally processed, but according to the PFI, Skittles are 2.4 times as processed. Coffee, which is roasted and then extracted with hot water (relatively simple processing) is, according to the PFI, 49 times as processed as Skittles and 116 times as processed as Smarties.

			The problem is that the PFI doesn’t actually measure processing; it measures how the FDA regulates ingredient labels and how chemists name molecules. For example, enriched flour contains a molecule that goes by three different names:

			
				riboflavin

				vitamin B2

				7,8-dimethyl-10-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]benzo[g]pteridine-2,4-dione

			

			All three names refer to the identical molecule, but they would yield wildly different PFIs. That problem gets even worse with more complicated mixtures of molecules, like coffee. It doesn’t have an ingredient label at all, so what should you use to calculate the PFI? “Coffee” (PFI = 3), “Coffea arabica” (PFI = 6), or, as I chose to do above, a list of all the chemicals we currently know to be in a cup of coffee (PFI = 5,000)? Depending on what you choose, coffee appears to be either one-thirtieth as processed or 49 times as processed as Skittles.

			So some sort of intuitive “ingredient complexity” scale might be fine for quick comparisons in the grocery store, but it won’t do for science.

			Coming up with a reasonable food processing index that will work in scientific experiments is hard. Carlos Monteiro, a nutritionist and researcher in public health, has, along with his team, proposed a system called the NOVA food classification system. NOVA classifies foods based on the “nature, extent, and purpose” of food processing. In other words: How was the food processed, how much was it processed, and why was it processed? Instead of a numerical scale or two simple buckets—processed or not—the NOVA system has four, ranging from “unprocessed or minimally processed foods” all the way up to “ultra-processed foods.” Here are some examples of what might go in each bucket:

			
				GROUP 1:

				Edible plants, animals, or parts of plants and animals, and any of these when processed to preserve them in their (mostly) original form. Monteiro puts foods like milk, dried fruit, rice, plain yogurt, and coffee in this group.

				GROUP 2:

				Stuff that you would use as an ingredient but not eat by itself. For example, butter, sugar, salt, and maple syrup.

				GROUP 3:

				Foods made by adding group 2 foods to group 1 foods. Ham would fall into this category, as would jams and jellies, canned tuna in oil, and fresh breads.

				GROUP 4:

				Sodas, ice cream, chocolate, instant anything, baby formula, energy drinks, most breakfast cereals, candy, packaged breads, and lots of other stuff . . . including Cheetos.

			

			This seems pretty intuitive, but before we get any further, it’s worth noting that the NOVA system is a drastic departure from the way food is currently studied. Most nutrition research today focuses on what’s in the food. NOVA focuses mostly on what was done to the food. The easiest way to see this is by looking at some nutrition facts.
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			From the perspective of what’s in them, the two foods above are about as different as they could possibly be. Food A has more than twice the carbs, 3 times the fiber, and 37 times as much fat as food B (oh, and lest we forget, 7 times the calories). And yet these foods are both in NOVA group 1. (Food A is avocado, food B is spinach.)

			Here’s another example:
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			The foods above both have roughly the same number of calories, fiber, sugars, and fats; but food C is NOVA group 2, and food D is NOVA group 4. Guess what each one is.*

			NOVA’s emphasis on what was done to a food rather than what’s in a food is not accidental. It’s based on the theory that what is done to foods is “the most important factor . . . when considering food, nutrition and public health,” as Monteiro puts it. Bold strategy, Cotton, but it appears to be paying off for him: the World Health Organization, the Pan American Health Organization, and the Food and Agriculture Organization of the United Nations have leaned into the NOVA system pretty hard.

			Group 4 is the heart of the NOVA system. These foods are what Monteiro calls “ultra-processed foods” or “ultra-processed foods and drinks,” and they’re defined as “not modified foods but formulations made mostly or entirely from substances derived from foods and additives, with little if any intact Group 1 food.” Ultra-processed foods include additives that aren’t found in other foods, including flavorings, dyes, and this delicious-sounding list of stuff: “carbonating, firming, bulking and anti-bulking, de-foaming, anti-caking and glazing agents, emulsifiers, sequestrants and humectants.” But the definition goes beyond what’s added to the food: Ultra-processed foods, according to Monteiro, are produced in industrial processes and designed to be inexpensive and convenient. Finally, they are “packaged attractively and marketed intensively.”

			You probably haven’t heard it phrased quite like this, but this is a description of what you intuitively recognize as “processed food”: absurdly cheap, ridiculously convenient, universally delicious, and barely recognizable as food. The NOVA classification is, in essence, a reasonably systematic way of telling whether you’re watching Sorcerer’s Stone or Failure to Bone.

			Let’s review the research done using the NOVA classification.
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			I was very surprised when I realized just how much of our diet is made up of ultra-processed foods. In the U.S., over 58 percent of our calories come from ultra-processed foods. More than half! Canada is not much better at 48 percent; France is holier-than-thou (as per usual) at 36 percent. The U.S. is bad compared to France, but we’re ahead of Spain (61 percent), and we look like health nuts compared with Germany and the Netherlands at 78 percent! Some of these numbers are so high, they set off my bullshit radar. But on the other hand, these percentages are all based on calorie intake, and ultra-processed foods are usually calorie dense. If, for example, all you ate on a given day was a two-liter bottle of Coke and fourteen cups of raw spinach, you would have gotten 90 percent of your calories from ultra-processed foods that day. Or if you happen to pull through a Sonic drive-through and order the (very tempting) large Oreo peanut butter shake, you would have to eat two whole sticks of butter or 232 cups of spinach to get your ultra-processed food intake down to 51 percent.*

			So we’re clearly eating a lot of ultra-processed food. But is it killing us? And if so, how? Ultra-processed food could be killing us in a variety of ways: there could be too many chemicals that are toxic to us, there could be not enough chemicals that are good for us, or ultra-processed food could simply be making us obese, and that could be killing us.

			So one important question is: Does processed food actually make you obese? The hypothesis goes like this: Over the past two hundred years, there has been an incredible increase in the availability of ultra-processed foods, which are extremely calorie dense, cheap, and very convenient. They’re also designed to be addictive, so you eat more—specifically, more sugar and fat, and less fiber and micronutrients. Over time, this makes you more overweight or obese, which increases your risk for basically every disease, but especially diabetes, heart disease, and cancer. Transnational food conglomerates don’t seem to care, because they’re basically just following the tobacco industry’s playbook: they’re happy to rake in the cash now and kill people later.

			We already know some parts of this hypothesis are true. For example, ultra-processed foods as Monteiro defines them were invented extremely recently in human history. Coke, Dr Pepper, Hershey’s, Wrigley’s, Post cereal, Cracker Jack, Breyer’s, Cadbury’s, Entenmann’s, Pepsi, Jell-O, and Tootsie Rolls were all founded or invented in the thirty-year period between 1877 and 1907. And we are definitely eating more of these foods as time goes on: even if you don’t trust the food survey numbers above, the fact that every single one of us knows what a Starburst is shows how prevalent ultra-processed foods are. And obesity really is getting worse. In the U.S., there are more than twice as many obese people as people who smoke, and this number has been steadily and reliably increasing for years despite the best efforts of every “health” magazine on the planet.

			Here’s where it’s tempting to jump to conclusions. We have before us two propositions: America is getting fatter, and America is eating boatloads more ultra-processed foods than before. Sticking a “because” in between those two propositions would be the easiest thing in the world. But there have been lots of other changes in American society: Office jobs mostly involve sitting on our asses all day; we are more financially and mentally stressed than before; we have invented entirely new ways to feel self-conscious, depressed, and jealous of our friends, thanks to phones and antisocial media; and you can probably think of fourteen other factors in your life that would cause you to down an entire party-size bag of Cheetos in one sitting. Some of the scientists I interviewed suggested that a small part of the obesity epidemic could be explained by people quitting smoking, because nicotine is an appetite suppressant. One even thought that the layouts of houses might play a role: in newer houses, the kitchen—with all its food—is the heart of the home, so it’s easier to satisfy food cravings. Oh, and let’s not forget our genes. For almost all of human history, food was incredibly scarce, so we evolved to hoard excess calories. Now that excess calories are everywhere, everyone is hoarding them—also known as “getting fat.”

			It’s possible that all these things are equally to blame; it’s also possible that ultra-processed foods are the main contributor and all the other factors are just icing on the Cheeto.

			If you wanted to try and figure out whether ultra-processed food makes you obese, you might do something like this:

			
					
					Find a huge group of, say, 20,000 people willing to sign over their entire lives to you.

				

					
					Find two uninhabited identical islands about two hundred miles apart and build identical hotels on each.

				

					
					Split the 20,000 people into two groups of 10,000 each and lock each group in its own Hotel California.

				

					
					Feed one group a diet high in ultra-processed foods and the other a diet low in ultra-processed foods for a few decades.

				

					
					Record what happens.

				

					
					Critically, both groups would never be allowed to leave, swim to the other island, or receive food from family or friends back home.

				

			

			This type of experiment, where you require groups of people to do different things, is called a randomized controlled trial. At the end of the trial, you compare the risk of becoming obese in the high ultra-processed-food group vs. the low ultra-processed-food group. Divide one risk by the other and you get something called the relative risk. If you’ve ever been on the Internet, you’ve seen relative risks before. This is from an NPR story I found by simply Googling “egg risk”: “If you consumed two eggs per day, there was a 27 percent increased risk of developing heart disease, says researcher . . .” (Don’t worry, we’ll come back to whether you should eat eggs.)

			Most relative risks that have to do with food, including the egg risk, do not come from randomized controlled trials. Instead they come from experiments in which you recruit a bunch of people and check in with them regularly for years, but you don’t require them to change their diet or behavior in any way. This type of experiment is called a prospective cohort study. At the end of one of these studies, you categorize people by how much ultra-processed food they ate. Then, just like in a randomized controlled trial, you compare the risk of becoming obese in the low ultra-processed-food category vs. the high ultra-processed-food category. Divide those two numbers and you get the relative risk.

			A relative risk has the same meaning whether it comes from a randomized controlled trial or a prospective cohort study: it gives you an indication of how screwed you are relative to someone else. If your neighbor’s risk of getting mauled by a mountain lion is 25 percent and yours is 40 percent, then your relative risk vs. your neighbor’s is 40/25 = 1.6, which means:

			You’re 1.6 times as screwed as your neighbor.

			You’re 160 percent as screwed as your neighbor.

			You’re 60 percent more screwed than your neighbor.

			These are three ways of saying the same thing: when it comes to mountain lions, it’s better to be your neighbor than you. Most relative risks have nothing to do with mountain lions and everything to do with your health. Let’s look at a few, specifically some that deal with ultra-processed food.

			Carlos Monteiro’s NOVA classification system is fairly new, so there aren’t that many studies that use it. There has been only one prospective study testing the link between ultra-processed foods and obesity: an 8,000-person trial in Spain with about nine years of follow-up. The authors found that people who ate about 4 times as much ultra-processed food had a 26 percent higher risk of becoming overweight or obese over the course of nine years.

			What about other outcomes?

			Researchers in France recruited over 100,000 people and followed them for an average of five years, diagnosing cases of cancer as they came up. They found that people who consumed, on average, about 4 times as much ultra-processed food had a roughly 23 percent higher risk of developing any cancer. Using this same data set of French folk, another set of researchers found that people who ate more than twice as much ultra-processed food had a roughly 25 percent higher risk of developing irritable bowel syndrome. Going back to the data set in Spain, researchers found that people who ate more than 2.5 times as much ultra-processed food had a roughly 21 percent higher risk of developing high blood pressure over nine years. And now, for the putrid cherry on this sundae of despair: using the French data set, the same group of researchers who found a higher risk of IBS also found that people who ate 10 percent more ultra-processed food had a 14 percent higher risk of death.

			I will readily admit that I was somewhat surprised by these results. Not gonna lie: I kinda freaked out a little bit. A 23 percent higher risk of developing cancer? A 25 percent higher risk of IBS? A 26 percent higher risk of becoming obese? A 14 percent higher risk of death? How is this crap even legal!?

			Okay, I freaked out a lot.
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			I freaked out for two reasons: First, those numbers are legit terrifying; second, I was trained as a chemist.

			That second thing seems like a not very good reason to be freaked out, but let me explain. Imagine that you have two balloons in front of you, each full of pure cyanide gas. One balloon contains cyanide harvested from hand-selected seeds from apples growing naturally in organic orchards in Massachusetts. (Yes, there’s cyanide in apple seeds. More on that soon.) The other balloon contains cyanide produced in the Andrussow process, in which methane and ammonia are burned in oxygen at over 2,000°F (1,093°C) in the presence of platinum. Which balloon is safer to inhale?

			Neither, of course. Both will kill you. To a chemist, this is an axiom of biblical proportions: if two molecules have the same chemical structure, they will do the same thing to your body. Cyanide produced by apples and cyanide produced by man are both cyanide. Now, switch out the word “cyanide” for “pound cake” and you have an axiom that is slightly less biblical but still makes perfect sense to a chemist: a pound cake baked in Ina Garten’s kitchen and a pound cake produced in a factory are both pound cakes. So the notion that they would have wildly different effects on your health just doesn’t feel right to a chemist, even if the factory version has a few additives. But this is exactly Monteiro’s argument: that what is done to a food is more important than what the food is. To a chemist, this is like saying “Natural cyanide is less toxic than industrial cyanide,” which of course makes no sense. But to most nonscientists, Monteiro’s argument is powerful, intuitive, and obvious. And this difference in perspective almost always produces the same conversation. Whenever a hard-core chemist and a regular human talk about food, the result is something like this:

			“THE CONVERSATION” FROM A CHEMIST’S POINT OF VIEW

			
				HIPPIE

				I buy only organic, all natural, raw, unprocessed foods.

				CHEMIST

				Those words don’t mean anything.

				HIPPIE

				Yes they do! It means my food isn’t loaded up with chemicals.

				CHEMIST

				That’s not really a reasonable indictment of foods, since every food is chemical. In fact, did you know that everything on planet Earth is made of chemicals, including you?

				HIPPIE

				My body is a temple.

				CHEMIST

				Your body is a large, mostly empty space into which only priests are allowed?

				HIPPIE

				I just think natural food is healthier, that’s all.

				CHEMIST

			

			(Face-palms so hard that nose breaks.)

			And here it is again, this time from the regular human’s point of view:

			“THE CONVERSATION” FROM A NON-CHEMIST’S POINT OF VIEW

			
				CONCERNED CONSUMER

				I want to choose healthy foods, but it’s hard to do all the research and know whom to trust. So I buy organic and natural stuff, ’cause that feels better, and maybe it’s a bit healthier.

				PRO-GMO PHARMA BRO

				You’re falling for a dumb marketing trick.

				CONCERNED CONSUMER

				But what about all the chemicals they’re adding to foods? I have no idea what that stuff is . . .

				PRO-GMO PHARMA BRO

				ALL FOOD IS MADE OF LITERALLY NOTHING BUT CHEMICALS. YOU ARE 100 PERCENT CHEMICALS. THE WORLD AROUND YOU IS 100 PERCENT CHEMICALS. EVERYTHING THAT EVER WAS OR WILL BE IS A CHEMICAL!

				CONCERNED CONSUMER

				There’s really no need to yell.

				PRO-GMO PHARMA BRO

				DO NOT QUESTION ME, PEASANT.

				CONCERNED CONSUMER

				Just let me buy my all-natural, organic, no additives, no hormones, unprocessed groceries. Oh, and fuck off.

				PRO-GMO PHARMA BRO

			

			(Punches self in face for no apparent reason.)

			Here’s the conversation again, this time boiled down to its essence:

			Hippie: Chemicals are bad.

			Pharma Bro: Everything is chemicals.

			Both of these arguments are absurd.

			To the hippie, I would say: Really, all chemicals are bad? Including water, air, and all food?

			To the pharma bro, I would say: Do you not speak English? The hippie obviously means Chemicals on ingredient labels that I can’t pronounce and don’t recognize are bad. So instead of picking a pedantic fight over the literal definition of the word “chemical,” try responding to the hippie’s actual concern: some chemicals are bad for your health, and it’s hard to know which ones.

			I used to be solidly in the “Everything is a chemical, doofus” camp. But when I read the studies claiming double-digit percentage increases in risks of getting a variety of diseases caused by the way a food was processed, for the first time in my life I thought: Hell, maybe the hippies are right. This research was a direct challenge to everything I thought I knew. Could ultra-processed bread sold in plastic bags really and truly be worse for you than the bread baked in the store? What about those frozen lemonade cylinders: Were those really and truly worse for you than squeezing a couple lemons into three cups of sugar? And what about Cheetos?

			The ones you buy in the store are made by forcing cornmeal through a corkscrew that generates so much friction that it boils the water in the cornmeal, which, as it expands, creates a random assortment of air pockets and the characteristic Cheeto puff shape. But as alien as this process seems, you can make pretty decent imitation Cheetos from the convenience of your very own kitchen. As part of the research for this book, I talked with food historian Ken Albala, who had coincidentally made fake Cheetos the day before. His improvised recipe went like this:

			
					
					Cook some rice noodles.

				

					
					Dry them in a dehydrator (basically a super–low-temperature oven with air vents designed to evaporate most of the water out of food).

				

					
					Spray the dry noodles with oil spray.

				

					
					Microwave them until they puff up.

				

					
					Sprinkle with spicy powder of your choice, e.g., sriracha.

				

					
					Et voilà! Sorta-Kinda-Flamin’-Hot Cheetos.

				

			

			The good folks over at Bon Appétit developed a very involved recipe that more faithfully replicates the Cheeto experience; you can watch it on the interwebs. Whether you eat Ken Albala’s improvised Cheetos or Claire Saffitz’s gourmet Cheetos, or just go buy a bag of real Cheetos, you’re still eating a bunch of carbs with some flavors and spices. So my gut reaction as a chemist to the idea that factory-made Cheetos are worse for you than homemade/natural/organic Cheetos is: No.

			And yet that idea is exactly what my quick scan of the data seemed to suggest: people who ate more ultra-processed food were in poorer health and had a higher risk of death.

			Well, damn.

			So . . . who’s right?
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			Before we dive in, let’s pause and acknowledge that you’re not just interested in the health effects of ultra-processed foods. You care about all the foods! Should I eat processed food? is just the tip of the question iceberg. The real question is: What should I eat?

			Before we get to THE ANSWER, know this: whatever THE ANSWER may be, there are a small number of very loud people who passionately believe that they know it. (Does “Eat food, not too much, mostly plants” sound familiar?) Depending on the food (or sunscreen, or makeup, or cleaning product), there can be almost universal agreement or visceral, holy-war levels of disagreement. Nowhere is this more prominently displayed than in what we call a “diet.” There are a ridiculous number of diets available to try, and new ones pop up all the time. But when you take out all the window dressing, diets are really just two lists: a good list and a bad list; a list of foods you should eat, and a list of foods you shouldn’t. That’s it. This deceptively simple two-list structure nevertheless results in an overwhelming variety of programs to choose from. Recent diet books include:

			
				The Paleo Diet

				The Flex Diet

				The Simple Diet

				The 3-Season Diet

				The Easy-Does-It Diet

				The Aquavore Diet

				The Peanut Butter Diet

				The Supermarket Diet

				The Good Fat Diet

				The Belly Melt Diet

				The 5-Bite Diet

				The Dakota Diet

				The Scripture Diet

				The Uncle Sam Diet

				The Plateau-proof Diet

				The 4 Day Diet

				The 17 Day Diet

				The Alternate-Day Diet

				The 20/20 Diet

				The No-Time-to-Lose Diet

				The Thermogenic Diet

				The G.I. Diet

				The Good Mood Diet

				The Salt Solution Diet

				The Nordic Diet

				The Thin Commandments Diet

				The Great American Detox Diet

				The Better Sex Diet

				The Sleep Diet

				The Couch Potato Diet

				The Self-Compassion Diet

				The No S Diet

				The Lemon Juice Diet

				The Baby Fat Diet

				The Yoga Body Diet

				The Four-Star Diet

				The Warrior Diet

				No-Fad Diet*

				The Martini Diet

			

			and of course

			
				The Diet to End All Diets: Losing Weight God’s Way

			

			Diet books are like names of British pubs: mostly random and nonsensical, but, man, do they sound good! And the similarities don’t end there. There are some diet books that are just as old as British pubs. For example, here are two books, one published in 1870 and the other published in 2018. Guess which is which:

			
				BOOK A:

				THE DISCOVERIES AND UNPARALLELED EXPERIENCE OF PROF. R. LEONIDAS HAMILTON, M.D., WITH REGARD TO THE NATURE AND TREATMENT OF Diseases of the Liver, Lungs, Blood, AND Other Chronic Diseases; CONTAINING, ALSO, A Biographical Sketch of His Life, (From Harper’s Magazine): WITH HIS Common Sense Theory of Diseases AND THE Evidence of his Wonderful Cures.

				BOOK B:

				Medical Medium Liver Rescue: Answers to Eczema, Psoriasis, Diabetes, Strep, Acne, Gout, Bloating, Gallstones, Adrenal Stress, Fatigue, Fatty Liver, Weight Issues, SIBO & Autoimmune Disease.

			

			Book A is the old one; all those CAPITAL LETTERS give it away. And by the way, our modern obsession with “natural” is not modern. Here’s a book title from 1889: THE PERFECT WAY IN DIET: A TREATISE ADVOCATING A RETURN TO THE NATURAL AND ANCIENT FOOD OF OUR RACE.

			Yikes.

			Wine drinkers will enjoy this classic from 1724: The JUICE of the GRAPE: or, WINE preferable to WATER. A TREATISE, WHEREIN WINE is shewn to be the Grand Preserver of Health, and Restorer in Most DISEASES. With many Instances of Cures perform’d by this Noble Remedy; and the Method of using it, as well for Prevention as Cure. With a Word of Advice to the Vintners.

			Lest teetotalers feel left out, we also have, from 1779, A TREATISE ON THE USE AND ABUSE OF MINERAL WATERS. WITH RULES for DRINKING the WATERS; AND A PLAN of DIET for INVALIDS LABOURING UNDER CHRONIC COMPLAINTS.

			In 1916, Eugene Christian wrote a five-volume (!) diet book: ENCYCLOPEDIA OF DIET: A TREATISE ON THE FOOD QUESTION IN FIVE VOLUMES EXPLAINING, IN PLAIN LANGUAGE, THE CHEMISTRY OF FOOD AND THE CHEMISTRY OF THE HUMAN BODY, TOGETHER WITH THE ART OF UNITING THESE TWO BRANCHES OF SCIENCE IN THE PROCESS OF EATING SO AS TO ESTABLISH NORMAL DIGESTION AND ASSIMILATION OF FOOD AND NORMAL ELIMINATION OF WASTE, THEREBY REMOVING THE CAUSES OF STOMACH, INTESTINAL, AND ALL OTHER DIGESTIVE DISORDERS.

			Dieting and health is one of the most resilient book genres of all time. Once Gutenberg finished printing the first run of the Bible, he started on diet books and hasn’t stopped since. And of course the fun is not limited to books. There is also the Internet, where people will tell you to empty a turkey baster full of coffee into your butt (room temperature, please!) or drink your own pee. When it comes to food and health, there is an overwhelming tsunami of information that started at least three hundred years ago and hasn’t stopped since. In short: Googling diets or health usually leaves you confused, worried, and 7 percent more likely to stick pus up your nose.

			So, on the one hand, the numbers on ultra-processed food are pretty scary. On the other hand, we’ve been glorifying and vilifying different classes and categories of food for hundreds of years. Who’s to say this whole ultra-processed food thing isn’t the latest fad? On the third hand, it seems powerfully intuitive that the further a food is from nature, the worse it is for you.

			Over the rest of Part I, we’re going to take a wandering but ultimately purposeful path toward clarity. First we’ll look at the chemical reaction that generates every ounce of food on this planet. Then we’ll consider three important reasons our ancestors processed food.

			Reason 1: to avoid an immediate and painful death.

			Reason 2: to avoid a slower but no less painful death.

			Reason 3: just for fun.

			But before we get to death and fun, let’s start where all food starts: with the most important chemical reaction on earth.

		

	
		
			CHAPTER TWO

			PLANTS ARE TRYING TO KILL YOU
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			This chapter is about carbon dioxide, pooping, plumbing, the Energizer Bunny, condoms, poisonous potatoes, and NASA ice cream.

			Long before humans started taking down big game and cooking the kill with fire, we relied mostly on plants for food. And we weren’t alone: every animal on Earth either ate plants or animals that ate plants; or ate animals that ate animals that ate plants; or ate animals that ate animals that ate animals that ate plants; or ate animals that . . .

			You get the picture.

			Plants are basically magic: they build themselves out of air and soil using energy from the sun. They literally feed the whole planet, either directly or indirectly. What’s their secret? You’ve heard the answer before; you probably learned it in high school: photosynthesis. And you may have seen the chemical reaction:

			
				
					
					
					
					
					
				
				
					
							
							6CO2 (GAS)

						
							
							+

						
							
							6H2O (LIQUID)

						
							
							→

						
							
							C6H12O6  (IN SOLUTION)

						
							
							+

						
							
							6O2  (GAS)

						
					

				
			

			Or, if pictures are your jam:
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			(By the way, if you’ve ever googled a chemical, you’ve probably come across structures like the ones above. They’re a chemical shorthand. Each letter corresponds to an atom. C = carbon; O = oxygen; H = hydrogen. Lines represent chemical bonds: in this case, electrons shared between atoms. Wherever two or more lines intersect, there’s a carbon atom; it’s not drawn explicitly, but it’s there. Why don’t chemists just draw out every single carbon? In large molecules, it would take forever.)

			Here’s the explanation of photosynthesis you got in high school:

			Plants use light energy from the sun to convert six molecules of carbon dioxide and six molecules of water into a molecule of glucose and six molecules of oxygen.

			I fell asleep so fast my head hit the desk hard enough to wake me up again. Let’s break this down:

			Plants use light energy from the sun . . .

			Humans invented solar panels in the 1950s. Plants invented them 500 million years ago. Because, yes, plant leaves* are basically mini solar panels. Plants figured out a way to build tiny molecular machines that change their shape and behavior in response to being hit by a single photon of light, and harness that energy to make sugar.

			Okay, next: . . . to convert six molecules of carbon dioxide . . .

			From our perspective, the atmosphere has way too much carbon dioxide in it. (Hello, climate change!) But from a plant’s perspective, it has way too little. At sea level, air is about 0.04 percent carbon dioxide. What this means is that if you took a random group of 10,000 air molecules, only about four of them would be carbon dioxide. The rest—9,996 of them—would be . . . not carbon dioxide, and therefore absolutely useless for photosynthesis. So plants have somehow managed to extract—from this veritable ocean of mostly useless crap—the four molecules out of every 10,000 that they need.

			Let’s keep going: . . . and six molecules of water . . .

			We all need that sweet, sweet water.

			Almost there: . . . into a molecule of glucose . . .

			The glucose plants make is used in all kinds of ways: It’s burned for energy in the same way we humans burn glucose for energy; it’s made into sucrose (exactly the same as the sugar in your pantry); it’s turned into starch and stored for the winter; it’s turned into cellulose, which is used to build the plant . . . and the list goes on. It’s basically the Swiss Army knife of the plant world.

			And last but not least: . . . and six molecules of oxygen.

			For every molecule of glucose the plants make, six molecules of oxygen are formed. The plant then has to shove those oxygens out into the atmosphere, a place where 2,096 out of every 10,000 molecules are already oxygen. Some oxygen is used to break down sugars for energy, but most of it is ejected into the atmosphere. Oxygen is basically photosynthesis exhaust.

			All in all, plants use the sun’s energy and water to break apart molecules of carbon dioxide and string the carbon atoms together, thus forming chemically stable, water-soluble, ring-shaped energy storage molecules. You know these rings as “sugar.” Sugar can be burned for energy immediately, used as a building material, or linked together in chains thousands of units long, to be stored for later use.

			Sugar is produced in the leaves, but because it’s so important, every other part of the plant also needs it. So it has to travel from the leaves to lots of other places in the plant. In the herbs that are growing in your kitchen, that trip may be only a few inches long. In the tallest trees, it could be hundreds of feet. So how does sugar get from one end of the plant to the other?
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			Before we get to the how, we have to talk about the how much. The simple answer is: a lot. An oak tree can make 25 kilograms of glucose every single day. That’s the weight of a small child or a female golden retriever. Much of this sugar is transported elsewhere: flowers, fruits, stems, stalks, trunk, and roots.

			We humans have a pretty cool circulatory system: we have one powerful central pump (the heart) that pushes a thick liquid dense with living cells (blood) through big arteries, medium-size arteries, and tiny capillaries. Plants have none of that. And yet even the tallest tree in the world, Hyperion in California, somehow manages to move sugar from the tip of its tallest leaf 380 vertical feet above the ground to the tip of its farthest root, which could be as far as 100 feet from the trunk. How? Phloem. You probably learned about phloem in school:

			The xylem transports water from the roots up to the rest of the plant and the phloem transports sugar from the leaves to everywhere else.

			Phloem is a complicated tissue, but the key components are called sieve tubes. Sieve tubes are basically pipes. Except they’re not made of copper like the artisanally crafted taps in Pinterest bathrooms; they’re made of living cells. Single living cells, laid end-to-end like sections of an oil pipeline; the joints are shot through with holes, like the sieve in your kitchen. Each section, called a sieve element, is only a few hundred millionths of a meter long. In leaves, sieve elements are roughly 10 millionths of a meter wide.* Imagine the amount of sucking (or blowing) power required to pull (or push) a sugar solution through a straw that’s only 10 millionths of a meter wide but hundreds of feet long. And yet plants do it every day of the week. How?

			Photosynthesis. Unlike you and me, photosynthesis is incredibly productive. Under optimal conditions, some plants can photosynthesize a molecule of glucose using just 60 photons of light. (For reference, about 300,000,000,000,000 photons hit your eye every second when you look up at an empty patch of blue sky on a sunny day.) Even under average conditions, a plant can make about 800 milligrams of sugar per medium-size leaf per day. This sugar is continuously loaded into the sieve tubes in the leaves, and as you might know, the more stuff you try to cram into a limited space, the more pressure builds up in that space. Luckily that sugar has somewhere to go to relieve the pressure: the rest of the plant. Except the pressure is never really relieved, because photosynthesis keeps happening in the leaves, and more and more sugar gets made there, which pushes it into the sieve tube, which pushes the rest of the contents of the sieve tube out to the rest of the plant.*

			So you can think of photosynthesis as kind of like a pump, but not a mechanical pump that works by compressing things—a chemical pump that works by making more and more sugar until it just has to go somewhere, and that somewhere is out the end of the sieve tube.

			But don’t let the fact that this pump system isn’t mechanical fool you. The pressures generated are . . . well, when you go to the doctor and they measure your blood pressure, if you’re healthy (and somewhat lucky), it’ll be in the range of 2 pounds per square inch (psi). A car tire is pressurized at about 32 psi, or roughly 15 times higher than your blood. Plants—which, remember, have no centralized pumps—can pressurize their sieve tubes to about 145 psi! To feel what that kind of pressure would be like, you would have to throw on some scuba gear and dive 100 meters below sea level. The force per square inch on your skin resulting from 328 feet (and 1 inch) of water pressing down on you from above is the same as the force per square inch within a teensy-tiny tube one-tenth the width of a human hair nestled deep within the plants that surround you every single day.

			So the next time you look at a tree—or even the herbs you forgot to water in your kitchen—take a moment to recognize that you are looking at the most technologically advanced plumbing system on Earth.

			Now let’s talk about what is
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