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Praise for Dr Fotuhi



“The Invincible Brain is a powerful reminder that we are not prisoners of our genetics. Dr. Fotuhi brilliantly shows how science, lifestyle, and purpose converge to give us the ability to rebuild, rewire, and rejuvenate our brains at any age.”


—David Perlmutter, MD, author, #1 New York Times bestseller, Grain Brain and Brain Defenders


“Being a six-time USA Memory Champion and having boosted my brain from normalcy to champion status, I can say that Dr. Fotuhi touches on all the important keys to developing a healthy, powerful brain.”


—Nelson Dellis, six-time USA Memory Champion


“Dr. Fotuhi presents, in a highly readable format, decades of research demonstrating how specific lifestyle interventions can protect the brain from dementia. This book is essential for anyone who wants to stay sharp and reduce their risk of cognitive decline and Alzheimer’s disease.”


—George Perry, PhD, professor of Biology and Chemistry at the University of Texas at San Antonio; recognized leader in Alzheimer’s disease research; editor in chief of the Journal of Alzheimer’s Disease for more than twenty-five years


“Dr. Fotuhi is a consummate educator and writer; in the last three decades, his teaching has made even the most difficult and arcane neurobiology become not only accessible, but also fun and exciting. Amongst the Harvard Medical students (who can be a very tough audience, indeed!), he has garnered well over a generation of enthusiastic fans.”


—Richard N. Mitchell, MD, PhD, Lawrence J. Henderson professor of Pathology at Harvard Medical School and former director of the Harvard/MIT Division of Health Sciences and Technology


“Emerging evidence suggests that specific lifestyle choices and simple interventions can enhance brain health and performance. Dr. Fotuhi translates the latest scientific literature in this field into simple layperson’s terms and offers up actionable plans. If you want to think more clearly and effectively, now and as you age, Dr. Fotuhi has the guidance you need.”


—Barbara S. Slusher, PhD, MAS, professor of Neurology, Psychiatry, Pharmacology, Neuroscience, Medicine, and Oncology; director of Johns Hopkins Drug Discovery at the Johns Hopkins School of Medicine


“Our students at Harvard Medical School consistently praise Dr. Fotuhi for his enthusiastic teaching and his gift for explaining complex neurobiological concepts, making them clear, accessible, and engaging.”


—Stuart A. Forman, MD, PhD, a professor of Anesthesia at Harvard Medical School; director of the Principles of Pharmacology course at the Harvard/MIT Health Sciences and Technology program


“What Dr. Fotuhi teaches has given me new enthusiasm for life: I now feel confident about my memory and brain performance. Learning how to memorize a list of twenty things, and then forty forward and backward—in just about an hour—made me realize that ‘I could do it,’—something I doubted strongly just a few weeks before. I soon applied my newly discovered strategy to remember names at a dinner party and was thrilled to discover that I am now actually good at remembering names, something I always felt was my weakness. Learning about the cutting-edge research on how simple lifestyle changes can increase brain size provided a new incentive to be more conscious about everyday choices. My energy and attitude toward brain aging are supercharged! You’re not bound to the brain your birthday says you should have. With Dr. Fotuhi’s advice, a bigger, younger brain is yours for the taking. Grab hold. I have, and you can, too!”


—Michael F. Roizen, MD, former chief wellness officer at Cleveland Clinic, cofounder of RealAge, and author of YOU: The Owner’s Manual and RealAge: Are You as Young as You Can Be?


“Want to grow a bigger brain, improve your memory, and save your brain from premature aging? Follow Dr. Fotuhi’s advice. I do!”


—Jean Carper, bestselling author of Stop Aging Now!, Your Miracle Brain, and 100 Simple Things You Can Do to Prevent Alzheimer’s and Age-Related Memory Loss
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INTRODUCTION



The human brain is a wondrous organ, complex beyond any computer. During the past thirty-plus years, I have run and published many brain research studies. I’ve held actual human brains from autopsies in my hands. I’ve looked at slides with pathological specimens from patients with multiple sclerosis, stroke, Parkinson’s, and Alzheimer’s. I’ve taught thousands of students all about the brain at Harvard Medical School and Johns Hopkins University, and I’ve taken care of thousands of patients with memory loss, ADHD, concussion, mild cognitive impairment, Alzheimer’s disease, and other neurological conditions. And now, more than ever before, I am thrilled about the recent revolutionary discoveries in my field that show we can slow and reverse early stages of late-life Alzheimer’s disease.


Yet, the brain continues to astound me every day. Three pounds of gelatin-like, slippery, perilously fragile tissue, the brain is stronger and more vulnerable than you might expect. Most wondrous of all, it is ultimately malleable.


The brain is capable of seemingly miraculous feats of growth and rejuvenation. It can reroute and rewire, increase or decrease in size, produce new cells, and fire up new neuronal connections or shut them down. Damage it, and it often finds a way around the damage. Use it, and it gets smarter and better at anything. The brain’s capacity to respond to its environment is a testament to why we as a species are so advanced. We can take advantage of that adaptability, flexibility, plasticity, and potential. We can take our brains to the next level, simply by what we do to them, for them, and with them on a daily basis.


How well this happens is based on the genes you inherited from your parents, but even more so on your family environment, education, work, social interactions, hobbies, and dedication to learning and practicing. You may not think about your lifestyle and activities in terms of how they affect your brain, but you’re taking care of your brain every day in innumerable ways, through daily habits: You feed your brain nutrients (through food), provide it with blood and oxygen (through exercise), facilitate its natural rinsing and cleaning mechanisms (through sleep), and challenge your brain (by training it).


For decades, scientists and doctors alike believed that we were born with a certain number of brain cells and could never grow new ones, that Alzheimer’s disease was mostly genetic and certainly not preventable, and that as the brain aged, there was no turning back the clock. These myths have now been shattered. In fact, at a recent Alzheimer’s Association International Conference, the notion that lifestyle impacts brain function was no longer considered radical, debatable, or even surprising. New Alzheimer’s drugs are still a matter of debate—do they work, and are they worth the enormous cost? But nobody debates that we can all impact our cognitive function through our daily habits.


This hasn’t always been the case. When I wrote my first book, The Memory Cure, we decided we could not put “prevent Alzheimer’s” on the cover because it was too controversial. Now, most neurologists agree that prevention is possible. We understand more than we ever have before about how dementia works and what contributes to it, and that has led to the clear realization that how we use our brains and care for them does influence how well they work—in other words, you have a lot of control over how your brain ages. According to a 2024 report in The Lancet, nearly half (45 percent) of dementia cases could be prevented by addressing modifiable risk factors.1


Based on my more than thirty years of teaching, clinical practice, and neuroscience research, mainly at Johns Hopkins and Harvard Medical School, I have good news for you: No matter how smart you think you are, or how smart you think you aren’t; no matter what kind of cognitive changes you’ve noticed, or how often you forget what you used to remember; no matter where your brain is sharp, and where you think it might be dull, I am here, as a neurologist and brain researcher specializing in optimizing brain function, to tell you that you could be smarter, sharper, quicker, and clearer tomorrow than you are today. You can protect your brain from decline as you age, in ways that are far simpler than you might expect.


The Genesis of the Invincible Brain


As a clinician-scientist, my mission has always been to make a meaningful impact on the patients I see in my office and the thousands, even millions, of people seeking ways to enhance their cognitive vitality. This passion led me on a journey spanning decades, through rigorous research, clinical practice, and ultimately, creating the twelve-week program shared in this book—a proven plan that has already changed thousands of lives.


My journey to learning how the brain works began during my doctoral research at Johns Hopkins, where I delved into the molecular intricacies of neuronal function. At Harvard Medical School, I continued my research while immersing myself in clinical medicine and researching the hippocampus—the thumb-sized brain area critical for learning and memory—which is highly vulnerable to injuries such as concussions and Alzheimer’s disease.


During my neurology residency at Johns Hopkins, I worked part-time as a consultant at the Alzheimer’s Disease Research Center, evaluating patients in the Baltimore Longitudinal Study of Aging. As I reviewed cases, I noticed a troubling pattern: Many patients diagnosed with Alzheimer’s had underlying, potentially preventable and treatable conditions like strokes, diabetes, or hypertension. Yet, they were given a diagnosis that often felt like a death sentence. They were not receiving information on how they could slow or reverse their cognitive decline by addressing their other, often treatable, medical issues.


Determined to understand this further, I pored over research in the medical literature and uncovered a startling truth: Alzheimer’s was being overdiagnosed. Patients were being told they had an incurable disease when, in fact, their memory issues might have been reversible. The weight of this discovery fueled a mission I could not ignore. I was determined to go on rooftops and yell out: “What we call Alzheimer’s disease can be prevented!”


To begin spreading this message, I published The Memory Cure, in 2003, the same year I started my career as an assistant professor of neurology at Johns Hopkins and as the director of the Center for Memory and Brain Health at Sinai Hospital of Baltimore. I continued to see patients with various degrees of cognitive deficits and participated in several research projects. Over the following decades, I dedicated my career to researching the impact of lifestyle interventions on cognitive decline and Alzheimer’s, questioning the prevailing doctrine that genetics determines our destiny by proving how supplements, medications, and physical fitness influence our brain health, and how we have drastically misunderstood these common diseases of aging.


By 2011, evidence suggested that neuroplasticity—the brain’s ability to rewire and grow—was more than just a theoretical concept. Inspired by ongoing discoveries in my field, I launched my own neurology practice in Baltimore, designing a multidisciplinary program for patients with mild cognitive impairment (MCI)—a transitional state between normal aging and Alzheimer’s disease. In 2015, I moved the clinic to the Washington, DC, area and named it the NeuroGrow Brain Fitness Center. I treated thousands of patients who were worried about their brains for a variety of reasons. Some were recovering from concussions or strokes. Some had migraines, ADHD, or brain fog. Many worried about their memories fading with age or feared impending dementia. I addressed their concerns with my tailored, science-based Brain Fitness Program. This exciting program is the foundation of the book you hold in your hands today.


Even before I began personalizing my program for each patient, I encouraged them to realize how well their brains worked in the many ways they weren’t worried about. I reminded them that their brains may be the source of their specific struggles, but they are also the source of their particular talents. It’s human nature to focus on what’s not working rather than on all the amazing things that work perfectly well. After undergoing cognitive testing in my clinic, many of my patients were pleased and excited to realize how well their brains worked in areas they took for granted. I helped them broaden their understanding of intelligence and appreciate just how incredible our brains truly are; many of my patients were thrilled to discover they were already smarter than they thought they were.


I assured them they could get much sharper still. That was when the real work began.


Each patient received a personalized brain rehabilitation program based on an initial neurocognitive and neurobehavioral assessment. The areas where each patient felt they had deficits and the areas where the assessments showed deficits were our focus. The program lasted twelve weeks—the amount of time I found to be the minimum possible for maximum results. The patients visited NeuroGrow twice weekly over those twelve weeks for brain-coaching sessions. My team and I instructed them on lifestyle changes, helped them to challenge their brains, and trained them on how to practice different forms of biofeedback, including a technique for improving heart rate variability (HRV), a measure of fitness, stress management, and resilience.


Working with our enthusiastic brain coaches, some patients focused on switching to a brain-friendlier diet, others got their sleep in order, some focused on stress reduction, and others dove into intensive brain-training games and other exercises. Most of them focused on several areas simultaneously for maximum effect.


The results were dramatic. Nearly all patients with MCI reported some improvement, and a thorough statistical analysis of data showed 84 percent of my patients gained remarkable improvements in their objective and validated tests, scoring higher on cognitive assessments, and reporting fewer cognitive and emotional symptoms. The MRI results from our patients showed that more than half of them had grown the size of their hippocampi by 3 percent. This meant their brains had become about three years younger in twelve weeks.


The program was so successful that I decided to share the results of our research findings on memory and Alzheimer’s disease with the scientific community. I wrote a paper about it, focused specifically on elderly patients with MCI, and it was published in 2016 in The Journal of Prevention of Alzheimer’s Disease.2


Next, I decided to test the effectiveness of this program for patients of all ages who had persistent concussion symptoms for months or even years after brain injuries. Persistent postconcussion syndrome is frustrating for patients, as they suffer from a dozen invisible symptoms including poor attention, difficulty keeping up with their home or work responsibilities, migraine headaches, dizziness, anxiety, insomnia, or depression. Fortunately, the program worked quite well for these patients too. More than 80 percent of them had remarkable improvements in their attention, mood, sleep, and memory, as well as in objective tests of cognitive functions. In 2020, I published these findings.3


Encouraged by these much-better-than-expected results, I wondered if our program would be equally effective for children or adults who have been struggling with ADHD symptoms. I enlisted 223 patients with ADHD, postconcussion syndrome, and memory loss, and I evaluated them with tests for verbal memory, complex attention, processing speed, and executive functioning. As with my previous groups of patients, they completed questionnaires about sleep, mood, diet, exercise, anxiety levels, and depression, and underwent objective tests for their cognitive function with standard neurocognitive evaluations at the beginning, after six weeks, and at the end of the program.


The results were just as exciting as those in my previous research.4 Again, more than 80 percent of patients who completed this program had subjective improvements in their symptoms and objective improvements in their cognitive tests.


This success wasn’t limited to adults—to my surprise, children and teens with ADHD improved as much as my program’s adult patients. Children and teens have their own issues, such as poor diets, irregular sleep patterns, anxiety, and social and academic stress. These results underlined my longtime assertion that what is good for the adult brain is good for the child brain, and even more broadly, what is good for any brain is good for every brain.


With much research under my belt and very little time off, I began to feel like I could do more if I took my message wider. I’d been seeing patients in my clinics for twelve years at this point, but with patients flying in from across the country and our clinic still booked solid seven days a week from 8:00 a.m. to 8:00 p.m., it became clear that this program had the power to help far more people than I could personally see. I realized that anyone could implement these strategies from the comfort of their home with the right tools and guidance. I could stop repeating the same advice day in and day out for patients in my program. I could put it in a book and send that book out into the world.


I made a pivotal career decision in 2023: I retired from my practice to focus on writing this book and developing an app and a course that would empower people everywhere to take charge of their cognitive health and unlock their brain’s full potential. I also continue to teach students at Johns Hopkins, George Washington University, and Harvard Medical School to educate the new generation of physicians, showing them a broader view and a more actionable perspective on the brain. I felt this could have a ripple effect through future generations of physicians and anyone who wants an invincible brain.


About This Book


This book will do for you what I did in my clinic for my patients. First, I want you to fully appreciate the intelligence you have right now by understanding how much your brain can do and what it already does for you. I will show you why we’ve been looking at the brain, intelligence, and cognitive dysfunction in the wrong way. Intelligence comes in many forms, far beyond what a mere IQ test looks at. There are endless ways humans are brilliant. Understanding that can change your mind about what you can accomplish in this life.


I want you to understand in a meaningful way how easy it is to improve your brain function and experience firsthand the remarkable difference that simple changes in your daily routine can make on your cognitive function—differences that will be undeniable. The first step in my program is to complete a series of questionnaires that uncover your strengths and weaknesses, along with a review of specific medical issues you may need to address.


The lifestyle interventions in my program include learning to exercise in a way that works for you and will have maximum impact on your brain health; advice on sleeping better, to maximize your brain’s natural cleansing process; a guide to eating for optimal brain function; lessons gleaned from cognitive behavioral therapy for changing mindset to manage stress; an easy way to replicate HRV biofeedback; guidance on brain training and memory tricks; and much more. I want you to feel the positive changes in your mood, memory, energy, concentration, processing speed, and reasoning—within weeks or months, not years.


Furthermore, what we call Alzheimer’s disease, I (and many other neurologists and neuroscientists) argue, is the result of a soup of abnormalities rather than a single disease. Dr. Alois Alzheimer, who described the presence of pebble-like “amyloid plaques” in the brains of a few of his middle-aged patients who had confusion and behavioral issues, never claimed he had discovered a disease in older adults with “senile dementia” (a once-common term seldom used today). He knew that aging, vascular issues, and strokes, along with other nonspecific age-related problems, damage and shrink the brain. We have now come to the conclusion that Alzheimer’s disease has more complex causes and simpler solutions than we once believed. I’ll explain the differences between mild cognitive impairment, dementia, vascular dementia, Parkinson’s, Lewy body dementia, actual Alzheimer’s disease, and the condition many people call Alzheimer’s disease that, in many cases, probably isn’t.


You can progress or decline, no matter where you are on that brain spectrum now—your choice. You can get sharper, quicker, and smarter, and improve your executive function and memory. Or you can let your brain go and suffer the consequences of poor circulation, compromised brain waste management, impeded blood flow, dying neurons, and cognitive dysfunction.


In part 1 of this book, we will redefine what intelligence is, assess all the ways you are more intelligent than you may realize, and look at the power of your mindset and how having a sense of purpose in life is a game changer when it comes to brain health and peak cognitive performance.


In part 2, we review the concepts of neurogenesis (the generation of new neurons) at any age and how brain plasticity works. We will take a deep sensory dive into your brain so you can see how powerful, vulnerable, and adaptable your brain is. We will examine the role of dopamine in shaping your habits and how you can learn to develop new productive habits that will shape the future of your invincible brain. We will explore how memory works and teach you fun and easy ways to improve your memory at any age, like how to memorize names, credit card numbers, and a list of twenty items, and how to remember where you parked or where you put your phone.


In part 3, we’ll explore the impact of genetics and, more important, discover how to leverage the power of epigenetics to reverse the effects of aging in your brain. We’ll explore findings from my research papers about boosting your brain performance by growing the size of your brain, and challenge the assumptions that Alzheimer’s is a single pure disease. We will explain in simple terms the nuances of the exciting new discoveries about the prevention, diagnosis, and treatment of Alzheimer’s disease in the very recent past. I’ll tell you everything you need to know about the latest Alzheimer’s biomarkers and whether or not you should take the new medications for Alzheimer’s disease, and I’ll show you why it’s just not true that an aging brain is a less capable brain. I will discuss how the health and vitality of organs below your neck are essential for the optimal functioning of your brain, and teach you how to increase the reserve in your body organs, which can ultimately help to grow and strengthen your brain.


In part 4, you will learn about my Brain Fitness Program—the same one my patients used in my clinic that resulted in such dramatic and impressive cognitive gains. You’ll create a Brain Portfolio and get a comprehensive list of tests and questionnaires to complete. You’ll assess your brain function to determine where your brain is doing well and where you might want to intervene, with guidance on maximizing your strengths and addressing the areas that could be doing better. You’ll learn about the five pillars of brain health and the most critical interventions to fast-track your brain’s invincibility. We will consider the real meaning of happiness, quality of life, and sense of purpose. What do you live for?


I’ll make the case that intelligence is knowing how to live a happy life and that building an invincible brain is worth every effort. Ultimately, you’ll not only learn how to prevent Alzheimer’s, you’ll learn how to build a brain that can withstand aging with grace and strength. You will learn how to become one notch sharper in a matter of weeks.


There is so much to learn about your brain—but even better, it’s never too late to improve your brain functions. Let’s figure out what that means for you, what you can do to make it happen, and how to start right now. No matter what you want out of the rest of your life, you’ll achieve it more easily with a brain that is bigger, faster, smarter, and practically invincible.









PART ONE


A NEW DEFINITION OF INTELLIGENCE










1



THE UNLIMITED POTENTIAL OF THE INVINCIBLE BRAIN


Do you consider yourself smart—even brilliant? Or do you secretly worry that you’re not as smart as others, and possibly losing intelligence over time? Does anxiety about losing your memory loom large in your thoughts? Perhaps you have trouble paying attention or concentrating, and you worry (or know) that you’ve got ADHD. Maybe you’ve suffered from a concussion and wonder if your brain will ever fully recover. Have you always wished you were smarter or better at a skill you admire? Maybe you’re simply getting older and forgetting names or wondering where you put your keys or why you went downstairs—you’re pretty sure you needed to get something down there—but what it is completely slipped your mind.


The mind is slippery, and the brain is mysterious. Indeed, there are still parts of the brain we don’t fully understand. However, our knowledge about what’s happening inside the human skull has improved immensely in the past three to five years, partly thanks to advances in brain imaging. Many of the mysteries about the brain have now become well-established facts, which have helped us recognize that how the brain works is essentially a factor not merely of genetics or fate but of how we live our lives and what we do every day.


The cortex—the outer layer of your brain that, like a blanket, surrounds and communicates with all other brain regions—is where your higher cognitive functions happen. Your brain’s cortex has an incredible ability to learn, change, adapt, and grow. The cortex has a thumb-sized extension, called the hippocampus, that is particularly important for learning and memory and is the most malleable part of the brain with the most growth potential.


[image: A horizontal cross-section of the brain with the outer layer labelled Cortex and the internal structure labelled Hippocampus.]


The brain is not only malleable but exquisitely personalized. Whatever you need to do to survive, thrive, and succeed, your cortex will respond, increasing your intelligence in the areas that matter to you and your life and culture. For example, if you were born and grew up in a small village somewhere in the rainforest, your cortical areas for appreciating nature, sensing the environment around you, and hunting would likely develop much better than if you were born in a big city—where you would be more in need of cortical functions for surviving in a crowded urban environment and excelling in your work. Try putting a born-and-bred New Yorker into the middle of the rainforest. That city slicker might not seem intelligent to the locals in that small village. Each type of intelligence, curated by the respective environment, is relevant and beneficial for life in that setting.


This personalization of the brain applies to everyone—will you become street-smart, book-smart, numbers-smart, nature-smart, music-smart, sports-smart, or people-smart? It all depends on how you use your brain, because the brain changes according to how we live and what we do.


Consider, for example, the case of Zohreh Etezad Saltaneh, an Iranian artist born with a congenital disability that stunted the growth of her arms and hands. You may think that because she did not have arms and hands, she would be destined to need constant help. However, she didn’t just become capable. She excelled in her tasks. She learned to cook, do chores around the house, play table tennis, and weave carpets. Using her toes to paint, she became an artist; her artwork has been shown in sixty exhibitions worldwide.1 Her abilities were not located in her arms and hands. They were located in her brain.


Usually, the parts of the cortex devoted to sensation and control of movements in the hands and fingers are much larger than the cortical territory devoted to sensation and movement of the toes, since that is what most humans need. The parts of Zohreh’s brain that were initially assigned to control her toes were small. Still, with training, they grew and flourished, and she could achieve fine motor coordination using her toes, far beyond what you or I could ever accomplish, since most of us have never heavily used that part of our brains. Meanwhile, the parts of her brain naturally assigned to operate her arms and hands most likely have shriveled since she never used them. This phenomenon has been demonstrated in animal studies that outline how cortical maps reorganize following the loss of sensory input from a body part.2


I recently witnessed this same phenomenon while watching the Paralympics. One of the athletes was an archer, Matt Stutzman, born without arms. Growing up on a farm in Iowa, he learned how to use a bow and arrow with his feet and toes. He won the gold medal for archery in the 2024 Paralympics at forty-one. Like Zohreh, the parts of his brain that control the feet and toes have expanded, giving him abilities most of us couldn’t even imagine.


I was also astounded by Ezra Frech, who has only one leg and won Paralympic gold in both the high jump and the 100-meter sprint, and Hailey Danz, who also has only one leg and learned how to ski and then to do triathlons—swimming, biking, and running her way to a gold medal in 2024. The Turkish swimmer Sevilay Öztürk has no arms, and she competed in the Paralympics in swimming. She won a bronze medal in the backstroke and competed in the butterfly and freestyle.


The brains of these and other Olympic athletes have rewired and grown throughout their adult lives to such an extent that they can perform at these impressive levels. They were not born with these talents. These are all examples of neuroplasticity, the technical term for the brain’s ability to grow, rewire, and change in response to trauma, the environment, or a person’s aspirations in life.


Your brain is no different from those of people who compete in the Olympics and persist at what they love to do. What you use grows; what you don’t use shrinks. Remember this! You can increase your brain’s size and computing power at any age and stage of life. You can form new neurons, and you can create new connections. You can build a bigger, more intelligent brain and become more adept at anything simply by training and being determined to reach your goals. If you want to be smarter at anything, practice, practice, and practice. Learning by practicing something over and over again grows your brain.3


What Is Cognition?




I often talk about cognitive skills or cognition, but what does that mean, exactly? Cognition consists of mental processes that help you acquire knowledge and make sense of the world through your experiences and senses. These higher brain functions include the ability to pay attention to certain things and not others (selective attention); exercise impulse control; switch back and forth between different thoughts or tasks (flexibility); form categories and recognize patterns; understand complex concepts such as philosophy; solve problems; engage in specific tasks like cooking, playing sports, and having conversations; and carry out such functions as processing speed, working memory, imagination, manual dexterity, and the performance of dozens of different tasks in day-to-day life. These cognitive functions arise mostly from the cortex and hippocampus, and the more you use them, the more they grow.





Take, for example, a well-known and often-cited study on London taxi drivers.4 The study examined MRIs of taxi drivers’ brains alongside a control group of individuals who did not drive taxis. The researchers found that the taxi drivers had larger hippocampal regions, and the longer they had been working in their jobs—some for twenty to thirty years—the greater their hippocampal volume, particularly in the posterior region of the hippocampus, which is important for spatial representation of the environment and learning navigational skills.


But could it be that people with larger hippocampal regions in spatial representation and navigation gravitated to becoming cabdrivers? To find out, the researchers studied a group of people who wanted to become taxi drivers. In London, to qualify to become a taxi driver, candidates must pass a difficult qualification exam that requires a four-year study of the complex layout of London’s 25,000 streets and 60,000 points of interest. The candidates must learn every street and the direction of every one-way street. It’s a tough test, and only about half the people who take it can become taxi drivers.


The researchers performed initial MRIs on the people in this group before they started their four-year course. After completing the program, the researchers conducted follow-up MRIs. In the beginning, the hippocampal volume of all the candidates was approximately the same. At the end of the four years, the people who passed the test had significant growth in the posterior part of the hippocampus. Those who studied hard grew their brains and could pass the test, while those who failed the exam had brains that revealed they probably hadn’t studied very hard. You study, and your brain grows. You don’t study, and your brain stays the same—or, depending on how you live, it might even shrink.


Researchers from Sweden studied fourteen young adults in the Swedish Armed Forces who were in a three-month program of daily intensive training in the Arabic or Russian language, so that they could serve as interpreters.5 This program resulted in language fluency in just three months. They compared this group of students to regular college students of the same age. Before-and-after MRIs showed more brain connections and significant increases in the hippocampus volume and cortical thickness of the students in the intensive language training, and no change in the regular college students.


Even something as seemingly simple as learning to juggle can grow the cortex. Researchers demonstrated this concept by taking twenty-one college students who didn’t know how to juggle and doing MRIs to look at their brains.6 After the baseline MRI, they taught the students how to juggle and had them practice for three months. When researchers did MRIs of the students after the three months had passed, they found a measurable increase in brain volume in the areas of the cortex for hand-eye coordination. When the students stopped practicing juggling, they did another MRI three months later, and their brain volume had decreased again, although not back to what it was before they learned to juggle.


Another study showed that medical students had larger hippocampal volumes after three months of intensive studying for their national board exams.7 In their case, the extra brain volume did not decrease after the board exam, likely because these medical students had to keep learning and remembering information.


Three months may sound like a short time to grow a brain enough to be measured with a brain MRI, but another study of fifteen college students showed increases in cortical volume of the motor cortex, sensory cortex, and hippocampus after just five days of learning a visual-motor task. And, on the first day of training, several hours after the first learning session, MRIs already showed increased brain volume—even one learning session caused microstructural changes in the brain. Again, brain volume decreased after students stopped doing the task, but not back to what it had been before learning the task.8 This kind of growth isn’t limited to young people. A similar study in older people showed similar brain volume increases in the areas most important for learning and memory.9


This concept of neuroplasticity can apply to other forms of learning as well. Researchers took twenty-eight subjects10 in their twenties and taught them how to balance on a platform. They trained for six days and practiced for forty-five minutes daily, learning to balance themselves. MRIs at baseline and then on training days one, three, five, and seven showed significant increases in brain volume in three cortical areas related to balance. The first hints of anatomical change were evident after only two forty-five-minute training sessions, and those who had practiced more intensely and improved more had gained more brain volume during these six days.


A similar study of fifteen college students in Japan11 who practiced the visual-motor task of mirroring image movements of the hands for five days showed increases in the cortical volume in the motor cortex, sensory cortex, and hippocampus. MRIs on the very first day, several hours after the first learning session, showed increases in brain volume. A month later, while they lost some of this extra brain volume, their brains didn’t return to baseline.


Memory is yet another cognitive skill you can improve upon at any age. Consider my friend Nelson Dellis, the six-time US Memory Champion. When his grandmother died of Alzheimer’s disease, he started to worry that he might develop it too, so he decided to do intensive memory exercises.


Eventually, he practiced four to five hours daily and became highly skilled at remembering things. He won some local competitions in the Miami area, and just one year later, he won the US Memory Championship. He memorized the order of a deck of cards in forty-five seconds—I saw it with my own eyes because I was invited to be the keynote speaker at that event.


Nelson Dellis was not a “natural” Memory Champion. He was never particularly into reading literature or language. He was a computer guy. If his grandmother had died of some other disease, he might never have cultivated the memory areas of his brain to such a degree that he would become known around the world for his formidable memory.


He has continued to compete, and his world ranking has fluctuated. Yet, in 2024, he won the USA Memory Championship again at forty. This is phenomenal, as he beat many much younger competitors who had also trained intensely. If he had done a brain MRI when he began his memory training fifteen years ago and repeated one now, we would have seen a significant boost in the size of his hippocampus.


Even after reading this chapter and learning new concepts, your brain will be slightly different structurally than before you picked up this book. The more you learn, the bigger your brain will get. If you practice remembering things, you could become a memory champion too.


Practice Makes Cortex and Hippocampus




One of the things I love the most about our brains is how easily they can change with practice, in ways you can actually see. Shown as darker shadings in the following illustrations, different combinations of cortex and hippocampus grow and become stronger and more resilient with different types of learning and challenges. With continous practice, the fiber bundles that link these brain areas also thicken and become larger, as shown in the following diagram.





[image: Four shaded cross-sections of a brain show fiber bundles connecting the Cortex and Hippocampus in different combinations.]



What Is Intelligence?


What if I told you that intelligence isn’t what you think it is? That you are smarter than you think you are? That you probably aren’t headed toward an Alzheimer’s diagnosis, or don’t have to be, even if you sometimes forget names or can’t remember why you walked into the kitchen?


What if I told you that an IQ test isn’t the absolute measure of intelligence we once thought it was? That memory, problem-solving, reasoning, logic, creativity, abilities, and even happiness are ever-changing brain functions over which you have significant control?


Neurologists and brain researchers have known for some time now that each person’s brain is unique, that people learn in different ways, and that intelligence comes in a multiplicity of forms and expressions. There are culturally accepted markers of intelligence, like professional success, advanced degrees, or a high income, but these are not, as some believe, the only signs that someone is intelligent. So you’re not good at math, logic problems stump you, you can’t do a crossword puzzle to save your life, or you never know the answers on Jeopardy!? Those are just a few forms of intelligence. Maybe you have an intuitive sense about people, know how to make people laugh, can find your way around a strange city, or can put together a fantastic meal without a recipe. Or maybe you’ve figured out how to build a life full of love and contentment, and it makes you happy. I would argue this is one of the most important kinds of intelligence! Who wants to be a physics genius who feels miserable all the time?


You must admire the intelligence potential in humans. I certainly do. Every day, I am in awe as I watch people around me—colleagues and patients, friends and family members—displaying their brilliance in interesting ways. I’m often amazed by people on TV or in the movies who take on different roles and can embody a variety of personalities. Comedians who perform in front of large audiences have an admirable talent for understanding the nuances of humor. Gymnastic or ice-skating athletes can maintain their balance and posture as they perform the most amazing maneuvers with their bodies. I am also impressed when I see someone who is blind use the tips of their fingers to read Braille or when someone who is deaf communicates through sign language.


Everyone has areas in which they are brilliant, as well as areas in which they struggle—everyone is good at something, and nobody is good at everything. Albert Einstein was brilliant but reportedly struggled with personal and professional relationships. A master chef can be brilliant, even if they can’t understand E=mc2. Someone may not know how to make boeuf bourguignon or fix a dripping faucet, but can easily detect when someone else is sad or depressed and understand how to help them reframe. Someone else may have trouble reading emotions in other people, but can figure out the most complex tax problems or have an innate sense of navigating in the wilderness. These are all forms of intelligence.


One of my pet peeves is that some people think that other folks are less intelligent than they are: “Why would anyone make such a stupid decision?” or “Why can’t these people do their job right?” or “Why can’t they see the obvious?” One person may be good at writing, another at fixing things. Someone who can handle finances may not be good at performing high-dexterity tasks, while someone who can memorize many facts may not have good people skills. We each have our unique package of cortical functions, with some things above average, thanks to our genes, parents, schooling, financial situation, and environment. We all have different childhood experiences and life exposures, so our brains develop differently because our brains are malleable. I believe intelligence is about 30 percent genetic and at least 70 percent environmental.


If only we could all learn to appreciate that we are each intelligent in our own way and be humbled by that understanding, we might all be a little more tolerant and get less frustrated when we see other people struggling with things that come easily to us. This could reduce our stress level as we interact with others, whether at work, the post office, in traffic, or even at home, dealing with family members.


Let’s broaden our definition of intelligence to empower people, especially children, to gain confidence about their unique talents and set out to challenge themselves to achieve a higher level of success in their lives. Even if you value certain types of intelligence over others (we all have intelligence bias), I hope you can see the importance of expanding the idea of intelligence to include all the many exceptional skills humans have and celebrating those.


Before you embark on this journey to strengthen your brain and fight or reverse age-related decline, it’s important to pause and assess your current baseline, not just to track progress, but also to appreciate the strengths you may not realize you have. Research shows that you are more likely to take on new challenges and succeed if you feel confident about your abilities, intelligence, and potential to learn and grow (which psychologists call self-efficacy). This is an excellent place to begin your journey. Believe in your ability to grow your brain and increase your intelligence. Celebrate your skills and those of others—even those you may not have appreciated before now.


Amazon founder Jeff Bezos said, in a 2010 speech at Princeton University,12 “When you are 80 years old, and in a quiet moment of reflection narrating for only yourself the most personal version of your life story, the telling that will be most compact and meaningful will be the series of choices you have made. . . . In the end, we are our choices. Build yourself a great story.” He is right that success in life doesn’t depend on just talents, but also on your choices and decisions. In the following pages, you will learn just how your choices can impact your intelligence and brain health in a variety of ways.


What About IQ and Other Cognitive Tests?


There is no single accurate definition for “intelligence.” Psychologists often call intelligence the ability to think logically, plan, and solve problems. In our society, we generally consider intelligent people to be those who are highly educated, have professional careers, or are financially or intellectually successful. If someone gets good grades or has a job as a professor or a scientist, they must be intelligent, right? We talk about IQ, or intelligence quotient, as the proof of intelligence.


Not so fast! The reason IQ tests are popular is that they are quantified. They are about measurable aspects of brain function but are not exhaustive. These intelligence tests focus only on intellectual abilities like problem-solving, logical thinking, and math. They come up with a single number to describe a person’s intelligence. That seems pretty reductive to me.


The original IQ test was never meant to identify the most intelligent people. The IQ test was invented in 1905 by Alfred Binet to identify children in the French public school system with cognitive challenges.13 The test measured certain aspects of cognitive functioning in children—judgment, comprehension, and reasoning—but the point was to identify children who needed help, not to champion the ones who were “the smartest.” You could say we’ve been misusing IQ tests all along.


Offshoot tests have been refined and improved over the years. Nearly a decade after the invention of the IQ test, psychologist Lewis Terman at Stanford University created the Stanford-Binet IQ test,14 which continues to be revised and updated. Many other tests have emerged to measure various aspects of intelligence. However, Binet believed his test was insufficient to determine overall intelligence. Even today most, if not all, tests developed to measure intelligence and cognition have serious limitations.


Consider why. For one thing, to create a test, you must decide what you will measure. Most cognitive and intelligence tests measure only a select number of cognitive functions. You can’t measure every possible brain function. For example, the fifth (most recent) edition of the Stanford-Binet IQ test includes just five different aspects of cognitive function: fluid reasoning, quantitative reasoning, visual-spatial reasoning, working memory, and knowledge. That may sound comprehensive, but the test doesn’t consider many other skills and talents. A variety of alternative standardized IQ tests have been developed in recent years. However, none of them can capture and measure the many different forms and combinations of intelligence any one person can possess. Because of this limitation and the broad nature of intelligence, every person could get very different scores on different IQ tests.


Another limitation is cultural bias. Tests are based on “population norms,” so people from different cultures would likely score lower, even if they are equally as or more intelligent than someone within the culture of the test. It’s virtually impossible to eliminate cultural bias from an IQ test. In our increasingly global world, this is undoubtedly problematic. Someone who is not a native English speaker or comes from a very different culture or environment may not do well on an American IQ test, even though they may be highly intelligent.


Is the answer to include more types of intelligence on these tests? Today’s popular intelligence test, called the Wechsler Intelligence Scale, is widely used to assess intelligence in children. It tests verbal comprehension, perceptual reasoning, working memory, and processing speed. But is that enough? Howard Gardner, a Harvard Graduate School of Education professor, has proposed that intelligence is more complex. He named eight types of intelligence: body-kinesthetic, linguistic, logical/math, spatial/navigational, naturalistic, musical, interpersonal, and intrapersonal. But again, are these the only categories of intelligence? I can think of a dozen more off the top of my head, from cooking intelligence to street-smart intelligence to mechanical intelligence.


For instance, many years ago, my family and I visited Costa Rica and traveled to the rainforest. Our tour guide pointed out different trees and animals. Suddenly, he stopped. “Listen carefully,” he said. “I hear a mother bird, distressed because an animal has taken her chicks.” We all listened but couldn’t hear anything beyond a general humming of nature sounds and the breeze through the trees. Our tour guide, however, seemed utterly changed, overcome with sadness. As we continued our walk, it took him a while to recover from the tragedy he felt he had just experienced. He had a special kind of intelligence—nature or sensory intelligence. He was able to do something none of the rest of us could do.


Intelligence should not be reserved for qualities that can be measured by paper-and-pencil or computer-based testing. My younger brother, Leo, teaches psychology at the University of Pittsburgh and is an expert in learning innovations (he’s also a TEDx speaker and an Ironman athlete). He once told me, during one of our lengthy conversations about the brain, “I think the current view of intelligence is highly dictated by the mentality of ‘what is measured matters,’ which is to say that people have taken a lazy approach to understanding intelligence based largely on the things they can measure . . . and since most of that measuring happens in school, it also restricts the domains of what people come to think about as examples of intelligence. It’s also a fascinating argument about the spectrum on which skills and abilities versus intelligence and talent lie. We’ve been taking a dichotomous approach to skills versus intelligence.”


As Leo observes, people have been using “intelligence” to refer to just a few ways the brain is capable. The dogma is that intelligence means being good at math, writing, and reading, which is quite limiting. There is no reason verbal fluency should be a sign of intelligence, but the ability to play the piano well should not be. The skill of woodworking, the talent for dancing, the ability to problem-solve in the moment, the ability to see how complex things work, the ability to grow a beautiful garden or navigate over a mountain are all just as valid as the ability to do math, read Shakespeare, or write a novel (or even an excellent email).


We may not assume a quarterback is as intelligent as someone with a PhD in chemistry or medieval literature, but let’s see those professors figure out how to throw a ball precisely sixty yards away to one person in a group of four or five people, with exactly the right amount of force and direction. There are three moving objects—the quarterback, the ball, and the receiver, not to mention a group of aggressive men charging at the quarterback like angry bulls. That’s an incredible skill and an impressive example of body movement intelligence. (The athlete probably makes more money than the professor too.)


Additionally, intelligence is not static—even an IQ score can change. We used to believe IQ stayed the same throughout your life, but we now know this is untrue. According to one study, learning relational skills (improving the ability to perceive connections between disparate things and find common elements) significantly raises IQ scores.15 You can improve your cognitive function in the tested areas by practicing.


I agree with my brother that there are many things you can’t measure. Emotional intelligence, social skills, a sense of humor, natural or acquired talents, and, perhaps most important, the ability to build, enjoy, and take pride in a meaningful life are each different types of intelligence.


The Value and Limits of Cognitive Tests


What about cognitive tests? These are different from intelligence tests. In neurology and neuropsychology, we often order cognitive tests to measure attention, concentration, processing speed, problem-solving, and executive function. These tests have been used for decades to assess patients with ADHD, concussion, learning disabilities, memory loss, mild cognitive impairment, or Alzheimer’s disease. A typical report provides a series of numbers, in the form of percentages, based on how a person’s cognitive functions compare to others in their age group with an equivalent education level.


Like the original IQ test, these tests were designed to detect deficits, not talents. In my neurology practice, I used these tests as a baseline to get a general idea of where my patients stood so we could see how their cognition improved after completing our brain rehabilitation program (which I will outline for you in chapter 11). I was always careful to explain to my patients that the results of their cognitive tests reflected only a minor portion of their full cognitive capacity and that we used them only to monitor their progress. Still, patients sometimes became discouraged when their brain scores were below average.


I vividly remember one of my patients, a middle-aged woman named Sue, who came to see me as her last resort. Sue had postconcussion syndrome, a constellation of symptoms that can persist long after a concussion. She was devastated by cognitive test scores from shortly after her brain injury four years earlier.


Sue had been a successful chemist at a pharmaceutical company in Maryland, but after her concussion, she had frequent migraine headaches, sensitivity to light, poor sleep, and general malaise. Her cognitive test showed many of her brain functions were below the 30th percentile for her age. She was especially alarmed when she saw that her executive function score (reflecting her ability to plan, decide, and get things done) was ranked at the bottom 1 percent for her age. Because of these scores, Sue lost all confidence in her ability to handle complex problems and had given up on pursuing her career goals.


After I talked with her about the concept of neuroplasticity and how I was certain she could improve, Sue agreed to start our program and indeed gained remarkable improvements in her cognitive performance. Within twelve weeks, she felt much better, and her cognitive scores rose—to 70 percent for her executive function, and 99 percent for her processing speed! She regained her confidence.


She had spent four years worrying about something she could repair and improve in twelve weeks. She believed that she was doomed to have poor brain function for the rest of her life. She was wrong. She had tears in her eyes when she returned to her job and discovered she could perform her tasks just as well as she had done before her postconcussion syndrome. She was just as intelligent as she had been before.


I cannot overemphasize the adverse psychological effect that can result when a doctor tells a patient, without context or nuance, that their cognitive test scores are poor. They may give up, get depressed, and stop trying to improve their brain function or even enjoy life. When you cease using your brain, it degenerates just like a muscle would, so giving up can reduce your function even more. Instead, you can regain that function and beyond with confidence and a plan. The gains I’ve seen in people who were told they had permanent brain deficits are incredible. Your brain has a built-in healing kit, and your mindset and lifestyle can support or thwart your ability to recover and improve.


People who aren’t happy with their brain performance need to know that how your brain works today does not indicate how it will work next month, next year, or in five years or ten. You can get faster, smarter, and better at whatever it is you want to do, starting right now.


And even though you can continually improve at anything you decide to work at, there are also many ways in which you are already quite intelligent. Read on to discover exactly what those ways are.
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YOU ARE SMARTER THAN YOU THINK YOU ARE


I bet you’re good at something. I bet you’re good at a lot of things. Nobody is good at everything, but everybody is good at something. Where you excel is where your unique intelligence lies, and it is highly individual.


Forget your grades or what anyone else has told you about your intelligence, and ask yourself what you excel at. No matter what an IQ test might indicate, what score you received on your SATs, or how smart you felt in school or at a job you didn’t enjoy, I want you to begin appreciating your unique areas of intelligence. I invite you to look at a list of various types of intelligence I have outlined below. Reflect on each one and rate yourself from 1 to 10 for each type, with 1 being “I’m not good at this at all,” 5 being “I’m probably average at this,” and 10 being “Hey, I’m brilliant at this!”


This may feel challenging. Many of my patients struggle to see where they are skilled or where they are intelligent. Try to be honest with yourself here. This is not the time to be self-deprecating or humble. It’s the time to recognize and consciously admit to your talents! If you feel you can’t do this, go through this list with a friend or family member to get their opinion on where you rank on each item, then return the favor and help them assess their different types of intelligence too.


This exercise aims to show you where you are naturally intelligent so you can refine and sharpen those areas, and/or to show you where you might want to work to bring up your score. You may not care that you aren’t naturally musical, but you might like to get better at doing math in your head. What areas make you think, “I want to be better at this”? Because you can be. No matter how smart you are in any number of areas now, with the program in this book, you will be more intelligent in other areas too, in three months, after which you can go through this list again.



Thirty Types of Intelligence


This list isn’t comprehensive, and there is overlap between some of the types of intelligence listed here; just as every part of the brain is connected, different types of intelligence are connected and can’t be completely isolated. You can probably think of other types of intelligence you could add to this list—go ahead and make this list longer if you are so inspired. This is just a start to help you appreciate the complexity and range of your own talents. Let’s assess where you, from your admittedly subjective perspective, stand right now. Read the following list and track your score on the form at the end of this chapter.


SCORE FROM 1 TO 10


Emotional intelligence: Are you good at assessing your emotions and behaviors? Are you able to express your feelings appropriately and helpfully? Do you use your emotions to get along better with others, or do your emotions use you? People with emotional intelligence can perceive emotions in themselves and others, interpret emotions, and use emotions to communicate better.


Social intelligence: Can you adapt easily to a new social environment? Do you get along with most people? Can you have an interesting conversation with just about everyone? Related to emotional intelligence, social intelligence is the ability to understand and get along with all kinds of people, with an awareness of the emotions and intentions of others.


Intrapersonal intelligence: Do you examine your role or reactions when something terrible happens? When you detect problems in your reactions or behavior, do you seek to improve yourself rather than blame others? As opposed to interpersonal or social intelligence, intrapersonal intelligence is the ability to have insight about your own feelings, thoughts, biases, and skills.


Logical/analytical intelligence: Are you good at problem-solving? Do you love to test a reasonable hypothesis? Can you reason out problems with logic and set aside emotions? Are you fascinated by science? This is the ability to identify the components of a complex issue, see how the parts fit together, and think of practical solutions.


Street-smart intelligence: Do you adapt easily to novel environments? Do you see the big picture in a way that makes solutions evident to you? Do you sense when a situation is safe or dangerous? Are you coolheaded in an emergency? This is the ability to solve problems and reason out conflicts. It’s a valuable survival instinct to figure out how to get out of difficult situations and even profit from them.


Body movement intelligence: Are you a natural at sports, or at one particular sport? Are you good at dancing, yoga, gymnastics, or racket sports? Do you dream of doing one of those obstacle course or elaborate dance competitions on television? This is the ability to move your body in space in an extraordinary fashion, in significant ways, and with fine motor coordination or dexterity.


Book-smart intelligence: Do you always have the right words and an extensive vocabulary? Do people say things to you like, “Well said!” or “I couldn’t have said it better!”? Is it easy for you to express yourself? This is the ability to understand and express complex thoughts in written or spoken words.


Numerical intelligence: Is math easy and fun for you? Can you do math problems in your head? Do you remember numbers with little effort? This is the ability to understand and manipulate numbers easily. Some people have an affinity for numbers, percentages, probabilities, savings, and interest rates, or like to memorize number sequences.


Foreign-language intelligence: Do you quickly understand how to use a language with some basic learning before you travel somewhere? Can you speak more than one language fluently? Do you find it fun to try to learn new languages or read in other languages? Some people learn different languages with little effort, while it can feel virtually impossible for others, especially as adults.


Persuasive intelligence: Were you good at debate in school? Do people often come around to your point of view after you talk to them about it? Does your mind easily come up with methods of persuasion? Do people tell you that you should be a lawyer? Persuasive intelligence is the ability to convince others of your point of view or to argue effectively for any opinion, whether or not you agree.


Memory intelligence: Do you easily remember what happened in the past, people’s names, phone numbers, details of books you read, names of actors in movies, models and makes of cars, or anything else, general or specific? Some people with memory intelligence have photographic memories or can remember details of events and conversations from long ago, but some people can’t remember what they did yesterday. However, it is important to remember that memory intelligence, like any other form of intelligence, can be significantly improved with practice and training (see chapter 6).


Sensory/intuitive intelligence: Do you get a feeling about people? Do you notice every little change to an environment? Do you often detect odors, sounds, or minute details others miss? Can you pick up on the mood of a group? Do you often guess accurately about what is going to happen? This is the ability to sense subtle cues in your environment or people and to have an inner knowing about what is happening.
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