
[image: image]


[image: image]



Dedication

To Pearl, Flo and Milt, Bev and Bob:

Thanks for making Penny my soulmate!





Contents

Cover

Title Page

Dedication


Introduction: Bacterial Brain Washing

Chapter 1: Your Body Is a Rain Forest

Chapter 2: It Takes Two

Chapter 3: I Have a Crystal Ball—and It’s Your Gut Wall

Chapter 4: A Perfect Storm

Chapter 5: Hippocrates Was Right

Chapter 6: Leaky Gut = Leaky Brain

Chapter 7: Leaky Gut = Leaky Hormones

Chapter 8: Cigarettes, Meat, and Cheese: The Secrets of Longevity Are Not What You Think

Chapter 9: To Everything There Is a Season

Chapter 10: The Gut Check Eating Cycle

Chapter 11: The Plant Paradox 2.0

Chapter 12: The Gut Check Food Plan

Recipes

Condiments

Miso Caesar Dressing

Black Garlic Aioli

Savory Foods (Vegetarian)

Not-Quite-Classic Caesar Salad

Kimchi Carbonara with Sorghum or Sweet Potato Pasta

Kimchi Pancakes

Cabbage Slaw with Miso-Sesame Vinaigrette

Kraut and Avocado Breakfast Bowl

Pressure-Cooked Chickpeas and Tomatoes with Sauerkraut and Crispy Garlic

Miso-Glazed Turnips

Beet Salad with Miso and Black Garlic Dressing

Sauerkraut Fritters with Leafy Greens

Savory Foods (with Meat and Seafood)

Goat Milk Yogurt Marinated Curried Chicken Thighs with Basil Sauce

Cod and Kimchi Stew

Tuna Salad with Sesame Oil and Sauerkraut

Miso “Grain” Salad with Broccoli and Wild Shrimp

Miso Lamb Burgers with Mint Sauce

Goodies

Lacto-Fermented Overnight “Oats” (hemp + flax + millet)

Chocolate Goat Milk Yogurt Snack Cake with Pistachio Butter Drizzle

Spiced Frozen Goat Milk Yogurt

Fudgy Miso Brownies

Acknowledgments

Notes

Index

About the Author

Praise

Also by Dr. Steven R. Gundry

Copyright

About the Publisher






Introduction

Bacterial Brain Washing

What if I told you that free will is an illusion but that instead of a vast, mysterious universe out there controlling our fates, there is actually a vast, mysterious universe within us that we are on the verge of being able to comprehend? By the end of this book, I hope to convince you that this is true, teach you how this universe was designed to guide and support you, and empower you with the ability to restore this universe—which we have unknowingly decimated—to heal anything that currently ails you.

Have you ever seen the movie Men in Black? In one scene, there’s a little alien named Frank the Pug who tells the main characters that the galaxy they are looking for is here on Earth: “The galaxy is in Orion’s belt.” The humans are understandably confused. They assume that he is referring to the well-known constellation Orion, which, first of all, is not on Earth, and second, whose belt is made up of three stars. Galaxies have an estimated one hundred million stars. How could three measly stars contain an entire galaxy?

As Frank goes on to explain, “You humans! When are you going to learn that size doesn’t matter? Just because something’s important, doesn’t mean it’s not very, very small!”

Over the course of the film, the protagonists come to understand, as I have, that whole galaxies can exist in unexpected places. And that was exactly what the little Frank the Pug was trying to communicate. It turns out that an unfathomably vast galaxy of stars, solar systems, and planets filled with beings is actually hanging off the collar of a cat named Orion. Get it? Orion’s belt.

Those characters made the same mistake as humans everywhere. But instead of looking up at the stars, we’ve looked in all the wrong places for answers about our health and longevity. We’ve focused our search externally, assuming that the most important things are physically big and therefore must live outside us, whereas in reality the most significant, far-reaching contributors to our well-being and health are actually the smallest. And to find them, we must look inward.

The truth is that inside your digestive system lives a galaxy made up of trillions of bacteria belonging to at least ten thousand different species, plus an as-yet-undetermined number of viruses, fungi, and other microbes. This is your gut biome. You also have an oral biome with seven hundred species of bacteria and a skin biome with a thousand different species. As I’ve written before, all these living microscopic creatures collectively make up your holobiome. Among them, these microbes contain more than three million genes, whereas the human genome contains a mere twenty-three thousand.

Take a moment to consider just how vast this thing is. There are somewhat more than eight billion human beings on this planet. That means there are 12,500 times as many bacteria in your own gut as there are humans on Earth. If you prefer plants to humans, consider this: it was recently calculated that there are approximately three trillion trees on Earth.1 That’s more than seven times as many as experts previously believed, despite the billions that humans cut down each year. Even with that discovery, however, there are ninety-seven trillion more bacteria in your gut than there are trees on Earth.

When I was in medical school back in the Stone Age, we were taught that the human gut was basically a hollow tube. Food went in, digestion occurred, proteins, sugars, and fats were absorbed, and whatever waste was left over came out as feces. Now we know that our gut is akin to a teeming tropical rain forest with its own diverse ecosystem, communities, and multiple signaling devices, languages that single-celled organisms use to talk among themselves.

Quite startlingly, they also use these languages to tell your mind and body how to think, feel, and behave and how to maintain your skin, muscles, joints, organs, cells, and even the organelles within your cells to keep them healthy—or, conversely, to attack them with inflammation and disease. These billions of single-celled organisms manipulate and control us in unfathomable and downright shocking ways.

It’s been only six years since I wrote The Plant Paradox. I thought I knew a lot back then, and I’m pleased to say with the passage of time that I was on the right track. But in the time that has elapsed since the publication of that book, scientists have discovered a whole new world of information about the microbiome and the multiple languages its members use to interact with every part of our bodies, to communicate with one another, and, most important, to control the power plants in our cells, our mitochondria. Through these communication signals, they exert control over every aspect of our health, wellness, and longevity. And you are about to learn how to decipher this system and use it to your advantage.

Let me start with a small (literally) example of how these bugs can control us.

Many of us are familiar with the single-celled organism Toxoplasma gondii, which is responsible for the disease toxoplasmosis. Pregnant women are told to avoid close proximity to cat litter and to have their partner “scoop the poop” for the duration of their pregnancy because cats can pass along toxoplasma in their feces. If a pregnant woman becomes infected with toxoplasmosis, it can cause severe health problems in her unborn child. But of course, most of us don’t stop to consider how this single-celled creature came to live in cat litter to begin with.

Bear with me for a moment. I promise that whether or not you ever plan on getting pregnant or owning a cat, this relates to you in more ways than you can probably imagine.

Toxoplasma has two life cycles. There is a host that the organism ultimately wants to get to, and it uses an intermediary host before arriving at that final destination. In this case, the final objective is a cat. It can be a tiger, a house cat, any kind of cat. Toxoplasma can reproduce only in the gut of a cat—and, like all life-forms, its end goal is to reproduce and pass on its genes to the next generation.

To get into a cat, toxoplasma uses a rodent as its intermediary host. This makes pretty good sense. After all, rodents are famously cats’ favorite prey. Just look at Tom and Jerry, my favorite cartoon when I was a kid. It seems logical enough for toxoplasma to hang out in the rodent, hoping that it will eventually be eaten by a cat so it can end up in that feline’s gut.

But toxoplasma has evolved over millions of years so that it doesn’t have to just wait around; it can actually change the rodent’s behavior so that it’s far more likely to get eaten by a cat. What’s that? A single-celled organism can manipulate the actions of a mammal? Yes, it can, and if I teach you anything in this book, hopefully it’s that single-celled organisms are far more intelligent than we’ve ever considered—and that they not only are capable of controlling us but in fact are already doing it. Constantly.

Okay, then, you might be thinking, the toxoplasma must paralyze the rodent or something similar to make it easier feline prey. That would certainly make sense, but it actually chooses a much more complex and nuanced mode of manipulation than that. Unlike brave little Jerry, most rodents are innately afraid of cats. They are repelled by the sight of a cat or even the smell of cat urine. In fact, if you take a rodent that’s never been exposed to a cat (or its urine) in its life and expose it to the smell, it will run away. That fear and the associated stress response are hardwired into the rodent for its survival.

Toxoplasma undoes that fear response. It manipulates the fear pathways in the rodent’s brain to make it not only less afraid of cat urine but actually attracted to the smell of it. Now, instead of running away, the rodent will approach the cat urine. Sniff, sniff . . . hey, that smells pretty good! Uh-oh, here comes the tomcat! And now the rodent is much more likely to end up in its belly.

How does toxoplasma do this? In his lab at Stanford University, Robert Sapolsky, one of my heroes and a professor of biology, neurology, and neurosurgery, studied the brain chemistry of rats that were infected with toxoplasma. What he discovered was shocking.2

In both rodents and humans, the amygdala is the part of the brain associated with fear. Toxoplasma infiltrates the nervous system of the rodent, travels to the amygdala, and shrivels the dendrites, which are the branches through which neurons receive information from other neurons. This disconnects the fear circuits in the amygdala. But toxoplasma is even more precise than that; it leaves the circuits associated with other types of fear alone and disconnects only the ones associated with the fear of predators.

Now the rodent is no longer afraid of cat urine and will no longer exhibit a stress response and run away when exposed to its smell. That’s pretty good. But how do you get it to be attracted to the urine instead? It turns out that in its genome, toxoplasma has the necessary genes to produce the main enzymes found in dopamine, the neurotransmitter that’s all about pleasure, attraction, anticipation, and reward. And it produces that dopamine and sends it to the rodent’s brain, activating a different circuit this time: the one that’s associated with sexual attraction.

When the rodent smells cat urine now, it no longer experiences a stress response because the pathways associated with the fear of predators have been deactivated. Even better, it really likes the smell because the sexual attraction circuitry is activated instead. The rodent will now run toward danger in the form of cat urine instead of away from it, often leading to its own demise.

This brilliant single-celled organism has completely hijacked the brain chemistry and behavior of a mammal for its own selfish purposes. Pretty darn impressive, isn’t it? But these little buggers don’t stop with rodents. In 2022, field biologists noted that many of the gray wolves in Yellowstone National Park were infected with toxoplasma and wondered if the wolves’ behavior was also being manipulated. It turned out that wolves with toxoplasma were forty-six times as likely to become pack leaders3,4 as wolves without toxoplasma. Obviously, pack leaders must be bold risk-takers, and toxoplasma infection was causing them to take more risks. But why is toxoplasma bothering with wolves? Because the main predators of gray wolves are cougars, aka mountain lions, aka cats.

By now you might be thinking back to the cat litter situation. What is going on with toxoplasma and humans? When humans become infected with toxoplasmosis, they can get very sick, but many remain asymptomatic while toxoplasma lives in the body. An estimated one-third of the population in developed countries is infected with toxoplasma. Those people are considered asymptomatic because they are not sick, but that doesn’t mean that they aren’t affected by it.

In fact, it is during this latent stage that toxoplasma begins producing the enzymes that make up dopamine. We may not become attracted to cat urine, but humans with toxoplasma do become a little more impulsive, tend to disregard rules, and are more likely to put themselves into harm’s way to save others! So all of those so-called heroes out there may just be acting as tools for toxoplasma.5 Humans with toxoplasma also have two to three times the likelihood of dying in a car accident due to reckless driving as do people without toxoplasma.6 That extra dopamine certainly makes us run toward danger.

There is also an interesting link between toxoplasmosis and schizophrenia.7 We know that patients with schizophrenia have altered dopamine levels in the brain. And if rodents that have toxoplasma are treated with the same drugs that are used to treat schizophrenia, they stop being attracted to cat urine. Pretty wild.

But why would toxoplasma want to mess with a human? After all, it can’t reproduce in our gut. In some parts of the world, humans and great apes have always been the main food choice of tigers and other big cats. Indeed, some researchers have looked at our closest relatives, chimpanzees, which are the prey of leopards. Lo and behold, chimps do in fact lose their aversion to leopard urine when they are infected with toxoplasma.8 And remember, toxoplasma isn’t picky about which breed of cats it lands in; it’s just as happy reproducing in the gut of a tiger or leopard as it is in Tom’s belly.

In other words, toxoplasma uses us (and our close chimpanzee relatives) in the exact same way it does rodents: it eliminates our fear and causes us to run toward danger so that we turn ourselves into easy prey. We think that we’re the highest-functioning organism on the planet and that our mind has complete control over our behavior, but in the hands of a simple single-celled organism, we are essentially nothing more than a giant lab rat.

Is this a mic drop moment or what? I assure you, there are plenty more to come.

The thing is, this is not a rare pattern. Like toxoplasma, the other single-celled organisms that use us as their hosts exert their control over us in a multitude of highly complex, sophisticated, intelligent ways.

As Frank the Pug asked, “You humans, when are you going to learn?” The truth is that there’s still a lot we don’t know about this microscopic galaxy. But we can’t afford to wait until we have the full picture to act. For too long, we’ve overlooked these microbes in favor of the relatively tiny number of cells that constitute what we think is human. Now we are paying the price. There is power in numbers, and those numbers tend to dislike being ignored.

Yet that is exactly what we have done. In fact, we’ve gone far beyond simply ignoring the majority; we’ve treated it with outright hostility. Over the past fifty years, we have introduced innovation after innovation that has overlooked, depleted, and destroyed our microbiomes. It’s no coincidence that in the same time frame there has simultaneously been a stark increase in major diseases, from obesity to the current mental health crisis to the autoimmune epidemic that I treat in my clinics every day.

In this book, you’ll see how each of these diseases, and many more, are directly tied to the ways that modern living has decimated the majority shareholders in our guts. It’s safe to say that these microbes are angry, and they’re not going to take it anymore. We are all in dire need of a Gut Check.

The good news is that the vast majority of the bugs living in our guts do not want us to run toward danger as toxoplasma does. Quite the opposite! They want us to stay healthy and thriving because it is in their own best interest. As far as these gut buddies, as I like to call them, are concerned, we’re the cat; they want to reproduce in our guts and pass on their genes.

Our relationship with these bugs is symbiotic. Your body is their home. Ever since the time of Louis Pasteur, we have been taught that these bugs are our enemies and mean us harm, or that at the very least we would be better off without them. But as we now know, we can’t live well without them. And if you treat them well, they will in turn take good care of you.

Hippocrates was 100 percent correct more than twenty-four hundred years ago when he said, “All disease begins in the gut.” He also believed that a physician’s purpose was to be a detective. He proposed that we all have within us (translated from Greek) a “green life-force energy” that provides perfect health. The physician’s job, he suggested, is to identify the factors that prevent our green life-force energy from flourishing and teach the patient to remove those causes with no further intervention.

At the risk of sounding a bit woo-woo, I believe that Hippocrates was right about our life force. No matter what is ailing my patients, I investigate until I discover the root cause, which without fail lies in their gut. As I’ve written elsewhere, once we restore the gut to a state of equilibrium, the disease often abates or even disappears. I don’t have to do anything except act as Sherlock Holmes. Our green life force is the galaxy of very, very small beings living behind your belt! And now that scientists are discovering the mechanisms behind these diseases, I propose advancing Hippocrates’ theory a step further to say that all diseases can be cured in the gut, too. And with the Gut Check program, that is exactly what you will be able to do.

So let’s get going. We’ve got a whole galaxy to explore.





Chapter 1

Your Body Is a Rain Forest

Imagine that you are hosting a big party. As you consider your invite list, there’s a lot to think about. You have many different groups of friends from various parts of your life: your old college buddies, your work friends, and some others that you’ve picked up along the way. Then there are your partner’s different groups of friends to consider, too.

It would be nice if everyone got along, but unfortunately, that’s not the case. In particular, your work friends and your college friends don’t seem to like each other very much. They disagree on some political issues, and previous parties have gotten awkward. A few times, arguments have even broken out.

It might be tempting to hang out with each group separately, but this time, you want to throw a really fun, robust party. Maybe it’s a special occasion. You’ve also noticed that a little competition among groups isn’t always a bad thing; it keeps everyone on their toes. Plus, each group brings slightly different qualities to the table, and they tend to complement one another. One work friend makes an amazing artichoke dip, but it’s nothing without the (grain-free, of course) crackers that a friend from another group buys at a store near her home. One of your partner’s friends has a family member who runs an organic winery, and the wine from there pairs beautifully with a goat cheese from another friend’s farm. Any party without all of the guests and everything they contribute would feel incomplete.

So what do you do? You text invitations to all of your guests. Before RSVP-ing, most of them text you back, asking “Is so-and-so coming?” or “Can I bring a plus-one?” or “What can I bring?” Once they feel assured that other members of their group will be there, they agree to attend and confirm what goodies they’ll bring.

Believe it or not, something remarkably similar is happening within your gut every minute of every hour of every day. Your gut buddies aren’t just getting together to party, though. They work together, play together, and make great efforts to maintain a state of homeostasis—stable equilibrium between interdependent elements—as long as you have a healthy microbiome that includes the right balance of different species that support and challenge one another.

Depending on the mix, they will find a way to work together either to harm or to benefit you, each taking its own unique actions that are all a part of the greater plan. Because of their interrelated functions and the ways they like to compete with one another, diversity is of the utmost importance. But each species will not act until it knows that enough of its members are there to provide backup.

How do they do all this? Well, they talk to one another, of course, using a language that scientists are just beginning to understand.

YOUR HARDWORKING GUT BUDDIES

For just a moment, let’s move away from the party analogy and toward another one that I like to use for the microbiome, an ecosystem that is akin to a rain forest in its population density and diversity. In fact, it isn’t much of an analogy. The gut microbiome is its own lush, dense ecosystem, teeming with different interrelated, competing, and often mutually dependent species.

Though each of our microbiomes is unique (more on this in a moment), all healthy human microbiomes share the same core patterns, at least from a functional perspective. This means that even if you and I have different species living in our guts, if we are both healthy, our microbiomes will function in very similar ways. Again, this is similar to a rain forest: all rain forests around the world share similar patterns, while each individual rain forest contains its own unique mix of species.1

Both rain forests and gut communities contain all kinds of characters: helpful bugs, hardworking bugs, lazy bugs, and a fair share of bad guys, too, whom I like to refer to as “thugs.” In the gut, as in a rain forest, these species are interdependent. Each has its own job to do, but they rely on one another in various ways to get their jobs done. No gut bug is an island!

Many bacteria’s jobs support one another, and some species cannot complete their job unless another one does its first. Imagine this as an assembly line. The second worker in line (and all the subsequent ones) can’t do much of anything until they have the part from the first one. Conveniently, some species of bacteria have similar functional niches and can stand in for one another when needed. So there is more than one worker on the assembly line making the first part. This is how our microbiomes can function similarly, even if their exact makeups are different.

We need this wide mix of characters, even the bad guys. The goal is not to have an entire microbiome filled with happy, helpful, protective bugs. You’ll never get rid of the bad guys completely. The idea is to keep them in check with an overwhelming majority of good gut buddies.

You may be wondering: What is the goal? The three most important markers of a healthy microbiome are stability, diversity, and the right balance of cooperation and competition. There is also an interplay among all three of these factors, meaning that the more diverse your microbiome is, the more stable it will become.

Before we get to the three aspects of the microbiome, let’s make sure we understand the various roles that gut bugs play. Most of us are aware that our gut bugs help us digest our food. That is true. But scientists are learning more every day about the complex roles they play within this process.

Your gut bugs process your food and deliver vitamins, minerals, and proteins to where they are needed in your body. But it’s not as though any old gut bug can process any old type of food. Some bacteria are experts at breaking down starches. Others know how to ferment proteins. Some want to eat only one particular nutrient, such as oxalates2 (a type of plant compound). Some may need to eat one kind of short-chain fatty acid (SCFA), such as acetate, before they can make another SCFA, such as butyrate.3 And so on. Each of them has its own niche.

This means that if you don’t have the right mix of gut buddies working for you, you won’t be able to get all of the nutrients from your food, no matter what kind of diet you follow. As I like to say: You are not what you eat. You are what your gut buddies digest. I’ve known this for a while and discussed it in some of my previous books, but I’ve learned only recently that we need our gut buddies to process much more than just sugars, starches, proteins, and fats; they also activate some of the most important compounds in our foods, such as polyphenols.

For ages, we’ve been told that polyphenols are antioxidants that protect our cells from oxidative stress, which is essentially the wear and tear that ages our cells. But I’ve recently discovered two shocking things about polyphenols: one, they are beneficial for an entirely different reason, which I’ll discuss in great detail later, and two, they cannot benefit you at all if you don’t have the right mix of gut buddies to process them and make them active. Moreover, polyphenols can regulate which gut buddies are allowed to exist in the gut to begin with and/or prevent them from making harmful compounds that can wreak havoc on the linings of your blood vessels.4

But the story doesn’t end there. Your gut buddies also control large parts of your hormonal (endocrine) system, your nervous system, and, perhaps most important, your immune system. This means that if you don’t have the right microbes, you will be faced with far greater than just GI problems. Your hormone levels will become imbalanced, you will be more likely to struggle with your mental health and suffer from depression and anxiety, and your immune system will get the wrong idea about when and where to launch an attack, leading to widespread inflammation and disease.

Paramount in all of this, part of your microbiome is in charge of “manning the gates” to your body via your gut lining. These “bouncers” decide what is allowed in and what will be kept out. If your gut buddies are working against you or you don’t have enough of the right ones to do their jobs effectively, pathogens and other crap are going to end up where they shouldn’t—in your bloodstream—leading to a host of problems. (Get it?)

It’s no surprise, then, that working closely with my patients to restore their gut biome and gut wall leads to remarkable health transformations, healing everything from skin, bone, and joint conditions to heart disease, Alzheimer’s disease and dementia, mental health issues, diabetes, cancer, and all types of autoimmune diseases. In fact, I’ve come to realize that many of these diseases are actually autoimmune in nature and stem directly from gut dysfunction.

The obvious question, which you’re probably already asking yourself, is how exactly your gut buddies exert all of this control. By communicating with every part of your body, of course! Over the past few years, I have focused my research on learning to translate this language, and I am constantly amazed by both its brilliance and its complexity. You will be learning a good deal of this language throughout the book.

First, now that you’re beginning to understand the importance of a healthy microbiome, let’s take a look at its three defining factors.

THE HALLMARKS OF A HEALTHY MICROBIOME

Ecological Stability

The term ecological stability means that a system has the ability to return to a state of equilibrium after a disruption. This is what makes any ecosystem sustainable over time.

Unless it is faced with a major upheaval, the microbiome, like a rain forest, maintains ecological stability. Individuals generally contain their own unique mix of bacterial species in their guts, and that combination remains consistent for long periods of time.5 In fact, if we were to compare samples from your microbiome taken decades apart, they would be more similar to each other than a sample of yours and mine taken on the same day.

The microbiome’s ecological stability is of utmost importance. Patients with stable microbiomes can recover more quickly from a perturbation, whether it’s due to a nasty bug such as listeria, a course of broad-spectrum antibiotics, or something else. Though some people’s guts respond differently from others, just a short course of antibiotics creates significant disturbances in the microbiome that can last for up to two years!6 The disruption becomes more severe, and it becomes more difficult to return to equilibrium, each time we are exposed to the same antibiotic.7,8

What happens if our gut biome cannot return to equilibrium and is therefore unstable? Remember that your gut contains a wide mix of both good and bad bugs. If your microbiome is unstable, the appearance of a few new bad guys could potentially throw off its balance. Those bad guys could reproduce rapidly and find a way to take over. If you’re lucky, that will make you feel very sick. Then you know to take action. But if you don’t feel the disturbance initially, the bad bugs will have ample time to create an environment that will set the course for a lifetime of chronic disease conditions.

With a stable microbiome, on the other hand, you may still get sick from a nasty bug such as listeria, but the good guys will win the day and return to a state of equilibrium much more quickly. To put it simply, a stable microbiome is far more resilient than an unstable one.9 It makes sense, then, that a major disruption to the microbiome, creating instability, can lead to disease.10,11

Notably, the one time when you do not want a stable microbiome is as an infant. In fact, the infant microbiome is considered to be volatile because it changes so quickly until it stabilizes after about three years of age. Pardon the brief “thread drift” here, but this is important. Contrary to what we believed only a few years ago, during pregnancy, the mother’s oral, gut, and vaginal microbiomes affect the health of the fetus in significant ways. The placenta even contains bacteria! These maternal microbiomes all naturally become even more stable than usual during a healthy pregnancy to support the fetus’s growth.

During a vaginal birth, the infant interacts with the maternal microbiome even more, and its gut is seeded with these bacteria, which form the foundation of their own microbiomes. Yet after birth, during the first two to three years of life, the infant’s microbiome changes rapidly to establish a complex community of gut bugs. This happens through a process similar to ecological succession, the way the mix of species in a habitat changes over time.12 This involves various communities naturally replacing one another, with each community creating the conditions that allow the next one to thrive.

Back to the forest for a moment: If a large field in the right climate is left alone for many years (which would be unlikely today, unfortunately), it will first become a meadow. The grass will add nutrients to the soil, allowing bushes to grow, followed by trees, which will eventually form a forest. Eventually, this succession will stop, and the system is stable.

The same thing happens in the infant’s gut. The early “pioneer” species from the mother undergo a systematic series of turnovers, with each community setting the stage for the next one to thrive. Finally, a complex, stable community is formed. This transformation happens in order to develop and mature the infant’s immune system. That’s right; during early development and into adulthood, the gut bacteria shape the tissues, cells, and molecular profile of our gastrointestinal and whole-body immune systems.13

The infant microbiome also changes to effectively process the infant’s changing dietary needs, from breast milk or formula to solid foods. At around the age of two or three, the immune system has been shaped and the toddler begins eating a wider variety of solid foods. The microbiome becomes increasingly rich, diverse, and stable14 and hopefully stays that way through adulthood.

This long-term stability does not happen by chance. It takes effort on the part of your gut buddies. They work hard to maintain equilibrium and even harder to restore it after it has been disturbed. They do this through feedback loops. Let’s say, for example, that one type of bacterium starts to reproduce beyond a certain threshold. This poses a threat to the microbiome’s stability, whether the reproducing bacteria are good guys or bad guys.

Luckily, there’s a backup plan for that. All bacteria produce metabolites, which are substances created as a result of digestion. These metabolites are used as signaling molecules, and they are more important than anyone previously imagined. In this case, the signal goes out that there are too many of these particular guys around, which triggers changes to the gut environment that make it more difficult for those specific bacteria to grow.15 This quickly restores balance. Pretty impressive, isn’t it?

To take this a step further, many of the bacteria in your gut exist specifically for the purpose of maintaining stability. These “keystone species,” as they are called, do not interact with you, their host, at all; they simply work to keep things happy and stable in the gut.16 You can think of these as being akin to the people you might have stationed outside your big party, checking to make sure that everyone who arrives is in fact on the guest list. Those people don’t even attend the party, yet they have a large influence over what happens inside.

The immune system also works to maintain the stability of the microbiome, which is fascinating when you think about it, considering that it’s the microbiome that develops the stability of the immune system in the first place. These two systems continue their tight-knit, multidirectional relationship throughout your lifetime, and it is this relationship that determines pretty much every aspect of your health. When the microbiome is disturbed, bacteria signal the immune system to attack, and the immune system works to suppress the bacteria that are overgrowing and causing instability.17 Once again, equilibrium is restored.

Perhaps most important, diversity, another hallmark of a healthy microbiome, also increases its stability.

Diversity Matters

When it comes to the gut, diversity means that you have a high number of different species that are evenly spread across your microbiome. This is key to a healthy, resilient, stable gut. A diverse gut biome is directly linked to good health and longevity,18 and low diversity is associated with acute diarrheal disease,19 inflammatory bowel disease (IBD),20 liver disease,21 and cancer.22

Research shows that, among other factors, people who are obese have lower gut diversity than lean people do.23 Low-diversity microbiomes that are associated with disease tend to resemble the volatile microbiomes of infants. In other words, a sick adult has a microbiome similar to that of a healthy baby! This can be explained by another phenomenon seen in the forest—this time in the case of a forest fire. In a forest or the gut, when a disturbance kills off the complex community that creates diversity, the bugs from the early pioneer species discussed previously are more resilient and are able to survive the disturbance.24,25 This is called secondary succession. It leads the gut to revert to its immature, less diverse state.

Think back to what you read a few minutes ago about the infant microbiome. It starts with pioneer species and then goes through the process of ecological succession before it reaches maturation—all for the purpose of establishing the immune system. This is why infants are more susceptible to disease than adults; their guts have not had a chance to fully develop their immune systems. It makes sense, then, that sick adults have a less diverse microbiome that is associated with an immature immune system. Simply put, your immune system requires a diverse microbiome in order to function properly and keep you healthy.

You also need a wide mix of bugs because each serves a unique and important function, and some of them are real specialists. It’s not simply a matter of some gut bugs aiding in digestion while others signal the immune system, for example. Each has its role to play. So the wider your range of gut bugs, the better your gut biome can function as a whole.

Luckily (but not coincidentally), your gut has developed a backup plan for this. Though many gut bugs are specialty workers, some species can fill in for one another when needed. They have what’s called functional redundancy; they know how to do the same job. For instance, various species can process complex carbohydrates and produce the necessary metabolites. If one of the species is killed off by antibiotics, another species will start reproducing rapidly to take over the wiped-out gut bug’s job.26 This helps keep things moving along, but it still leads the gut to become less resilient due to its reduced diversity. After all, if something threatens the backup species, there’s no other species around to fill in for it.

If this happens, you will develop what’s called low-diversity dysbiosis, an imbalance of gut bacteria that is linked to disease. Notably, the specific gut bugs that tend to be missing in cases of low-diversity dysbiosis (Lachnospiraceae and Ruminococcaceae) are responsible for fermenting complex sugars into short-chain fatty acids (SCFAs), such as butyrate.

Butyrate is an incredibly important SCFA that is linked to immune system function,27 but the roles that butyrate plays in the body have been widely misunderstood and are more far-reaching than we ever imagined. I will discuss this in great detail later on. For now, it’s important to know that low-diversity dysbiosis leads to a decrease in butyrate and other important SCFAs.

As I said, a healthy, diverse gut biome includes a few bad guys and even some microbes that have long been considered parasites, including protists and helminths (better known as worms).28 Many of them aren’t just innocent bystanders, either. They have their own roles to play, too. For instance, some protists and helminths stimulate a beneficial immune response in people who suffer from allergies.29 Some brave souls have even started intentionally ingesting these parasites to calm their immune systems, but I don’t necessarily recommend that you try this at home.

It seems that a healthy, diverse, stable gut biome needs to have some bad guys present in order to keep the good guys on their toes. This leads me to the final hallmark of a healthy biome, and it’s one that I admit surprised me: a healthy sense of competition between microbes that is balanced by mutually beneficial cooperation.

Cooperation and Competition

Let’s return to the party analogy for a moment. Remember the friend who brought the delicious dip and the other who contributed the crackers? These two items are basically useless without each other. Nobody wants to shovel dip into their mouths with their fingers, and the crackers are bland and dry without the dip. These individual items are mutually beneficial; each benefits from the presence of the other.

This is an example of cooperation, and your gut buddies do the same thing. In their case, cooperation means that various species become healthier and function better in one another’s presence. They need one another to survive and thrive. This is not a “predator/prey” or parasitic relationship in which one species benefits while the other suffers—although some do function this way. As in all healthy relationships, these ones are mutually beneficial and truly symbiotic.

It’s taken your gut microbiome millions of years to coevolve in order to cooperate this way. The mechanisms behind this cooperation are fascinating and incredibly complex, often involving many different species at once. In fact, when two species are studied together, it’s actually unlikely that they will cooperate in a way that’s mutually beneficial; it is more likely when three or four or more species are studied together. Again, this is akin to a rain forest and is yet another reason that diversity is so important.30

This was observed when three species of bacteria were grouped together in a lab. Each species performed a job that was required for any of the three to survive. And it seemed that that was no coincidence. Each produced more of the necessary compounds than needed, creating a surplus for their cooperative partners.31

One of the primary and simplest ways that our gut buddies cooperate is through cooperative digestion. This is when the compounds that one type of bacteria produces through its digestion process become the food for another. As the bacteria digest the compound, they produce another one that becomes the food for a third species. And so on.

Another interesting piece of this puzzle is the fact that sometimes bacteria actively secrete these compounds, often along with other waste products, whereas other times they hold on to them. In the latter case, these compounds are released only when the bacteria die. This is one reason that dead bacteria are so important. Yes, you read that correctly! You need plenty of living and dead bacteria in your gut. Talk about diversity. Dead bacteria carry nutritive compounds for living bacteria, as well as essential information. More on this later.

But perhaps the most fascinating way that bacteria cooperate with one another is through “quorum sensing.” Hold on to your hat, because this is where it gets really interesting. We all know what a quorum is, right? It’s the minimum number of group members that need to be present at a meeting to make any decisions that are made valid. Well, a gathering of gut buddies has a quorum, too, and it doesn’t act until enough members of the group are present.

Your gut buddies can’t really “see” how many others are present. After all, they don’t have eyes. So they’ve created their own ingenious way of taking attendance: they use signaling molecules to communicate with one another. This is part of the language that I referenced earlier. It’s much like your friends texting you to see who else is coming to the party.

Your gut buddies use these chemical signals to synchronize their activities in a process that involves producing, releasing, detecting, and responding to those compounds. The last step—responding—is threshold dependent, meaning that the bacteria do not respond to the signals until they detect a certain level that tells them they have reached a quorum.32

Even more impressive, bacteria don’t use this quorum-sensing process unless they are embarking on an action that can be done effectively only as a group. In this way, quorum sensing allows single-celled bacteria to act like much more advanced, multicellular organisms when necessary.33 Smart little buggers!

But make no mistake; not all gut buddies cooperate with one another. And it’s actually important that they don’t. Let’s think back to the party analogy for a moment. Maybe you have friends from two different groups who don’t actively dislike each other, but they seem to compete for your favor and your friendship. This isn’t necessarily a bad thing. Having a bit of competition motivates each of them to be better. When one friend cracks a joke, the other tries to say something even funnier. When one friend shares an interesting piece of trivia, the other tries to top it with an even more fascinating fact. You get the idea. A healthy sense of competition can make people better. And it can make your gut buddies better, too.

To put it simply, in a healthy microbiome, your gut buddies need some collaborators and some competitors in order to function at their best. One reason for this is that if every species cooperated with the others, they would become interdependent. Then, if one species decreased in number for any reason, the other species would die alongside them, destabilizing the whole system.34

Lo and behold, there is a built-in solution for this, too. When certain competitive species are paired, they function more efficiently than they do separately.35 This is just like your competitive friends. Or it may be more helpful to think of two competitive athletes who each forces the other to work harder and get stronger. This decreases the likelihood of the strengthened species dying out and taking its cooperative species down with it. They really do have a solution for everything!

* * *

If only we humans were smart enough to leave environments like the rain forest or your inner ecosystem alone to thrive in a naturally beautiful, peaceful state of homeostasis. But of course, we have decimated our guts, just as we’ve killed off so much of the rain forests, throwing off this delicate balance. Have no fear, however. Armed with the knowledge of what your gut buddies need in order to thrive, we are going to reseed, feed, and nurture your gut back to being a stable, diverse ecosystem with the right mix of cooperation and competition to create equilibrium.

First let’s take a closer look at your gut buddies’ language—and this time, not the one they use to communicate with one another, but the one they use to profoundly impact the energy centers of your cells.





Chapter 2

It Takes Two

By now you’re beginning to understand how your gut buddies live, work, and communicate with one another and to appreciate how important they are to your health and well-being. I expect that you’re at least a little bit impressed by the design of your inner ecosystem and that you’re becoming motivated to work with your gut buddies to help reestablish your gut’s beautiful, natural state of homeostasis. The truth is that so far we’ve uncovered only the tip of the iceberg.

See, your gut buddies don’t just stick to themselves in their own happy ecosystem. In fact, they work and communicate with every other system in your body. The most important and closest knit of these relationships is the one that they share with their sisters, which live and work within your own cells.

A TALE OF TWO SISTERS

If you’re new to my books, welcome! I’m incredibly happy that you’re here. If you’ve read my other books, some of this information will serve as a refresher. Either way, it will be handy to have it at the forefront of your mind before we move on.

Most of you who took high school biology class are aware of the “power plants” in our cells, the mitochondria. Mitochondria have a fascinating history. The prevailing theory of their origin is that they evolved from engulfed bacteria. If you rewind back to two billion years ago, the world was full of different types of bacteria—but some other fledgling types of cells were also in the mix. As the theory goes, one of those cells, likely a precursor of the eukaryotic cells that make up most of life on Earth, engulfed those bacteria. They started to work together, forming a symbiotic relationship in which both organisms benefited. The bacterium helped the cell to respire, or use oxygen to make energy. The cell, in return, gave the bacterium a home, helping to keep it safe from the elements. Over millions of years, those bacteria evolved into mitochondria.

Despite the fact that mitochondria exist inside our cells, they’ve never fully given up their bacterial roots; they are actually quite similar to the gut bacteria that inhabit your microbiome. In fact, just like your gut buddies, mitochondria have their own DNA. They can divide at the same time that their host cells divide, but they can also divide to make more mitochondria at any time they please via a process called mitogenesis. As you will soon learn, their ability to replicate themselves without the rest of the cell’s having to divide is critical for you, your health, and your fate.

Today, your microbiome and mitochondria are still tethered together by their shared bacterial past. They stay in touch via signaling molecules called postbiotics. These are generally produced by the microbes in your gut, but there are also many of them that you can swallow. Your gut microbes vigilantly monitor everything that takes place in your body. They are in a great position to do so, as they regularly receive information about the state of affairs from both your immune system and your nervous system. They then pass along messages to the mitochondria about how much energy they need to produce via postbiotic signaling molecules.1 The information mitochondria receive from your microbiome influences how much energy they produce.

This is one reason why traditional keto, low-carb, or high-protein diets, which restrict the intake of plant-based fiber, can lead to side effects such as fatigue and brain fog. That fiber is essential to producing a thriving microbiome that in turn produces these essential postbiotics. We’ll discuss this in more detail soon, but first, let’s take a closer look at how our energy factories work.

HOW MITOCHONDRIA MAKE ENERGY

The technical name for the conversion of food and oxygen into energy is cellular respiration. It’s a process that occurs over and over again in every single mitochondrion in the body—and, if you recall, your body houses trillions of them. You can think of cellular respiration as a bit like an internal assembly line. It takes several steps to convert glucose (or proteins and fats, for that matter) into adenosine triphosphate, or ATP, which is our cellular energy currency.

As any Star Trek fan can and will tell you, human beings are carbon-based life-forms. We also consume carbon. All of the food we eat, whether it’s made up of sugars, amino acids, or fats, eventually breaks down into a bunch of carbon molecules. Those carbon molecules make their way inside the cells, where they are scooped up by the mitochondria to kick off the energy production process. This is the start of the Krebs cycle (sometimes called the citric acid cycle), the series of reactions that turns those carbon molecules into ATP.

Once the carbon molecules pass into the mitochondria, they begin a fascinating dance with protons and electrons, some of which come from water. You may recall that these are charged (think electrified) particles. The protons carry a positive (+) charge, and the electrons carry a negative (−) one. Those protons and electrons are then ushered across the inner mitochondrial membrane to the innermost part of the mitochondria. There they go through a series of chemical reactions known as the electron transport chain. It’s complex stuff—but, simply explained, that chain helps ramp up the charges of those particles. As their charge increases, the excited electrons and protons become like proverbial hot potatoes, becoming more and more electrified as they jump from one level of charge to the next.

Things are so “hot” in this situation that you can think of this process a bit like a bunch of twentysomethings heading out for an evening at the latest, greatest nightspot. Think of a single mitochondrion as the hottest new club in town. If you read my book Unlocking the Keto Code: The Revolutionary New Science of Keto That Offers More Benefits Without Deprivation, you will recall that I referred to this as the Mito Club. For those of you who haven’t read it or need a refresher, this concept is so important that I’ll reprise it here so that we are all on the same page.

THE MITO CLUB

This hip new spot has one main entrance that lets you in and a one-way revolving door at the rear where you can exit. (There are also some emergency exits. The Mito Club does want to stay in code, after all, but we’ll talk more about those later. At this point, there’s only one way in or out for the Mito Club’s patrons.)

The Mito Club is crowded, hot, and packed to the gills with hundreds of protons, electrons, and other molecules including oxygen and hydrogen. Because the Mito Club can get so full—anyone who is anyone is trying to get in—a doorman oversees the entrance. It’s his job to admit only so many people. But even with the doorman working hard, patrons can barely get to the bar without bumping into at least a dozen other people. And, as in a real club, there are plenty of protons and electrons that are there with the hope of connecting (coupling) with an oxygen molecule.

Some do manage to couple with that desirable oxygen. They link arms, head to the back revolving door—and make a lot of ATP upon exiting. It’s a bit like the way water creates the power to turn a millstone when it goes over a mill wheel. When the positively charged protons, now coupled with oxygen, pass through the back door turnstile of the mitochondria’s membrane together, they make energy. Furthermore, in the process of exiting, the protons leave behind carbon dioxide (CO2). In this scenario, you can think of the CO2 as the beer bottles and other trash the proton patrons toss before heading out the door with their dates.

It’s a typical, jam-packed Saturday night when, all of a sudden, a lot of the electrons decide to leave. That leaves a bunch of protons, which had hoped to connect with some oxygen, milling about and realizing that the odds of connecting with oxygen are low. The frustrated protons see the Exit sign in the distance and make a beeline for the door. There, some of the protons may meet up with some wayward oxygen molecules and finally manage to couple up. Then, as the new couples push through the turnstile, they produce more ATP. But most of the other protons won’t be so lucky. They are going to exit the club alone and unfulfilled. They won’t be making any ATP tonight.

I should mention that this process isn’t quite as simple as I just made it sound. In mitochondria, the multistep process of trying to combine oxygen with protons to make ATP can lead to more than just the production of some CO2. Unfortunately, it’s not just the protons that want to couple with oxygen; the electrons are all jazzed up, too! When electrons instead of protons end up coupling with oxygen, they produce reactive oxygen species (ROSs), which include the free radicals that we health experts talk about so much.

Think of ROSs as being a bit like the exhaust from your car’s engine. In the Mito Club analogy, I think of them as the patrons who have overindulged and start throwing punches. The bouncers will eventually deal with them, but that doesn’t mean that they don’t cause a ruckus! ROSs are behind oxidative stress, which damages mitochondria and, as a consequence, cells. You’ve probably heard of ROSs and oxidative stress before. Both have been implicated in aging and chronic disease.

Now, some ROSs are okay. The Mito Club wouldn’t be the place to be if there wasn’t a little excitement. In small amounts, they act as signaling molecules, sending messages to help keep your cells healthy. It’s only when they are produced in excess that they become a problem. So when too many electrons and oxygen molecules couple up, it can damage mitochondria. Even worse, if the Mito Club’s bouncers don’t find a way to keep the ROSs in check, they can induce apoptosis—literally, the cell’s explosive and immediate death. As you can imagine, too many fights, too much drama, and the club would have to be shut down.

The Mito Club’s two main bouncers are melatonin (yes, the sleep hormone you’ve heard so much about) and glutathione, a well-known antioxidant. They help keep the ROSs in their sweet spot, just enough of them milling about to perform their signaling duties but not so many as to harm the cell. As you can imagine, the Mito Club likes to have plenty of those bouncers to make sure things don’t get out of hand. But to prevent things from getting out of hand, there has to be another fail-safe system in place. This is where mitochondrial uncoupling comes into play.

UNCOUPLING FOR HEALTH

Although today, many people use the term uncoupling to describe leaving a romantic relationship, mitochondria have their own way of divorcing the burning of fuel (metabolism) from the production of energy (ATP). This is called mitochondrial uncoupling.

Let me explain how uncoupling works using the Mito Club analogy. As you know, this juke joint is the place to be, and the line to get inside has gotten long and longer. Things are getting hot inside, and, at a certain point, the protons are no longer interested in coupling up with the oxygen molecules. They just want to get out and either try a new place or call it a night. The Mito Club has only one exit in the back, but with the big crowd, that exit is easily bottlenecked. Then someone pushes open one of the emergency exits, and bam! The protons rush out the door, so invigorated by their new freedom that they head down the block to try their luck at coupling somewhere else.

Now that some room has opened up in the Mito Club, the tension dissipates and the patrons can enjoy themselves again. In fact, the protons and oxygen molecules now have room to start coupling up again. Furthermore, the doorman can now admit some of those that have been waiting outside. But within just a few minutes, the club is jam packed again. What should the owner do? He’s got unhappy customers, both those who are packed tight inside and all those outside who are waiting to enter. He needs a new game plan.

With so many patrons milling about outside, it’s clear that the cell could use another club, or more mitochondria, to keep up with the demand. This process is called mitogenesis, or the addition of more mitochondria to the cell. Under certain circumstances, a cell will make more mitochondria to handle the workload. (As you may recall, mitochondria have their own DNA and can divide when they need to, regardless of what the rest of the cell may be doing.) Most experts will tell you that there are only two ways to make more mitochondria: by fasting and/or exercising. But I’m here to tell you that there are actually several other ways to invoke mitogenesis—and you can get the resources you need to do so by following the eating tricks in this book.

So the club owner decides to build more clubs. He’s perfected a recipe for success with the Mito Club. But to create the new venues, he needs a bank loan. Where can he go to get it? As it turns out, he can tap into the body’s fat stores to provide the resources to build the new clubs (mitochondria) and start producing all that feel-good energy again.

Okay, you might be thinking, but why would the fat stores give out their currency? Something isn’t adding up. You’d be right to think that. It takes the involvement of unique proteins, nudged by ketones or other “uncoupling compounds,” to open the side doors, promote mitogenesis, and tell the fat stores to open up.

In 1978, the physiologists David G. Nicholls, Vibeke S. M. Bernson, and Gillian M. Heaton, researchers at the Buck Institute for Research on Aging, discovered that mitochondria have built-in “emergency exits” for the various players participating in the electron transport chain. Those exits are controlled by uncoupling proteins.

Today, we know that there are five total uncoupling proteins, named UCP1 to UCP5. They all reside within the inner mitochondrial membrane and allow protons to exit under certain circumstances. Like the Mito Club patrons sneaking out the side door, our mitochondria can allow uncoupled protons to leave the cells’ energy-producing power plants—and waste calories in the process!

As it turns out, ketones, as well as other molecules that I will discuss, send messages to
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