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Praise for The Age-Proof Brain



“Dr. Marc Milstein’s The Age-Proof Brain is an entertaining, forward-thinking, and actionable guide to better brain health! By following his practical, easy-to-follow recommendations, you can reduce stress, improve memory, sleep soundly, and set yourself up to live a long, fulfilling life.”


—Dr. Edith Eger, New York Times bestselling author of The Choice and The Gift


“I tried many other options, but it wasn’t until Dr. Marc Milstein’s powerful tips and strategies that I finally learned how to get a great and restful night’s sleep. I am grateful that he transformed my habits to protect my brain and help me feel my best. I am so excited that The Age-Proof Brain is filled with these same tips and strategies to help others.”


—Andra Day, Grammy- and Golden Globe–winning singer, songwriter, and actress


“There’s so much you can do today to improve brain health and reduce risk of cognitive decline tomorrow. The Age-Proof Brain makes cutting-edge neuroscience accessible to everyone and is a vital guidebook highlighting the critical lifestyle factors that empower you to maintain a sharp, healthy, active brain and protect against dementia.”


—Richard Isaacson, MD, neurologist, director of Alzheimer’s Prevention Clinic at Florida Atlantic University, and founder of the Alzheimer’s Prevention Clinic at New York-Presbyterian/Weill Cornell Medical Center


“Dr. Marc Milstein has the amazing ability to take complicated scientific and medical material and make it easily understandable. He has spoken frequently at our Medical Grand Rounds. Our physicians and staff have learned so much from his cutting-edge updates and applied this to patient care. The Age-Proof Brain is a wonderful guide for healthy living.”


—Eric Leibovitch, MD, internist, former head of internal medicine at Ventura County Hospital, affiliated with UCLA Medical Center and Providence Hospitals


“The Age-Proof Brain is a goldmine of information on brain research with direct application to your lifelong well-being. Dr. Marc Milstein’s incredible ability to communicate complex science in simple (and often humorous) examples, case histories, and ‘how-to’ guidelines is guaranteed to change your life. I have been a sleep researcher/educator for more than 50 years and have never read a better and more accurate chapter on sleep research and practical sleep hygiene than you’ll find in this book. As the author states, ‘Sleep is perhaps the greatest ally in the fight to preserve your brain.’ Great advice in an absolutely fabulous invaluable read!”


—Dr. James B. Maas, Weiss Presidential Fellow, former professor and chair of psychology, Cornell University


“This is a wonderful, life-changing book. You learn how to memorize new information, think with greater clarity, unlock your ability to influence others, and feel wonderful about yourself. This book can change your life in a very positive way.”


—Brian Tracy, bestselling author of Eat That Frog! and No Excuses! The Power of Self-Discipline


“Dr. Marc Milstein has been a very valuable resource for myself and the athletes I represent to maximize performance by optimizing sleep, stress, and overall brain health. The Age-Proof Brain is filled with great tips to reach your highest potential each day.”


—Pat Brisson, National Hockey League Players’ Association agent and cohead of the Hockey Division of Creative Artists Agency


“Memory, blood sugar, mood, energy, immune and gut health—Dr. Marc Milstein illuminates how it’s all connected. By taking care of your body, you take care of your brain. The Age-Proof Brain is a riveting road map based on cutting-edge research to get the best out of your brain and body today and decades from now.”


—Max Lugavere, New York Times bestselling author of Genius Foods


“The Age-Proof Brain is for you if you are looking for practical ways to keep your brain sharp and healthy for as long as possible. Dr. Marc Milstein presents the latest research proving how important the brain–body connection is for preserving and enhancing brain health. No magic pill here—just a hopeful handbook full of practical advice, surprising facts, and real-life stories meant to help you protect your most valuable asset—your mind!”


—Ken Blanchard, coauthor of The New One Minute Manager® and Simple Truths of Leadership


“An in-depth guide to the latest techniques for boosting late-life brain health. With forward-thinking research on everything from Alzheimer’s to the immune system, Dr. Marc Milstein covers a panoply of brain-related issues with humor and panache.”


—Nir Eyal, national bestselling author of Indistractable


“The Age-Proof Brain distills the most current neuroscience research into accessible, fun, and compulsively readable chapters and debunks many of the alarmingly widespread misconceptions about our brains.”


—Michelle Gielan, national bestselling author of Broadcasting Happiness
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INTRODUCTION



AFTER I GAVE A TALK ABOUT THE LATEST SCIENCE ON HOW TO OPTIMIZE brain function, a man in the audience approached me. He told me he was taking a pill he’d seen in a TV ad, which claimed it would improve his memory.


“It’s absolutely amazing,” he said.


“What’s the name of the pill?” I asked.


“I can’t remember,” he replied.


That just about sums up how effective those “magic” pills are. Yes, it’s understandable that we’re desperate for a quick fix to one of the greatest collective health fears we have: Losing your memory and having your mind go from a high-functioning piece of biological wizardry to a lump of gray matter that struggles to remember what day it is.


When I say “wizardry,” I’m not exaggerating. A healthy brain is an amazing thing. It can effectively learn, remember, manage emotions, analyze, make good decisions, create, and innovate. A healthy brain can also let you do the electric slide, laugh (at people doing the electric slide), navigate, and hit a perfect golf shot (well, sometimes). A functioning brain is essential for being the best version of you.


Our brains do change as we age. And our mental functioning changes, too. A youthful brain is more focused, can learn and retain more information, and is more resilient to many conditions. The average human brain shrinks by approximately 5 percent per decade after the age of forty. As you might imagine, a shrinking and shriveling brain can have a devastating impact on memory, focus, and productivity. What’s more, brain disorders like Alzheimer’s disease and mental health issues are on the rise. Many of us have witnessed the devastation of dementia and depression and have seen how they can rob our loved ones of being themselves.


Worldwide, we’re at a tipping point in terms of brain health. Consider these alarming stats about our day-to-day brain and mental health:


•In 2020, fifty-four million people worldwide had Alzheimer’s disease or other dementias—a 144-percent increase in the last thirty years.1


•In the US, 12–18 percent of adults over the age of sixty suffer from memory loss or cognitive problems.2


•Among individuals with dementia, those who had a mental disorder such as anxiety or depression developed dementia around five and half years earlier than those without a mental disorder.3


•Anxiety disorders—the most common mental illness in the United States—affect 18.1 percent of the US population. That’s forty million adults.4


•Depression is the number one cause of disability in the world. In the United States alone, sixteen million people (6.7 percent of the US population) suffer from depression.5


•Approximately one-third of people in the US who pass away after age sixty-five will die with some form of dementia.6


•Fifty-two percent of all workers are experiencing high levels of stress, mental exhaustion, and burnout.7


How can we stem the tide of these startling and terrifying trends in brain health? The pills, games and brainteasers, and “secret solutions” that people spend millions of dollars on—none of them will turn an aging brain into a healthy, youthful one. And these trends have profound implications. In our lifetimes, virtually every one of us will witness the effects of an aging brain, whether in ourselves or in someone we love. For me, I first saw it in my grandmother, Bubbi Lorraine.


How I Came to Care About Brain Health


Bubbi Lorraine was laugh-out-loud funny, a professional artist, and a natural athlete. She could make an Eggo waffle taste better than any waffle I’d ever had. As a teenager, I watched that charismatic person slowly disappear as she began to suffer from dementia. In those days, doctors couldn’t even tell us what type of dementia she had. Was her dementia due to Alzheimer’s? Was it vascular? The doctors told us there was no point in looking further because there was nothing they could do.


Bubbi Lorraine’s decline wasn’t the only experience that got me interested in finding out more about the body. As someone who struggled with Crohn’s disease since I was nine, I witnessed the difficulty practitioners had diagnosing my condition, and I became curious about how the body works. I started doing research in a genetics lab at the Salk Institute every day after school beginning at age fifteen. At UCLA, I performed over a decade of lab research on topics from infectious disease to breast cancer to brain science. And I started to notice a pattern.


In the last few decades, science and medicine have become very specialized, which can be wonderful in many ways. For instance, incredible discoveries from penicillin to gene editing to futuristic advances in surgery are scientific marvels born out of that intense focus. But that specialization has also caused a lack of perspective about the big picture; people tend to think of the body as a series of silos, isolating one system, organ, or process from all the others and making an absolute statement about what may be causing one specific symptom. But as we learn more about each body system, we understand they are actually very much connected. What happens in one part of the body strongly impacts another. The more I researched the latest studies, I started to have a clearer and more nuanced picture of how interconnected multiple aspects of our health truly are.


After completing my doctorate, I had an opportunity at UCLA to give a talk on science to “non-scientists.” I hated the way science was typically taught—boring, clinical, hard to understand. I wanted to share breakthrough research in a fun, accurate, and compelling way. That one talk led to another, and then another. I saw the powerful impact of delivering the latest research to people in an understandable way and how the talks positively and dramatically changed lives.


As I traveled the world giving talks on brain health, I was surprised to see that the questions people asked and the topics they wanted to hear about were the same in every country I visited. Across all cultures, generations, and economic levels, the same question was asked in a variety of languages: How do I live an optimal life? The Age-Proof Brain answers this question.


In This Book


The good news is, serious mental decline is not an inevitable part of aging. For example, it is estimated that a third of all the current cases of dementia could have been prevented by changes in lifestyle.8 Day-to-day functioning, productivity, memory, and focus can all be maintained and strengthened throughout life. More and more research points us to a compelling conclusion and powerful message: that we—not our genes—can have control over our cognitive health today and the destiny of our brains. In fact, research presented at the 2019 Alzheimer’s Association International Conference found that certain lifestyle factors have a greater impact than your genes do on whether you’ll develop memory-related diseases. In 2020, researchers at Rush Medical Center in Chicago found that those who followed recommendations for simple lifestyle modifications reduced their risk of developing Alzheimer’s by nearly 60 percent.9


The keys to a healthy, youthful brain lie in the brain’s connections with the rest of the body. There are eleven key factors to preserving and enhancing brain health: a robust immune system; a healthy heart; preventing or treating diabetes; treating mental health conditions; quality sleep; a nutritious diet; regular exercise; stress management; avoiding environmental toxins; social connection; and continually learning new skills.


It is the nuances in these factors that may surprise you! For instance, sleep quality is more about getting effective sleep than just getting a certain number of hours a night. When it comes to exercise, we need to rethink the old saying “No pain, no gain.” And enhancing your immune system isn’t about boosting your immune response—in fact, that could do you more harm than good.


And it’s not about one of these factors in isolation but the synergistic aspect of how they work together. The combination of these factors is critical for slowing down the negative effects of brain aging, realizing your brain’s true potential each day, and protecting your brain from conditions such as dementia, depression, and anxiety. (You may wonder what mental health has to do with brain aging; as we’ll explore later, if they’re left untreated, depression and anxiety can speed up brain aging.) This is why I am dedicating a chapter to each of these key factors, filled with take-home, actionable tips.


You don’t need to worry about the dizzying fads, sound bites, blurbs, and tweets that are often filled with misinformation. In this book, I carefully examine decades of research to distill the key take-home messages into accurate, actionable, and transformative habits you can keep.


This book is broken into three parts.


Part one offers a crash course on your amazing brain, how it develops and functions, and its powerful connections to your immune system, heart, and gut.


Part two examines what surprising and often overlooked factors age the brain.


Part three provides actionable solutions to keep your brain young and age proof. When it comes to brain health, little lifestyle tweaks can have a profound impact. Unfortunately, there are false promises out there, filled with marketing hype, that are nothing more than a waste of money (and are sometimes dangerous), but this book dispels the myths and cuts through the noise. You’ll find a map to science-supported action steps—both big and small—that can help optimize your brain function each day at any age. This integrative approach will help stave off memory problems, fight off depression, improve mood, and boost day-to-day productivity and energy. It’s an inoculation against dementia and non-genetic Alzheimer’s. The action steps you take to protect your brain years down the road will also optimize your brain health today and tomorrow so you can always be the best version of yourself.


Plus, there’s a bonus Age-Proof Brain Seven-Day Challenge to put these recommendations into action and kick-start your brain boost.


Throughout the book, look for boxes titled “The One Important Sheet of Paper.” These recommend topics you can jot down on one piece of paper, which you’ll bring to your next checkup with your primary care provider. Studies suggest that tracking these critical tests and keeping them within normal ranges plays a significant role in slowing down the aging of your brain.10 At the end of the book, you’ll find that list collected in one spot. Make a copy or take a picture of it on your phone to take with you to the doctor.


This book is not an anti-aging book in the sense that it is against aging. There are aspects of aging that are wonderful. We gain knowledge, experience, confidence, perspective, and wisdom as we age. (For example, knowing what I know now, I would not have worn an all-white suit to my middle school dance.) We want to embrace these aspects of aging. In fact, a study found that those who had a positive attitude toward their age and the aging process had a 49.8 percent lower risk of dementia, even if they had a genetic risk for Alzheimer’s.11 The focus of this book is to slow down and delay for as long as possible the decline of the brain and body that often comes with aging. The goal is having a plump, clean brain and being happy, productive, and embracing life. We can get the best of both worlds: we can enjoy the natural evolution of our lives and live the best life possible.


This book is for my Bubbi Lorraine and for the Bubbi Lorraine in your life. Even though their memories were taken, we will never forget them. I’m writing this book with the hope that we can use the latest scientific breakthroughs to lessen the number of times we all go through this type of loss. This book is empowering you to not feel resigned to this fate. You can keep your brain young. You can help those you care about keep their brains young, too. The Age-Proof Brain will equip you with a new take on how to manage your lifestyle using cutting-edge information that can help you live a far healthier and prosperous life. It will help you feel like you can have your best days today, tomorrow, and into the future.










Part I




Meet Your Brain











CHAPTER 1



How Old Is Your Brain?


ROBERT MARCHAND SET A WORLD RECORD FOR CENTENARIAN cyclists when he was 101. Amazingly, even after the age of 100 he was still able to improve his speed. This centenarian would be classified as physically fit, even for a man aged 42 to 61.1 Clearly, we can make our bodies move as if they were younger—but what about how our brains function?


And when do we even want to start thinking about our brain’s age?


I often hear people in their thirties and forties comment that their brains aren’t working like they used to. Maybe these people can’t concentrate at work anymore or can never seem to remember if they closed the front door. Trouble focusing, diminished productivity, and difficulty with recall can be frustrating, but often these symptoms are brushed under the rug or just chalked up to stress. We all have our “human moments,” but don’t downplay these signs until they reach a point where they cannot be ignored. No matter what your age, your brain health today impacts your brain health tomorrow.


I’m sure you have heard the word senility; many people use it to describe what happens when someone has reached a certain age and their mind (especially their memory) doesn’t function like it used to. You may say, “Oh, that’s part of aging. There is nothing anyone can do.” In fact, there is a lot you can do. If you take care of your brain properly, it should keep up with your body as you age. A sharp mind into old age isn’t just a bit of luck—it’s within reach for most of us.


For instance, in some illuminating studies, researchers performed magnetic resonance imaging (MRI) scans on participants’ brains. Some of the participants then implemented certain key lifestyle changes (the same ones you will find later in this book, in fact), and follow-up brain scans taken six months to a year later showed their brains looked younger than before.2 It was as if the participants in the experimental group had put their brains in a time machine.


A younger brain is plump, with more mass of gray and white matter, or brain cells. The experimental group’s brains had more volume and fullness—they were actually bigger—and there was an increase in connections between their brain cells. In contrast, the participants who didn’t adopt these lifestyle interventions (the control group) had visibly older brains, which had reduced in volume since the study started.


A shrinking brain loses functionality and is at risk of a long list of disorders. Think of your brain cells like tires: they need to be full to function. They’re like a vibrant city bursting with activity, from building proteins to transporting molecules to replicating your DNA. It’s like you have a bustling mini-Manhattan in each of your brain cells. Your ability to think, remember, and innovate is tied to the vitality and fullness of each brain cell. If the cells collapse, these functions cannot proceed and cognitive abilities suffer.


The take-home message is just because you’re getting older doesn’t mean your brain has to age at the same rate. Significant cognitive problems are not a normal consequence of aging.


Brain Development 101


To understand how your brain ages, let’s take a moment and take a crash course on brain science to look at how your brain is built. I call this brain science in a couple pages, and the best part is there are no quizzes or tests.


If you were to open up your skull and look down at your brain, the first thing you might notice is that it is divided into halves separated by a long groove down the center. This entire wrinkly, pinkish-gray structure is called the cerebrum. The technical term for the halves of your brain is cerebral hemispheres, like the hemispheres of a globe. Just like your face has symmetry, so does your brain.


Actually, what you’re seeing is called the cerebral cortex—the outer layer of the cerebrum. That’s what’s often called “gray matter.” The inner layer is white matter, or substantia alba, which is made up of densely packed nerve fibers.


We can further divide the cerebral cortex into lobes. There are four key lobes on each side of your brain. Each has a different job:


•The frontal lobe, situated at the front and top of the brain, is involved in thinking, decision-making, and controlling your movement. For example, if you are trying to learn the latest dance or to play chess, you are using the frontal lobe.


•The parietal lobe, which sits behind the frontal lobe, helps you process information from your senses. If you are walking through a theme park, all the temperatures, sounds, smells, and the feelings you get when you run your bumper car into someone else are being processed by your parietal lobe.


•The temporal lobe, at the lower front of the brain, plays a role in memory. This part of the brain also takes your memories and integrates them with your senses. In chapter five, we discuss how this insight into how your brain works can help you remember like a memory champion.


•The occipital lobe is at the back of the brain. Its main role involves vision.


In the back portion of the skull, below the temporal and occipital lobes, sits the cerebellum (Latin for “little brain”). It plays an important role in movement, coordination, posture, and balance.


Finally, there’s the brain stem, the lower part of the brain, which connects to the spinal cord. It regulates vital automatic processes like breathing and heart rate.
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This image shows the four lobes of the cerebral cortex, as well as the lower brain structures, the brain stem, and cerebellum.


There are many other brain structures with other specific functions, which I’ll introduce in later chapters (the brain is a remarkably complex organ). For now, you’ve been introduced to the basic brain parts. Let’s go a little deeper and talk about what the brain is made of.


The average adult brain weighs about three pounds. Those three pounds are made up of about eighty billion brain cells, or neurons. To put the magnitude of your brain into perspective, if you could possibly count to eighty billion it would take, wait for it … about 2,500 years of nonstop counting. How big is one brain cell? Look at the dot of an i in this book. You could fit fifty brain cells in the dot of that i.


Here’s a surprise: when you were born, your brain weighed about three-fourths of a pound.* But while your brain quadrupled in weight since then, guess what stayed the same? The number of brain cells. You have 80 to 100 billion brain cells now—and you were born with most of them.3 That’s right, you’ve had most of your brain cells your entire life, and they were formed before you were born. (Several parts of your brain can add new brain cells throughout your life, though. One of the important ones is your hippocampus, which is involved in memory. We will talk about the hippocampus throughout the book in order to keep this part of your brain healthy and boost your memory.)


So, what created all that extra weight? For starters, the connections between the cells. Your thoughts, your feelings, your memories, the way you move, and every aspect of your being—essentially who you are—are all in the interaction of those cells. Those 80 to 100 billion neurons communicate by sending each other electrical and chemical signals through 100 trillion connections at their axons (the transmitting part of the cell) and dendrites (the receivers).4 (By the way, 100 trillion is at least 1,000 times the number of stars in our galaxy. In fact, there is enough electricity running through your brain right now to power a light bulb. Maybe someday our brains will be powering our appliances!) As your brain developed, you also added supporting cells like astrocytes and oligodendrocytes (also known as glial cells), which hold the neurons in place. And as you learned new things, you added myelination, a coating around your brain cells that makes the electrical signals travel faster. It is similar to the insulation you see on an electrical wire. This myelination allows us to get better at tasks—and adds weight to the brain.*




Fast Facts About Myelination


Two things that increase myelination and improve brain processing speed? Exercise and eating fatty fish like salmon. why fatty fish? the coating that wraps around our brain cells is omega-3, which is found in fatty fish. this is why fish is called brain food. In chapter fourteen we will delve into which foods give your brain a boost.





As the brain develops, a process called remodeling occurs when we learn new things. This process is most intense during our childhood and teenage years; it continues throughout the rest of our lifespan, but to a lesser degree. Much of that remodeling is happening in the connections between brain cells, which get stronger as you learn and remember information. These 100 trillion connections are your memories, behaviors, and thought patterns—how you move, think, and feel. How do these connections tell you where to find your keys, where you parked your car, or the name of the person you just met? In essence, how do you form and revisit a memory? Anytime you learn something new, whether it was how to walk when you were a baby or how to use that new piece of technology, you make a connection between brain cells. Each brain cell can connect to about 10,000 other cells, which is why right now you have about 100 trillion connections in your brain. But how many connections did you have when you were three?
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In this image of a neuron, the myelination is shown by the gray areas wrapping around the axon.


Ten times more than you do now!5 A thousand trillion, a quadrillion. That’s a number you don’t hear every day. Between being born and turning three years old, connections are made at ten to twenty thousand connections a second. This explosion of connectivity is called synaptic exuberance. The process peaks somewhere around eight years old. Then, you start rapidly losing brain connections. But don’t panic! This is a normal process called pruning, wherein the brain prioritizes which cell connections to keep and which to let go. Pruning allows your brain to both strengthen connections related to critical skills and information, and form aspects of your personality. Think of your brain like a topiary bush or bonsai tree: During these critical years of developing, your brain is clipping away wayward foliage so that your personality, your interests, your likes and dislikes, and who you are at your essence can materialize. The key take-home message is that pruning unneeded connections happens during the developmental process to help your brain shape you into the person you are becoming.


But the pruning process continues throughout your life as you make new connections and shed ones that are not needed. (Think of your brain like your desk: you need to clear away the clutter to be productive. But clutter will inevitably creep back in, so clearing it isn’t one-and-done—you’ll have to clear it off again … and again.) Every night when you go to sleep, your brain eliminates connections it figures you don’t need anymore.*


As you age, your brain doesn’t change as rapidly as it did when you were a child, but it still dynamically changes all the time. Because your brain is malleable, you can make it more robust and more adaptable at any age to improve memory, manage stress, and boost focus and productivity. You can also transform your brain at any age to adopt new habits, gain perspective, and recover from physical and mental trauma. The great hope of life is that we are always a work in progress, able to get better and be better each day as our brain remodels.


So, How Old Is Your Brain?


We know that our brains are often not the same age as our chronological age. For instance, there is a group of people called SuperAgers, who are in their eighties and beyond but have the cognitive function of those decades younger.6 Conversely, it’s possible for your brain to be older than your chronological age. Obviously, that’s not something you want!


While there’s no test you can take at home to definitively say how “old” or “young” your brain is,* we can think of a young and healthy brain as being at peak function. And, most often, peak brain function is associated with a sharp memory. As we get older, it can be difficult to remember names, faces, events, something we just read, or what we ate. In younger brains, the process called neural differentiation is efficient and robust. In this process, specific brain cells are tasked to remember certain types of information, such as faces. As we age, that process deteriorates, so the cells lose their specificity and do not function as well. Instead of just focusing on faces, they try to remember other types of information as well. For a SuperAger, neural differentiation is akin to that of a twenty-five-year-old. That’s part of the reason why a SuperAger has the memory performance of a twenty-five-year-old.


So what else are the secrets of these SuperAgers with robust memory—and all those with brain ages younger than their chronological ages? A study published in 2021 uncovered some surprising answers. Over eighteen months, the study followed 330 people, referred to as SuperAgers, who were 100 years or older; the researchers found no decline in most areas of memory or cognitive abilities.7 (While a year and a half might not sound like a long time, once a person reaches the century mark, two years for them is like twenty-five years for a seventy-five-year-old in terms of brain health. For example, the risk for developing dementia increases by 60 percent every two years after the age of 100, while it takes twenty-five years for a 75-year-old’s risk of dementia to increase by the same amount.8 In other words, twenty-five years of risk is compressed into two years after the age of 100.)


So, what is the secret of these mentally strong centenarians? You might be tempted to guess “genes.” While genes can definitely play a role, 16.8 percent of the people in the study had genes that are known to raise the risk of Alzheimer’s, and they did not develop the disease. What seemed to be a key piece of the puzzle was lifestyle!


One key factor was that they kept learning new things throughout their lives. Remember, your memories are housed in those connections between your brain cells. Think of your brain like a bank account; the more deposits we make, the less our net worth is affected by withdrawals. We make deposits (new connections) by learning new things; as we age and naturally lose some of those connections, there are simply more remaining. There’s a Spanish saying: “Learn one new thing each day.” This simple advice is an excellent first rule for brain health. In chapter sixteen we discuss in depth which types of learning are best, but a key take-home message right now is that learning new information or a new skill keeps your brain young. So, if you are learning something new by reading this right now, you are doing one of the most important things for your brain.


While we are not at the point where every person can slide into a brain scanner and find out their brain age, here are just a couple of factors that can help give you a sense of your brain age. Ask yourself the following questions:


1.Executive functioning—How well can I manage my day?9


2.Balance and coordination—How well can I move and maintain balance?10


3.Ability to learn and recall—How well can I remember important information?11


4.Movement—How fast can I walk?12


5.Identity—How old do I feel?13


Of course, none of these questions can replace an actual brain scan and comprehensive evaluation by a neurologist. Still, these fundamental categories can help us get a sense of brain age. It is important to note that simply determining someone’s brain age by brain scan is also not without complexity and controversy.14 For example, there is the issue of which part of the brain and which biomarkers, such as white or gray matter, iron deposits, and volume, to investigate or prioritize. Be wary of a private clinic offering to tell you your brain age, especially for a hefty fee, as at this point this tool is primarily being used accurately at large research institutions. For that matter, be wary if it’s an offer from a guy in a van for a bargain fee. In all seriousness, determining brain age using cutting-edge imaging technology has become an emerging and powerful tool in research studies at large institutions to understand health, disease, and mortality.15


We will continue to discuss other key factors that provide insight into our brain age. Remember, it is not just one of these factors but a combination that determines brain age.


Brain Trash and Brain Age


Now that you know your brain can be older than your chronological age, you may be wondering how that happens. One of the things that makes a brain older, or age prematurely, is the buildup of trash and toxins (we discuss other factors in the coming chapters of this book). The trash is a by-product of the work your brain cells do. Remember, we said each of your brain cells is like a hustling, bustling Manhattan. Just like how a city can get dirty, in the process of living your brain gets dirty as well—filled with waste in the form of leftover chemical reactions, environmental toxins, old, damaged cells, and no-longer-needed proteins. Your three-pound brain makes five pounds of trash a year. This trash is normally recycled or flushed out, but if those processes break down, the trash can build up and damage the brain. The trash buildup interferes with your brain cells’ ability to communicate with each other, eventually causing the cells to shrink and die. There are many forms of brain trash, but the two key types are amyloid plaques and tau tangles.


Plaques


To better understand where plaques come from, imagine a house with an antenna on the roof that delivers some basic television TV stations. If this antenna breaks, not only will you not be able to receive the TV stations, but broken pieces from the antenna could damage your roof. The same idea can happen with your cells. The surfaces of your cells have receptors that look like antennae, which function as an extensive communication and security system. There are many different types of receptors that play a role in all the complex actions and emotions of life. For instance, some receptors specifically receive signals that tell the cells whether or not to grow. Receptors also attach to chemicals trying to enter the cell. If the receptor recognizes the chemical, it unlocks the cell so the chemical—which can impact functions ranging from mood to learning emotions such as love*—can enter.


[image: Images]


These plaques turn into garbage that gets in the way of the brain cells’ ability to form the connections that make and remember memories.


One type of receptor found on brain cells is called amyloid precursor protein, or APP. Sometimes enzymes, acting like scissors, come along and chop up APP into little pieces. There are several factors that cause these enzymes to chop up the APP, one of which—inflammation—we discuss in the next chapter. What’s important to know now is that the chopped pieces of this specific receptor APP happen to be sticky and clump together to form plaques that we call beta-amyloid.


Tangles


While plaques form between brain cells, tangles are trash that forms inside the cells. Inside your cells you have an extensive system of filaments and tiny tubes, called a cytoskeleton, which delivers proteins and nutrients to different parts of the cell. Think of this cytoskeleton as subway tracks, but a microscopic version. The cytoskeleton is held in place by a protein called tau—which in this analogy is much like the railroad ties that hold tracks in place. Sometimes the tau molecules that hold this elaborate delivery system in place detach from the cytoskeleton and attach to other tau molecules. Imagine a bunch of railroad ties coming loose and forming a tangled mess; that’s what a “tangle” in the brain looks like.


It is not completely clear what exactly causes these tau molecules to no longer hold the tracks in place, but there is evidence that inflammation, buildup of toxic components, and chemical reactions in cells are all factors. Once tangles accumulate in one brain cell, they then leak out of the cell and get taken up by a neighboring healthy cell. This healthy cell gets tricked into making more tangles and thus the damaged cells spread throughout the brain.16 A 2021 study found that tracking the accumulation of tau protein in the brain is a better predictor of memory decline than tracking plaque formation.17


Plaques and tangles are the two most common forms of brain trash found in Alzheimer’s disease (we discuss this more in chapter six), and tau tangles are also found in other forms of dementia, as well as chronic traumatic encephalopathy (CTE—a condition where brain damage occurs due to trauma from head injuries such as concussions). But there are also other types of brain trash that can be a root cause of a wide range of diseases and dysfunctions, including depression, Parkinson’s disease, and anxiety, to name just a few. For example, a protein called alpha-synuclein accumulates in toxic clumps that damage dopamine-producing brain cells.18 Dopamine helps coordinate movement. When these cells are destroyed, the tremors seen in Parkinson’s appear.


Buildup of waste in general can also lead to symptoms such as diminished focus, loss of productivity, and a drastic reduction in overall energy—signs and symptoms of biological aging. Simply put, the more trash, the “older” the brain.


So, can we get rid of trash? While there’s no brain shampoo, scientists have made a series of discoveries that show your body has powerful cleaning methods to literally take out the trash. Learning new things, which also increases the connections between your brain cells, is one of them! The next natural cleaning method is related to your immune system—which we turn to in the next chapter.




Plot Twist!


I just said that more brain trash means an older brain … but before we move on to chapter two, I have to acknowledge that that’s not always how it works (and here’s where the discussion of plaques and tangles starts to get somewhat perplexing—bear with me). Let’s go back to the study of the SuperAgers, who have the memory recall ability of someone much younger. Some of them had enough plaques and tangles in their brains that they should have been guaranteed to have memory dysfunction. Yet they didn’t. It seems that these SuperAgers have brains that can be resilient to higher levels of trash—trash is present but doesn’t seem to be interfering with memory. Additional research from other studies has found that 30 percent of older adults have enough plaques and tangles in their brains to have significant memory loss but don’t show signs of dementia.19 Again, this resilience can be attributed to their lifestyles and possibly some aspects of genetics. The lifestyle factors that can compensate for, and build resilience to, plaques and tangles are covered throughout this book.


To be clear, we definitely don’t want too much trash to build up. It can damage the brain, though certain types of waste and trash are more dangerous than others. But we are learning that trash is not the only factor in brain aging and brain dysfunction—we cover others in the coming chapters.


In part three, we focus on how to get rid of trash and how to keep your brain youthful so that you’re more resilient to the trash you can’t get rid of.





__________________


* Quite a bit happened before you were born. In the nine or so months of brain development you spent inside your mother, you were making a staggering 250,000 new brain cells a minute. That’s a lot of work!


* Humans aren’t born with much myelination, which is why babies aren’t very good athletes or musicians.


* In chapter five we delve deeper into how your brain retrieves the memories you want to access, like that famous actor’s name (you know, the guy in that movie), and, of course, more serious information.


* Although many online quizzes might tell you otherwise—most of those just aren’t based in science.


* When people say love is mysterious, they are really saying love is specific chemicals released in the brain that attach to receptors. Not so romantic, right?










CHAPTER 2



Your Brain, Your Immune System, and You


PONCE DE LEÓN SCOURED THE WORLD LOOKING FOR THE FOUNTAIN of youth, but it turns out that he should have looked closer to home. In fact, Ponce could have stayed on his couch and just studied his own immune system. Breakthrough studies have discovered that the fountain of youth is actually a balanced and healthy immune system.1 Just as your brain can be younger or older than your chronological age, so can your immune system. One year from now, you may have lived 365 (or 366!) more days, but that doesn’t have to mean your brain, body, and immune system aged a year. A study published in Nature Genetics found certain remarkable centenarians with immune systems several decades younger than their actual age—on average, forty years younger, to be precise.2 One very healthy 105-year-old man even had the immune system of a 25-year-old.


It’s important for brain health to have a young immune system because, as the immune system ages, it either becomes over- or underactive. This unbalanced immune response raises the risk for infection, dementia, Alzheimer’s, Parkinson’s, heart disease, depression, and cancer, among others. Let’s look deeper into how the immune system works—and how it protects the brain—so that we can keep the immune system balanced and young.


A Crash Course on Your Immune System


Your immune system is a complex army with a dizzying number of players. The main parts of the immune system are:


1.White blood cells: These amazing cells battle infection and disease. There are many types of white blood cells, including neutrophils, eosinophils, monocytes, T cells, and B cells.3 You don’t need to remember all those names—just that it’s a complex army.


2.Antibodies: Made by white blood cells, antibodies are proteins released into your blood. These proteins recognize and destroy foreign substances such as bacteria and viruses.


3.Red blood cells: It’s now known that red blood cells do more than carry oxygen and assist in clotting. These cells also play a role in the immune system by attaching to dangerous pathogens and aiding in their removal.4


4.Spleen: The spleen helps control the number of white and red blood cells in your body and removes old or damaged blood cells. It houses antibody-producing lymphocytes, among many other functions.


5.Thymus: A gland in your chest that makes white blood cells. Hormones released by the thymus also inhibit the aging process.


6.Lymphatic system: This large network of organs, lymph nodes, and tissues functions like the surveillance and sewer system in the body. The lymphatic system is part of the immune system. Although that comparison might sound a little gross, this system plays a particularly noteworthy role in our brain health—as we will see in the next section.


In this chapter, we cover just a few components of the immune system that have particularly noteworthy roles in our brain health. In addition to the lymphatic system mentioned above, we also look at some of the specific cells that participate in our body’s immune response.


The Lymphatic System: Taking Out the Trash


Each day, the glands, tissues, and organs that make up the lymphatic system clear the waste and toxins that build up in our bodies. Think of the lymphatic system as plumbing pipes with lymph running through them. Lymph is not blood—it’s a colorless fluid that is drained from your tissues and organs. Lymph removes the by-products generated by your cells, as well as toxins and germs. It circulates through the body and picks up dangerous viruses and bacteria, depositing them in the lymph nodes (which are located in the neck, armpits, chest, abdomen, and groin). The immune cells sift through the viruses and bacteria in the lymph nodes; if the immune cells find anything dangerous, they mount an attack on these pathogens still present in the rest of the body. I like to think of these immune cells as miners panning for gold, but instead of looking for nuggets, they are searching for pathogens.


This process is why you may get swollen nodes in your neck when you have a cold: blood cells are rushing into the lymph nodes to fight off the infection, and the pileup causes swelling. It’s a sign your body is working to get rid of the germs that are making you sick. The lymphatic system also cleans up the mess left behind after injuries to the brain and body. And, importantly, part of the waste that the lymphatic system removes is the brain trash I described in chapter one.


For hundreds of years, however, scientists believed the lymphatic system did not extend into the brain.5 As I mentioned in the introduction, scientists and doctors have had a tendency to view the body as a series of silos, where one system, organ, or process works in isolation from all the others. That’s exactly how experts had viewed the lymphatic system until 2013, when Dr. Maiken Nedergaard at the University of Rochester made a startling discovery. Dr. Nedergaard was trying to understand how the brain repairs itself after an injury. She wanted to investigate how sleep played a role in the repair process. While in deep sleep, her subjects experienced a phenomenon that seemed like something out of a horror movie.


She observed that the brains of the sleeping subjects shrank down to 65 percent of their normal size. Once the brain reduced in size, it began to pulsate in a dynamic rhythm. (I like to imagine this happened on a stormy night, with flashes of lightning and thunder echoing through the lab. But likely it wasn’t that dramatic of a scene.)


Further research discovered that the shrinking process squeezed out the trash, waste, and toxins from the brain cells and created empty space into which the garbage could drain. Once the debris was squeezed into these empty portals in the brain, while the volume of the brain was still reduced, fluid from the spinal cord plunged into the brain for a brain wash.


The idea that our brains squeeze out waste and are flushed clean every night went against everything we thought we knew about how the brain works. In fact, the scientists who made these discoveries didn’t believe their results and spent several years repeating their experiments because they figured something had to be wrong.6


The answer to how and why our brains shrink when we sleep arrived in the form of a flashing green light. In 2015, Dr. Kari Alitalo set out to take a closer look at the lymphatic system in his laboratory in Helsinki, Finland. Using cutting-edge technology, he was able to map the lymphatic system of mice, turning all of the tunnel-like vesicles of their lymphatic systems green and creating a detailed map. Dr. Alitalo expected to see the lymphatic system light up from the neck down. To his surprise, the glowing green light also showed up in their brains.7


We now call the part of the lymphatic system that extends into the brain the glymphatic system, as it works with glial cells in the brain. Glial cells are supporting cells that have a range of functions such as protection, cleaning up debris, and forming myelin. The discovery of the glymphatic system set in motion a dramatic change in our understanding of how our bodies work and how we can lower our risk of a range of neurological diseases. Anything that disturbs our waste removal system—from aging, to concussions and brain injuries, to a stroke (which can lead to what can be described as the brain drowning in fluid)—is bad for our brain health.9 In short, because our lymphatic system plays such a big role in clearing out brain trash, a malfunctioning “sewer” system can lead to a variety of brain dysfunctions.




Where Does All This Trash Go?


In 2015, scientists discovered a set of vessels that run from the brain into the lymphatic system. They are called meningeal lymphatic vessels and, through them, cerebral spinal fluid drains from the brain, removing the waste.8 Think of these vessels like the pipes attached to a dishwasher that remove the waste water after you run the wash. The age of our brain and body is related to the age of these vessels. Think back to the pipe analogy: If that pipe doesn’t work, the sewage builds up. Imagine the brain not being able to remove waste and how that could cause damage and aging.


Just as an aside, it’s incredible that these vessels were only discovered so recently. We thought all of human anatomy had been completely mapped, but these vessels, hidden deep within the brain by other blood vessels, were tough to locate.





Furthermore, the link between the immune system and the brain can help us better treat and understand a range of seemingly disconnected conditions, from dementia to depression to multiple sclerosis to concussions. An immune system that incorrectly attacks the brain does damage. And an immune system that does not remove waste and toxins also causes damage. So, to effectively treat these conditions, a delicate balance of protection and cleanliness must be maintained in the brain.




Microglia: The Cleanup Crew


Besides sleep, there is another way to remove waste and garbage from your brain. Have you ever looked in an aquarium and noticed those little fish at the bottom of the tank that are eating up waste and garbage? You have cells in your brain called microglia that perform a similar function. These microglia are immune cells that basically act as scavengers in the central nervous system, eating up brain trash.


However, they can get confused, and instead of eating trash, plaques, tangles, and toxins, these cells start to gobble up healthy brain cells and turn them into more useless brain trash. We discuss in chapter eight how to keep your microglia from getting confused.





Killers and Peacekeepers


The next key players in our immune and brain health are immune cells. There are two key categories that maintain a balanced immune system: pro-inflammatory (killer) cells and anti-inflammatory (peacekeeper) cells.


One of the critical types of killer cells are the T cells, which circulate in the body to seek out and destroy specific viruses and bacteria they have learned to recognize. T cells rush to the site of an infection to trap and destroy the invaders, a battle that generates inflammation, which can physically manifest as pain, swelling, and redness. So, when you get a sore throat, it’s not actually the infection causing all of the soreness but rather killer cells attacking the virus.


The attack itself kills the infected cells, as well as some neighboring cells, which are replaced with healthy, uninfected cells. Your body senses that the virus is being or has been eliminated. Then, it’s time for peacekeepers to do their job. These anti-inflammatory cells rush to the scene and calm down the killers, basically telling them that they have done a good job killing—and it’s time to go home, kick back, and relax.


When people talk about boosting your immune system, they’re really talking about boosting those killer cells. However, if the peacekeeper cells are not deployed, your throat would be continually attacked and damaged by your own immune system. When this kind of continual attack happens, it’s called chronic inflammation. There can be too many killer pro-inflammatory cells or not enough peacekeeper anti-inflammatory cells to keep inflammation under control throughout the body. That’s why it’s necessary to balance the pro- and anti-inflammatory responses.




Get Enough Vitamin D


There is a lot of marketing and exaggeration in the wellness world, but Vitamin D isn’t just hype—it really does help support immune health. Vitamin D is essential to the proper functioning of your T cells. Imagine your T cells like little cars driving around inside your body looking for dangerous viruses and bacteria. T cells each have their own antennae-like receptors, which reach out and grab vitamin D from the blood. The vitamin D fuels T cells to keep them moving and focused; if there’s not enough vitamin D, the killer T cells can’t do their job attacking dangerous viruses and bacteria.10


Vitamin D is sometimes called the sunshine vitamin because our bodies manufacture 50 to 90 percent of their vitamin D in response to the sun hitting our skin. Less sun exposure can lead to our bodies manufacturing less vitamin D. The lack of sunshine exposure is one reason we get more colds and flu in the winter.11 We discuss other key vitamins for brain and immune health in chapter fourteen.





Problems of an Aging Immune System


There is another key player in the immune system we need to discuss. (I know what you’re thinking: Another player? This feels like the beginning of the movie Encanto, when twenty characters are introduced in two minutes. While Lin-Manuel Miranda does an amazing job of clarifying all of these characters in a fantastic opening number, unfortunately—though fortunately for your ears—I can’t sing the immune system to you. But stick with me, this is the last new player for this chapter!) This new player has an important role that’s akin to a security guard on duty. If the guard notices something wrong or some suspicious activity, they call in backup. The security guards of your immune system are called cytokines. These players alert the killers, such as T cells, that it’s time to destroy an invading germ.


But, as you know by now, balance is the key. If cytokines overreact to an infection, they can trigger an overly large immune response. Imagine you called 911 because you had a break-in at your house and instead of sending a couple of police officers, the 911 operator sent an entire platoon. The army would do more damage to your home—and possibly to you as they trampled around—than the burglars. Similarly, an excessive immune response can damage organs such as the brain.


A significant reason our immune system miscalculates is the aging process.12 If the glymphatic system fails, we are not able to adequately remove trash and toxins from the brain. An older immune system is also more likely to overreact or underreact to viruses and bacteria, which can have serious consequences: a weak immune system can allow viruses, bacteria, and cancer cells to grow and replicate, making us sick. A too strong or overactive immune system can attack our joints, organs, or brain, resulting in inflammatory and autoimmune diseases. (Autoimmune diseases such as rheumatoid arthritis, lupus, and inflammatory bowel disease, in all their complexity, are essentially those killer cells attacking one’s own body.) Obesity, heart disease, and diabetes can likewise be caused or partially caused by the immune system being out of control and attacking specific organs. In many cases, a factor in Alzheimer’s disease is an unbalanced immune system that attacks the brain.


Depression can also be caused or exacerbated by an overactive immune system. A 2021 study found that when the immune system incorrectly attacks parts of the brain involved in mood, the symptoms of depression can manifest.13 This is why individuals with depression sometimes do not respond to commonly prescribed antidepressant medications and talk therapy—neither of those methods address an underlying immune issue. These insights show how intimately the brain and immune system are connected—and, more importantly, provide hope in developing more effective treatments for depression.


Unsurprisingly, there are links between the immune system and memory: In a 2019 study, researchers blocked overactive immune systems in elderly mice. These mice started remembering how to navigate a maze like their youthful counterparts.14 In other studies, mice that had a compromised immune system* scored lower on memory tasks than other mice. When researchers transplanted immune cells into these mice, essentially giving them functioning immune systems, they scored as high on memory tasks as healthy mice.15


In short, if you manage the immune system, you de-age the brain. It’s a powerful reminder that—as I’ve said before—our body systems are intricately interconnected, and what happens in one area will impact another. In part three of this book, I give you an action plan on how to balance your immune system, but first let’s keep following these threads that connect our brains to other body systems, shall we? Up next, we’ll look at the intriguing connections between the brain and the heart.


__________________


* In case you were wondering, mice and humans are remarkably genetically similar—we share over 90 percent of the same genes. So, scientists have long used them in studies of the immune system, which have led to big breakthroughs in our understanding of immunity. For this research, immunologists specifically bred mice with compromised or abnormal immune systems. These mice must be kept in a special germ-free environment.
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