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In memory of Simon Marshall, who taught me that the brain is so much more than its component parts




Preface

Most neuroscience books begin with a grand statement about the awesome power and wisdom of the human brain. This one begins with owls, who are nearly as wise but look way more fetching in a pair of spectacles.

Back in the 1980s and ’90s, a group of neuroscientists at Stanford University studied the way the brain adapts to new information by doing exactly that: fitting barn owls with glasses. These glasses weren’t just stylish avian accessories, though; the lenses of these glasses contained prisms. Because prisms redirect light, the glasses made the viewer (the owl) think that everything around it was in a different place from where it actually was.

Imagine for a second that you’re an owl. Your eyes are fixed in your skull so the only way to look around is to move your whole head. An enterprising neuroscientist has attached some prism glasses to your face, so now everything you see is shifted slightly to one side. You hear what you think is a tasty mouse rustling in the leaves, but when you turn your head, there’s nothing there. Because of the glasses there’s suddenly a mismatch in your brain between your ears and eyes. Much to your consternation, where you hear something is not where you see it.

Just like humans, owls have to know where they are in the world in order to survive. So, their brains build internal maps of how they expect the world to be arranged. The Stanford group found that owls wearing prism glasses could rewire their internal maps of the world so that everything eventually aligned again. Once this realignment happened, the owls were able to account for the visual discrepancy. This is all thanks to the phenomenon of neuroplasticity—the brain’s ability to change its structure and functioning in response to new information.

Initially, this team of owl optometrists found something that probably won’t surprise you: while young owls adapted very quickly to the glasses, adult owls did not.1 Even months later, adult animals would still miss that pesky mouse even if it was right under their beak. If I stopped right there, my arcane owl story would support a pervasive notion of how we think about our brains—that at some point we become the proverbial old dogs unable to learn new tricks. That, at a certain age, we lack the ability to meaningfully change or improve our brains. After all, neuroplasticity is for kids (or baby owls), right? And the only thing the rest of us can look forward to is an unstoppable process of decline as we increasingly forget names, faces, and where our tasty mouse dinner is. But luckily, the story doesn’t end there.

Another decade of work by these nocturnal raptor enthusiasts sets the stage for us to completely change the way we think about the adult brain. While the blank canvas of a young brain continuously absorbs new information and wires itself accordingly, it wasn’t that adult owl brains couldn’t adapt—they just needed a good reason to.

This was beautifully demonstrated in a series of experiments that I think every brain buff should know about. In the initial experiments the owls were fed dead mice, meaning that they could sit in their cages wondering why the world looked a bit weird but otherwise happily snacking on a dinner that came without any effort. If this isn’t a perfect metaphor for modern human life, I don’t know what is. But then the scientists switched things up. In one follow-up experiment, owls wearing glasses were forced to hunt live mice for dinner.2 Surprisingly, their adult brains proved able to adapt to the visual shift just fine. Yet another experiment showed that adaptation could occur much later in life when owls were housed with other birds rather than being on their own in a cage with no social interaction. The takeaway is that adult brains are able to adapt and rewire themselves regardless of age, but to do so requires us to actually engage with the world—either socially or with challenges (like finding dinner) that tell our brains they need to change.

Having dropped this owl-shaped bombshell, it’s probably important to let you know that adult neuroplasticity isn’t just for birds. It turns out that neuroscientists have been performing similar experiments with humans for more than a hundred years.3 For example, in the early twentieth century, researchers at the University of Innsbruck in Austria made adult study participants continuously wear goggles that flipped their vision upside down. Impressively, their brains adapted to this new orientation within just a few days:


Between the first and third day, the world was upside down for the participant … the participant held a cup upside down when it was about to be filled, or they tried to step over things on the ceiling. Swift reactions, such as parrying an attack during fencing, were in the wrong direction. By the fifth day, the participant’s clumsiness and vision started to change. Things that had been seen upside down suddenly were upright once the participant traced the shapes they saw with their hands—an immense effort of the brain [emphasis mine]. From the sixth day of uninterruptedly wearing reversing spectacles, permanent upright vision ensued, and behaviour was perfectly correct. For example, a participant drew a picture in a quality as if drawn without wearing reversing spectacles.4



I’m still amazed every time I read this passage, because it provides such a vivid example of how incredibly adaptable the brain is—even the adult brain. In this experiment, the participant’s brain rewired itself as they interacted with the world in various engaging ways—fencing, drawing, walking around—getting constant feedback and making mistakes. Luckily, you don’t have to wear world-altering glasses to stimulate neuroplasticity. As you’ll see, learning new skills or taking on new challenges that stimulate new connections is one of the most important ways we can change our brains as adults. And these changes are possible at any time in our adult lives.

As an adult, you’ve already spent years or decades engaging your brain with your own individual environment, and your brain has responded and developed accordingly. This is a good thing. We want our brains to be optimised for our environment, which allows us to hone our skills at work and to develop relationships with people who are important to us. The accumulated shaping of our brains over time is also partly what drives beneficial characteristics such as wisdom—the ability to see larger patterns and integrate experience and information—which increases as we get older. But one consequence of having already shaped our brains in adulthood is that in order to make new pathways and further engage the process of neuroplasticity, we need to give our brains a compelling reason to do so. This generally involves time and focus as well as effort, all of which are ways that we convince the brain that these new connections or skills are important to us. Though not always easy, the recipe for changing and improving the adult brain may be relatively simple. As Michael S. Brainard and Eric I. Knudsen of the famed owl experiments put it, if we want to drive neuroplasticity and adaptation in the human brain, “a rich environment is required to reveal the full capacity for adjustment.”

In short, what we thought we knew about the adult brain being fixed and then inevitably declining over time is almost certainly wrong. And the good news is: if we change the way we think about our brains and what we expect of our lives as we age, we’re capable of so much more than we previously imagined.




Introduction

Visions of a Future-proof Brain

The ultimate goal of this book is to help you develop a healthy brain that has better function not only now but also in the future, while being resilient to the everyday stressors we all face (figure 1). In other words, I hope to help you make your brain future-proof. This process is largely grounded in factors such as nutrition, sleep, physical exercise, and stimulating our brains by engaging with others and the world around us. By appropriately using and supporting our brains we can increase our cognitive function today, thrive in a complex and unknowable future environment, and dramatically decrease our long-term risk of Alzheimer’s disease and dementia.1

In my mind, a future-proof brain is one that is able to deal with the current and future challenges that our brains face:


	Staying sharp and focused in a world of information overload that demands instant response times and 24/7 workloads, which cause us to feel increasingly fatigued, stressed, and distracted.

	Avoiding or minimising the risk of long-term cognitive decline and Alzheimer’s disease, which are becoming more common as the population ages.

	Being prepared to perform well and develop new skills as technology and other advances in the modern world change the way we interact with our workplaces and environments.



In the short term, having a future-proof brain might help you to think better and perform under pressure, or when sleep-deprived. Not that this is necessarily encouraged—I can be pretty cranky when I’m short on sleep, no matter how many tips and tricks I employ. But stress and lost sleep are going to happen, and we should be able to handle them when they do. In the long term, a future-proof brain can maintain more of its function with age, hopefully avoiding the significant loss of day-to-day cognitive function we call dementia.

[image: A future-proof brain has better focus and cognitive function today and when tired or stressed and a lower risk of dementia. A bar chart displays the cognitive function of the brain during different conditions, and a line chart displays the lower risk of dementia in a future-proof brain.]
FIGURE 1. What to expect from a future-proof brain. Left: this graph shows your cognitive function at any given moment in time. When you then add stress or illness or sleep deprivation, cognitive function drops. With the future-proofing methods described in this book, your brain is more resilient and capable of maintaining higher levels of function even under these types of stress. Right: here you can see changes in cognitive function with age. As you might expect, on average, cognitive function decreases over time (solid lines). Different people have different trajectories, and some will end up with enough loss of function that they are diagnosed with dementia such as Alzheimer’s disease (shaded area). In a future-proofed brain (dotted lines), cognitive function is increased at every age, and though the effect of age cannot be completely prevented, this higher line means that the likelihood of ever being diagnosed with dementia is decreased.

If this all sounds too good to be true, you’re not alone. My own path to realising we have huge capacity to alter our cognitive fortunes was a decades-long journey that began with some (hopefully) unforgettable words from my father: “Remember, this doesn’t mean you actually know anything.”

It was the summer of 2003, and I had just learned my A-level results would allow me to attend Cambridge University for my undergraduate degree. My initial youthful pride was quickly tempered by these words from my dad—a world-renowned scientist in his own right—and they have remained indelibly burned into my mind ever since. And though it felt a little like an affront at the time, I now know that this was sage and important advice. Not only did I go on to discover that getting an A on a biology exam as a teenager requires only a limited understanding of the true complexities of biology, there is also a much more important lesson in these words that relates to the nature of knowledge itself; that no matter how successful we are or how smart we think we are, we shouldn’t delude ourselves into thinking that we have all the answers. While today’s social media environment, science journalists, and celebrity health podcasters often have us believing otherwise, we can never be certain of very much when it comes to human biology. In fact, one well-used phrase suggests that “there is no such thing as proof in biology.” We can build evidence and use that evidence to develop a framework to help us understand the world, but at any given moment we’re just one well-designed experiment (or one well-phrased question) away from having to completely reevaluate the way we see the world.

AN EARLY CAREER OF TWISTS AND TURNS

As an undergraduate at Cambridge, my time outside of lectures was split evenly between writing essays and rowing. I spent countless hours each morning training before sunrise in every type of weather imaginable, followed by long afternoons and evenings at my desk writing thousands of words about the regulation of biological pathways. And while I promise not to make you read thousands of words about the regulation of biological pathways (or make you get up early to go rowing in the rain), these experiences were particularly formative for me in at least two ways.

The first is that the endless essay writing changed the way I thought about accumulating knowledge. And yes, I know that sounds a bit haughty and intellectual. But what I mean is that we often think and learn about science, especially in biology and medicine, as a large collection of facts to be memorised. But when you have to write three thousand words about a single enzyme, you’re forced to think about how that enzyme is regulated, its inputs and outputs, and how it fits into the bigger picture of a cell and a whole organism. Some of the tensions we experience as a society when we talk about science, health, and indeed our brains, come from losing sight of that interconnected bigger picture.

Outside of the purely academic pursuit of knowledge, my experiences in rowing, first as an athlete and then as a coach, were equally transformative. Rowing is such a cultural phenomenon at Oxford and Cambridge (lovingly contracted to Oxbridge) that something like 50 percent of students who attend either institution get in a rowing boat at least once. At Oxbridge, rowing is also a way of life. Most of the rowing competitions are internal (both universities are split into multiple small universities who compete against one another), yet the top crews will train for twenty hours a week. These are some of the best rowers in the world, with crews often featuring numerous former and future Olympians and World Champions.

In my second year at Cambridge, I joined the university’s development squad, which was a programme that took inexperienced rowers like me to see if they could be trained up to join one of the top crews. For two years, I was lucky enough to have some of the best rowing coaches invest huge amounts of time trying to teach me how to row better. I got to train with (and watch) some of the best rowers of my generation. And while this didn’t turn me into a top rower myself—not through a lack of effort on their part or mine—it allowed me to develop a large tool kit of potential ways to help others improve their technique and fitness.

Seeing how some of the best coaches and rowers in the world approached performance allowed me to begin developing my own framework as a coach, which I have continued to develop as a consultant to professional athletes. It’s not just a matter of thinking about all the minutiae of health and fitness, but understanding that they interact and have to be addressed in an approachable and practical manner tailored to the individual. When I was head coach of the Oxford medical school boat club, one of our best rowers, who had regularly competed internationally, told me that I was the only amateur coach she’d ever had whose coaching she “didn’t hate.” To this day I think that’s one of the nicest compliments I’ve ever received.

Even before I became a coach, the influence of my rowing experiences as an undergraduate played a large role in my decision to go to medical school. In particular, I was motivated by the desire to apply the complex biochemistry and physiology I had learned in a practical manner. When asked why I wanted to be a doctor, I told my interviewers that I had developed a deep personal interest in how lifestyle factors such as exercise could dramatically improve health, and I wanted to bring that information to my future patients. While this answer was good enough to earn me a place as a medical student, I later learned that most doctors don’t have the time or space to impact their patients in this way. Not that they don’t want to; it’s just not how the system is set up.

Doctors do, of course, have a massive impact, and I saw that every day as a resident doctor in central London. I spent two years mending broken bones, treating drug overdoses, and experiencing the final moments of patients suffering from dementia. Sometimes I still miss night shifts as a doctor on the medical wards. On those shifts you are an integral part of a small team, and all your time is spent doing what you’re trained for—keeping people alive. As humans, one of our core needs is to feel useful. In those moments, I felt confident that what I was doing really mattered.

But as my two-year training period in London came to an end, I was faced with a dilemma. I didn’t really know what type of medicine I wanted to specialise in, and I also felt disconnected from my interests in lifestyle and disease prevention that had gotten me interested in medicine in the first place. While I struggled to decide what to do next, a former mentor offered me the opportunity to do a PhD in neonatal neuroscience in Norway. Though it was a fairly substantial detour from where I thought I was heading at the time, this unexpected offer provided me the opportunity to develop my skills as a scientist, gave me the time and tools to build my career as a coach and educator, and informed my perspective about how the brain can be shaped and supported across the entire lifespan. All of those experiences are critical to the information in this book. (Though, if I’m completely honest, I moved to Norway because it sounded interesting and I wasn’t sure what I should do instead.)

NEUROSCIENCE UNDER THE MACROSCOPE

Because I come from an academic family, many people have said that I was always destined to be a professor of some kind. But as you can maybe see, I never planned to be a neuroscientist. And having come to neuroscience the long way, in many ways I’m not a very typical neuroscientist.

Like any decent neuroscientist, I was trained to dissect cells and pathways in order to better understand the inner workings of the brain. I can reel off the biochemistry of neurotransmitters and the esoteric names of the regions in the brain where those neurotransmitters act. I can tell you how those neurotransmitters drive signaling processes that are linked to whether you feel motivated or focused. And I can do it in such an authoritative way that you’d believe I’m an expert in a field with a complete grasp of how the brain works. But you won’t often find me doing that. Not because this information isn’t important but because it can be easy to get stuck in the weeds, when it’s the bigger picture of how we use our brains and live our lives that determines our long-term cognitive function.

To date, generations of diligent neuroscientists have cataloged huge volumes of information by delving deeper and deeper into the brain—first its cells, then the proteins and organelles of the cells, and later how individual cells control gene expression and function. But despite this, we’re sadly not much closer to understanding, curing, or preventing the wide range of brain-related conditions that affect nearly half of the world’s population.2 As a result, I’m increasingly convinced that our current approach isn’t working as well as we’d hope.

I’m not here to tell you that I have solved this problem and miraculously discovered the hidden secrets of neuroscience. But I am confident that we (both individually and as a species) can have much more of an impact on brain health and disease than perhaps we realise. The difference is mainly in perspective—and, more importantly, in where we choose to intervene.

Like most scientific fields, modern neuroscience has an ever-increasing suite of amazing tools with which to perform experiments and gather information. These have allowed us to zoom deeper and deeper into the inner workings of the brain to try to understand its components in elaborate detail. However, despite all these tools at my disposal, and having now spent two decades as a (neuro)scientist, doctor, and performance coach to athletes, there is still only one thing about the brain that I am completely certain of: its function is more than the sum of its parts.

If we want to truly understand the brain and how to keep it healthy for decades to come, we need to zoom out rather than in. When you do that, one consistent theme that underpins everything in this book becomes clear: The brain is a product of the environment.

This is good news. If the brain is a product of your environment and your environment is something that can be changed, that means that your long-term cognitive function is ultimately malleable. Even better, by zooming out we can often bypass a large amount of conflicting, and oftentimes confusing, information about the brain’s inner workings to find a framework that helps us understand where best to act when it comes to our own individual brain health. And even if the model of how I think about the brain turns out to be wrong someday, I’m confident that the evidence-based approaches I will provide aren’t going to change anytime soon. This is largely because they’ve been battle-tested for decades by me and others and are grounded in the very basics of biology, some of which we’ve known for centuries.

APPLYING SCIENCE IN THE REAL WORLD

When I say that the approaches and ideas outlined in this book are battle-tested, I mean that they were built using a combination of rigorous science and years of application that included a lot of failure, growth, and learning. While a good grounding in the theory of biochemistry and physiology is important for anybody working in the fields related to human health, you don’t really know what you know until those ideas have either succeeded or failed in the real world.

For my entire career, I’ve spent half my time performing carefully controlled experiments in the lab as a scientist—I’m currently an associate professor of paediatrics and neuroscience at the University of Washington, where my research focuses on brain health across the lifespan—and the other half applying knowledge and theories in the much messier arena of the real world as a doctor and a coach.

During my PhD studies, I remained committed to the idea that simple lifestyle changes could have a big impact on health, so I started a blog and a podcast. I know everybody has a podcast now, but back then it was still relatively novel. My goal was to provide practical, evidence-based approaches for improving health, with less of the mudslinging and tribalism that has only seemed to increase over time. Somewhere on a dusty hard drive there’s a series of podcasts I recorded called Everybody’s Right About …, in which I talked about the evidence for multiple sides of nutrition topics. The premise was that it’s hard to say that something is “good” or “bad” because people on either side of the argument each have evidence to support their opinion. These discussions are interesting to a professional nerd like me but can be confusing and frustrating to most other people. Though we often have to accept that there will be some nuance, and each person’s path will look a little different, my goal has always been to provide some clarity for people navigating contentious or complex topics to better support their health and well-being.

Soon after starting this foray into science communication, I connected with the founder of a start-up company working with athletes to support their long-term performance. Many of these athletes were trying to train and compete while managing chronic health issues. With a new outlet for my enthusiasm for these topics, I bombarded the company’s doctor and health coaches with multiple daily emails on a variety of topics related to biochemistry, physiology, nutrition, and health and performance in general. Eventually, they invited me to join the company as their chief scientist, which, looking back, might have just been an attempt to stop me from sending so many emails.

I continued my work as a health and performance coach during my PhD studies in Norway and then my early years as an academic in the United States. Nowadays, most of my performance-related work is as head scientist for motorsport for a company called Hintsa Performance that provides medical and coaching services to Formula 1 drivers. For those not familiar with it, Formula 1 is considered by many to be the pinnacle of car racing, where the best engineers, tacticians, and drivers in the world come together to point multimillion-dollar cars at brick walls at two hundred miles an hour.

In Formula 1, as well as other work I do outside the lab like consulting with large digital health companies, my primary role is to be a translator and integrator of scientific research. Take, for instance, one of my standout memories in Formula 1, when a driver asked to meet me for dinner during the U.S. Grand Prix in Austin. He had recently watched a nutrition “documentary” (a word I use very loosely in this context) and had some questions. Like, a lot of questions. He showed up with a small pad full of notes and proceeded to grill me for the best part of three hours while we enjoyed a delicious meal. My job was to help him separate fact from fiction and figure out what (if anything) was relevant to him. This is the core of my work as a coach and consultant: helping athletes decide whether a new supplement or piece of technology is worth integrating into their routine, as well as working with companies to develop health frameworks that are relevant to thousands of people.

As a result, over the past two decades, I’ve done everything under the vast umbrella of coaching. With my own athletes, that includes writing training plans, running training sessions, and preparing post-workout protein shakes. As a health coach to people struggling with a variety of chronic health conditions, I’ve written diet and sleep plans and interpreted vast reams of complex health data they’ve sent me from laboratory tests and wearables (while disregarding low-quality data and tests that are often sold to people desperately looking to improve their health). As a performance consultant in professional sports, I’ve been responsible for tweaks to diet, lifestyle, and supplementation strategies in a world where fractions of a second can literally cost millions of dollars. In most of these scenarios, I worked as part of a (sometimes very large) team. But in each case, I had to put my money where my mouth was and take responsibility when my idea failed. And every time that happened, I’ve had to adapt and expand my thinking in order to incorporate this new piece of information. As a result, I’ve been lucky to have experiences that many typical scientists are missing. That’s definitely not through any fault of their own, though. I meandered through multiple potential careers and had a much slower career progression because of it. To this day, when people read my CV, the first thing they tell me is that it’s “eclectic.”

But in my opinion, the practical experience of applying scientific knowledge to the lives of real people is where my greatest learning has happened. As proud as I am of my formal academic accomplishments, it is the chances to fail, learn, and solve problems that have ultimately shaped the stories and ideas in this book. These experiences helped me turn a lot of theory and science into an overarching idea for how we can think about the complex underpinnings of brain function while keeping things simple enough for us to intervene and change it in a beneficial and practical way.

In part 1 of The Stimulated Mind, I will draw heavily from my experiences as a professor and neuroscientist. These are the lessons that come from decades spent performing experiments in the lab and analysing data. I will cover some of the history behind how and why we think about the brain the way we do, and how that’s holding us back in the face of an ever-increasing burden of cognitive and mental health disorders. These issues include the downsides of trying to break the brain down into its individual components, as well as critical assumptions we’ve made about the brain in order to tell a simple story about cognitive decline that doesn’t completely fit the data. I will then cover some of my favourite science that shows just how much the brain is capable of if we broaden our scope and move away from traditional ways of thinking about neuroscience.

In part 2, I will outline all the major modifiable components of the environment that contribute to brain health and cognitive function. Though still grounded in the latest cutting-edge science, part 2 will draw heavily from my experiences as a coach in the world of sports helping individuals navigate the multiple daily choices they face when thinking about ways to improve their health and performance. In this part, I will provide simple but powerful frameworks to help you support your short- and long-term brain health and function through skill learning, social connection, stress management, sleep, exercise, and nutrition.

In part 3, I will zoom out to show you how the components in part 2 fit together and interact in my model for brain health and function, leveraging some of the problem-solving approaches I learned working with engineers as a trainee physician and academic. This model will then provide the basis for understanding how to improve focus and learn better on a day-to-day basis, as well as for thinking about how to approach our brains as we age. By appreciating that the brain is much more than the sum of its parts, and can only be understood based on its environment, you can emerge empowered with the knowledge to future-proof your brain for decades to come.




Part One



CAN A NEUROSCIENTIST UNDERSTAND THE BRAIN?




CHAPTER 1

Baby Neuroscientist’s First Reality Check

I can still vividly remember the first time I had to completely reevaluate the landscape of my work in neuroscience. This happened just over a decade after first hearing my dad’s reminder of how little we all truly know. My journey in between involved a fair amount of luck and indecision, but also an ever-increasing curiosity about how to understand and impact human health.

It was now the summer of 2014. I was just nine months into my PhD studies when I attended a scientific conference with some of the biggest names in my new field. While I’d made early inroads into at least two other careers (medicine and athletic performance coaching), I knew very little about cutting-edge neuroscience.

On the first day of the conference, we heard a talk that referenced a scientific paper with the catchy title “1,026 Experimental Treatments in Acute Stroke.”1 The essence of the paper is this: At the time it was written (now more than twenty years ago), there were over a thousand treatments that could dramatically decrease the injury caused by a stroke. In rats. But none of these treatments, with the exception of thrombolysis (clot busting), which has been used in humans since the 1950s, have improved outcomes in human stroke patients.

For days afterwards, I couldn’t get this study out of my head. If decades of research and billions of dollars had been invested in the search for better stroke treatments, and literally nothing that worked in the lab had successfully worked in humans, why should we expect the next decades and next billion dollars to have a different result?

This situation is unfortunately not unique to strokes. When it comes to almost every brain injury or neurodegenerative condition, the last major breakthrough in treatment occurred several decades ago. Or, in the case of age-related cognitive decline and dementias such as Alzheimer’s disease, no breakthrough has occurred at all. During the conference, I couldn’t shake the feeling that there was something missing in how we research the brain as we look for ways to treat or support it. And since that day, there is one question that I have continued to reflect on as I’ve built my career as a professor and neuroscientist: What if we’re thinking about the brain all wrong?

THE CURRENT STATE OF THE BRAIN

Before we delve into a little neuroscience to understand what we do and don’t know about the brain, and how that applies to our own brains, I think it would be useful to start with a discussion of brain health. Because ultimately, that’s what we are all striving to improve.

Most simply, a healthy brain is one that performs the (cognitive) functions you want, at the time you want it to perform them.

Obviously, my simple definition of brain health has to be applied within the reality of our individual experiences. For example, as much as I would love for my brain to suddenly allow me to clear a dance floor with jaw-dropping breakdancing moves, that’s not going to happen. Anyone who has seen me strut my stuff at an after-hours neuroscience conference disco will gladly attest as much. But, as somebody who has lived and worked in many countries, I might reasonably expect my brain to understand and speak one of the languages I’ve learned, even when I’m under pressure or haven’t slept well.

Brain health, therefore, is incredibly personal. What I want my brain to do could be very different from what you want yours to do, especially as we age. As we’ll see later, this information can help us tailor the skills and tasks we engage our brains in. Of course, there are also common functions that we all want our brains to perform: remember day-to-day occurrences and conversations, sustain focus on specific tasks that are important to us, process a wide range of information, and make decisions in a calm and timely manner. Luckily, the factors that help us achieve our individual goals of brain health and cognition also support these more general components of daily brain function.

There’s one final piece to my definition of a healthy brain that’s critically important—the element of time. In addition to supporting our cognitive function right now, I believe a healthy brain should be as future-proof as possible. This means minimising the effects of ageing on the brain and making sure we’re able to function in, and adapt to, unknown future situations for decades to come. Unfortunately, at least right now, that’s not necessarily the future that our brains can expect.

It’s undeniable that we as a society appear to be at a critical moment when it comes to our collective mental and cognitive health. Everywhere we look, it seems that our brains are increasingly under duress. The sheer volume of information we’re expected to handle—unthinkable to previous generations—keeps increasing, and we’re fracturing our attention by moving from one cognitive task to another much more frequently than we did even twenty years ago.2 Among the generations who grew up with smartphones and social media as part of their daily lives, more women are receiving prescriptions of antidepressant medications than ever before, and men have a higher-than-ever risk of dying by suicide.3 At the same time, one in nine American adults over forty-five says they’ve noticed worsening cognitive function, and more than one in ten adults over sixty-five has dementia.4 In the next fifteen to twenty years, the burden of dementia is expected to at least double, if not triple, worldwide, becoming either the first or second most common cause of death in most high-income countries by 2040.5

Phew. Deep breath.

When contemplating statistics like these, it’s not surprising that the default feeling is one of helplessness. In the face of this palpable sense that our brains are collectively struggling, we then layer on a coating of inevitability. We assume that there’s nothing we can do to change the state or trajectory of our brain health, and that decline is unavoidable. But, while not all these issues have simple solutions, and we should never pretend that’s the case, there’s plenty of evidence to suggest that these statistics can be a call to action rather than a reason to despair.

Perhaps because we believe there’s nothing we can do to help or change its fate, the brain often doesn’t get the attention it should. Even those of us who are interested in reading books about health tend to focus externally, and mostly below the neck. This is partly because we’ve been taught to think that the way we look in the mirror is a direct expression of our overall health (which is often not true at all), and partly because the brain remains a mystery, its skills and functionality hard to decipher and measure.

The story of how our brains function (or not) as they age is a familiar one. Early in life, our cognitive potential seems limitless. We marvel at the ability of children to learn languages and the remarkable capacity of the adolescent brain to effortlessly master an ever-increasing suite of complex modern technology. Looking back at your own young brain, you’ll no doubt fondly remember a time when you were blessed with sharp wits and instant recall. Back then, you were the proverbial young owl from the preface—able to immediately adapt to the strange new world you saw through prism glasses.

Fast-forward to the present day, though, and you tell yourself that you just can’t learn or focus like you used to. Everything “upstairs” feels like much more of a struggle. It may even seem like you’re doomed to experience an unending, unstoppable, unforgiving road to cognitive decline and dementia. And if you ever take time to ponder what you can do about all this, it’s usually to worry about how you’re making it worse—a few more brain cells killed every time you have a bad night of sleep or drink a few too many cocktails (figure 1).

It amazes and saddens me to think that we’ve passed the first quarter of the twenty-first century and still have this fixed (and slightly morbid) view of how our brain function will change over time. On almost a daily basis I talk to scientists, physicians, science journalists, clients, and members of the public who believe we have very little control over our cognitive faculties, especially later in life. But what if I told you that this story we tell ourselves is more fiction than fact? The truth is that, while cognitive function does tend to change over time, and we can’t prevent the ageing process entirely, our brains are able to adapt and improve at almost any age, as long as we give them the tools and the environment to do so.

But if we’re going to have the lofty yet achievable goal of developing and maintaining a future-proof brain, we need a strategy for how to achieve that. My personal strategy is to think about building what economist Art De Vany calls headroom. Simply defined, headroom is the total amount of function that we have available to us when we really need it. It’s the buffer that we rely on to help us resist the forces of ageing over time.

[image: A line chart displays that as a person ages, there is an unstoppable decline in their cognitive function due to job stress, too many cocktails and poor sleep, eventually leading to dementia.]
FIGURE 1. How we think brain function changes with age.

Take, for example, strength. On any given day, most of us might need to be able to pick up ten to twenty-five pounds in each hand—for instance, to carry shopping from the car. But if a total of fifty pounds was the most you ever picked up, trying to lift more than that when your friend asks you to help move some furniture might cause issues. At best, it would be very hard, and at worst, you might experience an injury. Perhaps, though, after reading this book, you start lifting weights at the gym and work your way up to being able to pick one hundred pounds up off the floor (with good form, of course). Unsurprisingly, the shopping now feels lighter, and you have no problem helping that same friend move their furniture.

That difference between the function you need on a day-to-day basis and the maximum that you’re truly capable of is your headroom. By building headroom, we’re able to function better during those inevitable times when we need to tap into extra reserves, such as when we’re stressed or sleep-deprived. And even if we lose some function later in life, we still have more capacity left over because we had a bigger buffer to start with.

When it comes to the brain, there are several scientific concepts that make up what I think of as cognitive headroom. These include cognitive reserve, brain reserve (sometimes called brain maintenance), and cognitive resilience.6 Cognitive reserve is a measure of our total cognitive capacity—how well our brains can function when performing at their best—as well as how much function we can lose as we age before we suffer from significant cognitive impairment or get diagnosed with dementia. Brain reserve is the same idea, but more related to the structure of the brain itself and how much brain you have in your skull—more is usually better, and as we age, we want to preserve as much brain size as possible. Cognitive resilience is your brain’s ability to tolerate the accumulation of damage over time without function being affected.

Some people have likened cognitive reserve to the software of the brain—the quality of the computer programs  that our brains are trying to run.7 Brain reserve is the hardware—the number of processors and the amount of memory we have to run the software. Cognitive resilience is the redundancy in our computer system—the additional circuit boards and processors that allow the software to run even if the hardware gets a little dusty with age. While these are all distinct theoretical properties of the brain, and people can have very different levels of each,8 they all contribute to the bigger idea of headroom—an overarching neurobiological buffer that can help counter the natural processes of ageing, allowing the brain to adapt and maintain optimal cognitive function for as long as possible.

One of the main reasons that I think we can distill multiple concepts of reserve and resilience into the idea of headroom is that the lifestyle factors that improve one tend to improve the others as well. For example, as you’ll see in part 2, cognitive and physical activities can improve both the structure and functioning of the brain (reserve), while increasing resilience to processes of ageing. So, while a scientist might measure different properties of the brain and call them resilience or reserve, when it comes to what we care about—our brain “computer” switching on and performing quickly and efficiently—ensuring we have the right inputs to the system is what really matters. Maintaining these critical inputs requires my third “R” of headroom, resolve: shedding the expectation of cognitive decline with age and instead committing to lifelong engagement in activities that produce resilience and reserve.

By building headroom, we can ensure that significant cognitive decline and dementia are not inevitable. Better yet, every one of us has the ability to dramatically improve our brain health and cognitive function today by doing things that are simple and enjoyable. And most importantly, it’s never too late to start (figure 2). However, there’s a fair amount of work to be done to develop that brain buffer. Not just the individual work of engaging with activities that support brain health, but also the collective work of undoing the idea that the ageing brain will inevitably decline over time—an idea that has been baked into our consciousness for more than a century.

[image: A line chart displays that as a person ages, the cognitive function peaks and then falls. Building headroom when younger and older will decrease the decline of cognitive function significantly.]
FIGURE 2. The many paths of brain function. Whatever trajectory we’re currently on and whatever age we currently are, the brain is able to increase function and slow the rate of change over time. This is done by building headroom, for instance, through cognitive activity (early life education is one way to build headroom when we’re younger) or physical activity (which improves cognitive function and slows decline even when we’re older).

HUMANS DON’T HAVE AN EXPIRATION DATE

As we all face an increasing uncertainty about how our brains will function in the future, it is more critical than ever to understand how we can improve and support our brain health and cognition. Our environment and the way we live our lives has changed so rapidly that our brains and our physiology have sometimes struggled to keep up. As a result, there is often a big difference between how the human brain has evolved to function and the ways we currently live our lives. This is a phenomenon that biologists call mismatch, and it underlies many of the issues that our brains experience today.

One of the best examples of a mismatch is retirement. Since the days of the Roman Empire, many civilizations have had pensions to support people who had served in the military.9 But only since the late nineteenth century has retirement become a consistent feature of working life. This shift is often credited to the world-renowned physician Sir William Osler, whose ideas helped to make retirement acceptable to society in the early twentieth century.10 Because he was a professor of medicine at Oxford University until his death in 1919, many of my memories at medical school are Osler-themed. Osler House is both a physical building specifically for Oxford medical students and the name of the society that oversees their extracurricular activities. I studied for medical school exams in Osler House, played for the Osler House football and rugby clubs, and was head coach of the Osler House Boat Club. Having this connection to Osler makes me feel a bit better about blaming him for one of the worst ideas the human brain ever encountered.

In a 1905 valedictorian address at Johns Hopkins University, Osler said that retirement was necessary because workers were “useless” after the age of sixty. While the health of the average industrialised sixty-year-old probably wasn’t great in 1905 (average life expectancy in the United States at this time was around fifty years),11 Osler’s proclamation has permeated so deeply into society that we still believe it more than a century later.

Even if we think we deserve a nice break after a long career, the human body and brain were never meant to retire. This doesn’t mean you should have to work forever, though, because there are lots of other fantastic things for your brain to do. But the idea that older people are no longer useful goes completely against our evolutionary history.

Humans are one of the few species who live for several decades after their reproductive years. For a long time, this was thought to be a quirk of biology, but studies of less industrialised populations show that older members of society have incredibly active roles—and are generally very healthy—right up until their deaths in their seventies and eighties.12 In fact, it’s very likely that evolution selected for genes associated with living a long time because healthy grandparents can support the survival of their children, grandchildren, and community by acting as teachers and providers. For example, a group of scientists from Harvard analysed data from modern hunter-gatherer groups and found that grandparents were at least as active as parents, often hunting and gathering for several hours per day. Older adults in those societies who were in their seventies and eighties were still three times more physically active every day than the average U.S. adult is at any age.

When we place a body and brain that evolved to be extremely active for several decades into the modern (work) environment, we encounter a problem. Our biology expects activity—engagement of both our brains and our bodies with the people and world around us—as a signal to maintain health and function. When we remove that activity, for instance by retiring, function declines as a result. In fact, the loss of the cognitive and social stimulus our brains get from the work environment is probably why retirement is often the point at which cognitive decline accelerates.13

In addition to the idea of retirement, potential mismatches exist across many aspects of our daily lives, from our food and physical activity to our sleep, social environment, and interaction with modern technology. Despite all this, however, there is cause for significant hope. A huge amount of research, including my own, shows that simple changes to our daily lives can be leveraged to decrease these mismatches. The downstream effects of decreasing mismatch include reduced dementia risk, which in some cases might be prevented entirely, as well as improvements in daily focus, cognitive function, and mood.

To do that, though, we must rewrite Osler’s story about our inevitable decline into uselessness as we get older. Because one big driver of cognitive decline seems to be our own expectations. Over time, we expect less and less of ourselves because we think our ageing brains are no longer capable of what they once were. We therefore use our brains less or offload difficult tasks to technology or other people. As we do less, the brain responds by decreasing its own capacity. After all, why would the body invest energy and resources into something that isn’t being used? As a result, cognitive function starts to decrease, and the cycle of decline starts. The brain, though, is exactly like a muscle; the more we exercise it, the stronger it becomes and the better it works, regardless of how old we are. Reframing what we expect from our brains therefore sets the scene for them to be healthy and happy in the long term.

I’ll admit that I don’t expect you to take my word for it right away. If you’re like most people, you will have thought to yourself—maybe even very recently—that your brain doesn’t work as well as it used to, that you’re “too old” to try to do a certain activity, or that you just can’t learn or take in information like you did when you were younger. Those statements may very well be true right now, but that doesn’t have to be the end of the story. In reality, each one of us can improve our brain health at any age.

At this point, you might be wondering where the disconnect is. If we’re experiencing an ever-increasing burden of issues with our cognitive function but there’s a significant body of evidence to suggest that this doesn’t need to be the case, why aren’t we more aware of it? As we’ll see, a lot of this seems to stem from the way that scientists have historically studied the brain, as well as the struggles we’ve faced when trying to fully understand our brains in all their complex, unique, and slightly unpredictable glory.




CHAPTER 2

How Do Neuroscientists Study the Brain?

If the promise of this book is improved cognitive function and decreased long-term risk of dementia, the first question we need to ask is “What do we really know about how the brain works?”

The short answer to that question is: not that much. To be fair, researching and understanding the brain is exceptionally hard. While significant advances will continue for decades to come, rapidly accelerated by advances in computing and AI, it’s very likely that we’ll never fully understand the mysteries of the human brain.

At the time of writing, scientists have only just fully mapped the fly brain and begun to figure out how many thousands of different types of cells there are in rodent brains.1 For example, a huge recent project led by the Allen Institute for Brain Science in Seattle, in partnership with Princeton and Baylor—involving more than a hundred scientists and costing over $100 million—fully mapped out all the connections in just one small part (about 0.2 percent) of the mouse brain. This map included more than two hundred thousand cells and 0.5 billion connections between those cells, requiring two million gigabytes of hard drive space to store the data.2 Scaling this kind of work up to the entire human brain, which is a thousand times larger and much more complex, is currently unfathomable. And that’s just mapping the cells of the brain, let alone figuring out what all those cells are actually doing.

There’s a famous poem by physicist Emerson Pugh that seems appropriate here:


If the human brain were so simple

That we could understand it,

We would be so simple

That we couldn’t.



In other words, the human brain is essentially so complex that even such a complex organ cannot fully understand itself. And it’s the sheer scale of the problem of trying to understand the human brain that has created a big gap between what we expect of our brains and the reality of our ability to influence our own cognitive function as we age. Much of this boils down to the approach that scientists have historically taken when they’ve studied the brain. While important in many ways, this approach has left us focusing on cells and proteins while underestimating the magic that happens when a brain exists in an environment that challenges and supports it.

REDUCTIONISM

To counteract the vast complexity of human biology and health, we have become increasingly focused on isolating individual components of the system to understand the whole. This approach is called reductionism and is common across scientific fields, from physics to neuroscience. In the lab, we isolate, inhibit, or remove individual components of a biochemical pathway or function of a cell to see what happens. And because that’s not something we can readily do in humans, we do it in animals such as rodents or worms. But while lots of interesting information has been gleaned using this approach, the failure rate when it comes to using that information to improve human health is incredibly high.

During my PhD, I studied cooling as a treatment for babies with a type of brain injury called hypoxic-ischemic encephalopathy (HIE). HIE is caused when a problem during birth results in too little blood flow and oxygen reaching the baby’s brain. Sometimes we know the cause—such as the umbilical cord being wrapped around the baby’s neck—but most of the time we don’t know exactly what happened. After birth, these babies are immediately cooled down for three days, which increases the likelihood that they will survive and live without a significant disability. Cooling for babies with HIE was a major breakthrough when it became the standard of care in 2010 and, as of right now, is perhaps the most recent significant breakthrough in treatment for any neurological condition.3

Despite its success, cooling works much better in the lab than it does in babies. To try to understand why, I once did a study looking at data from three years of experiments in a rat model of HIE. With this large dataset, I could explore factors that are hard to study in a single experiment. For example, we found that male animals experienced less benefit from cooling treatment. This result was not necessarily surprising. Biological sex can change how brain cells respond to injury, and we know there are sex differences in the risk for multiple neurological conditions—including Alzheimer’s disease, where around twice as many women are affected as men.4

What worried me, though, was that there were people who read my study and suggested that human male babies with HIE would not benefit from cooling. While I’m confident this finding was real in rats, it felt like a stretch to suggest that around half of all patients wouldn’t benefit from a therapy that had been successful in multiple clinical trials. So I gathered all the patient data from every large hypothermia trial to date to see whether males and females had different outcomes from cooling treatment. They did not.5

This doesn’t mean that the biology of sex isn’t important—or that related issues, such as hormone levels, don’t affect our long-term brain health. It is, and they do. But in this particular example, my own reductionist studies in the lab weren’t relevant to humans and just generated confusion, even amongst experts. This is frequently the case when it comes to neuroscience research. It’s also why almost every article published in the news about a mouse study will probably never be useful to you personally, and why we have to be incredibly careful when trying to extrapolate what we see in the lab to people out in the real world.

CAN A BIOLOGIST FIX A BROKEN RADIO?

One of my favourite papers is an essay that perfectly summarises the problems with a reductionist approach to biology. In this essay, Professor Yuri Lazebnik imagines scientists using these same principles to fix a broken radio:6


First, we would obtain a large supply of functioning radios to dissect. We would open the radios and find objects of various shape, colour, and size. Because the objects would vary in colour, we would investigate whether changing the colours affects the radio’s performance. We would then remove components one at a time and catalogue them. Once all the components are cataloged, the connections between them described, and the consequences of removing each component or their combinations documented, this will be the time to ask: “Can the information that we accumulated help us to repair the radio?” If the radio has tunable components, such as those in all live cells and organisms, the outcome will not be promising. Indeed, the radio may not work because several components are not tuned properly, which is not reflected in their appearance or their connections. [Lightly edited for clarity and brevity.]7



This essay still makes me chuckle because I can absolutely imagine neuroscientists gleefully changing the colours of neurons to see if it changes their function. But the broader message really speaks to the downside of a component-based approach to studying disease, particularly when we become overly focused on the metaphorical transistors and capacitors. It leads us to think that the accumulation of one type of protein in the brain causes most cases of dementia, a deficiency in one neurotransmitter causes depression, or that we can isolate some of the metabolites released during exercise and turn them into a pill so that we never have to go jogging again. Sadly (or not, depending on your feelings about jogging), none of these things are ever likely to be true. When it comes to the brain, at least, the full picture is always going to be a lot more complicated than that.8

Reading Professor Lazebnik’s essay made me think back to my experiences of neuroscience in medical school, which mainly involved feelings of intense boredom as I stared down a microscope at slides of brains taken from people with different neurological diseases. I think my general lack of excitement stemmed from the fact that it was hard for me to connect these thin slices of long-dead brain to the fabulously complex (and very alive) organ and person they came from. I know this is an issue that many neuroscientists struggle with, but a lot of it stems from how the field came to be in the first place.

A (VERY) BRIEF HISTORY OF THE BIRTH OF NEUROSCIENCE

Many consider Santiago Ramón y Cajal to be the first neuroscientist. In the late 1880s, new methods for processing brain tissue allowed Cajal to look into a microscope and discover that the nervous system was not one homogeneous mass, as was previously thought, but was in fact made up of individual cells—later called neurons.9 The human brain has something approaching one hundred billion neurons, which communicate via nearly one quadrillion (1,000,000,000,000,000) connections called synapses to control your muscles and allow you to think and sense the world around you.10 Cajal’s discovery led to an explosion of research focused on understanding the components of the brain, primarily by looking at them under a microscope. In 1906, Cajal shared a Nobel Prize with Camillo Golgi “in recognition of their work on the structure of the nervous system.” By interesting coincidence, 1906 is also the year Alzheimer’s disease was first described.

A SLIGHTLY LESS BRIEF HISTORY OF ALZHEIMER’S DISEASE

Because Alzheimer’s disease is the most common cause of dementia, most of us have heard of it and likely have a feeling of anxiety just reading about it. However, I think it will be helpful to pause and dig into what we mean when we talk about it. Dementia has many causes but generally involves a chronic, irreversible decline in cognitive function that ends up significantly impacting an individual’s ability to perform routine tasks and care for themselves. Of the more than 150 million people worldwide projected to have dementia by 2050, around two-thirds will be diagnosed with Alzheimer’s disease.11 This is why Alzheimer’s has become such a large focus of research and source of fear.

Alois Alzheimer was a German psychiatrist and neuropathologist who, alongside his mentor Emil Kraepelin, helped to establish the field of biological psychiatry in the early 1900s. At the time, psychiatry focused largely on psychoanalysis. But whereas Freud wanted to delve into your sexual fantasies to figure out what was wrong with you, Alzheimer felt that mental health disorders originated from specific biological processes in the brain that could be identified and studied. In 1906, the main tool he had to do this with was the microscope. What Alzheimer saw the first time he examined the brain of a dementia patient after death—a woman named Auguste Deter—started a century-long reductionist approach to dementia that has completely dominated the way we think about the brain as it gets older.

Auguste Deter was a German housewife admitted to an asylum in Frankfurt by her husband at the age of fifty-one after she became increasingly forgetful and paranoid. Alzheimer was her psychiatrist for five years before she passed away. Though the cause was unknown at the time, and is in fact still hotly debated,12 Auguste Deter suffered from some form of early-onset dementia. Dementia is considered early-onset (sometimes called young-onset or presenile dementia) when the individual is under sixty-five years old at the time of diagnosis. In the absence of clear causes like long-term excessive alcohol intake or repeated head injury, the most common cause of early-onset dementia is Alzheimer’s disease.

I must admit that Alzheimer’s disease itself can quickly become confusing, even for those of us with intact cognitive function. This is because there are two versions of Alzheimer’s disease, which I would argue are quite different. Early-onset Alzheimer’s disease is usually caused by one of a handful of genetic mutations but only accounts for around 1 percent of all cases.13 Those affected by early-onset Alzheimer’s due to one of these genetic mutations can start to be affected as early as their thirties and experience a fairly predictable decline in cognitive function.

The remaining 99 percent of cases of Alzheimer’s disease are what we now call either late-onset (because it happens after sixty-five years old) or sporadic (because it isn’t caused by a single genetic mutation). This is what most of us picture when we think about Alzheimer’s disease. The late-onset version of the disease usually occurs in adults in their seventies and older, is much less predictable, and—though genes do play a role—appears to be tightly linked to modifiable factors in our lifestyles and the environment.

Though two forms of the disease are now recognised, early-onset dementia, like that experienced by Auguste Deter, is what Alzheimer studied. When examining sections of her brain under the microscope after she died, Alzheimer noted “tangles that eventually replace the perished cells” and abundant “miliary foci.”14 These miliary foci (called that because they look like a small pile of millet seeds under the microscope) were what we now know to be amyloid plaques. Amyloid plaques are deposits of a protein called amyloid beta (Aβ), which accumulates in small clumps throughout the brains of individuals with Alzheimer’s disease, but also those with other neurological conditions. In fact, amyloid plaques were first described in the brains of patients with epilepsy.15 Amyloid plaques are still a bit of a mystery but tend to accumulate when neurons age or get stressed or injured.

The tangles that Alzheimer described were abnormal strands of tau, a protein that helps to maintain the structure of cells. As neurons have long arms (called axons) that extend out to communicate with other neurons, proteins like tau are important to hold the shape and stability of those arms. Just like the bicep muscles on your arms help you lift and pull objects, tau protein helps stabilise and guide the arms of the neuron. However, when neurons become injured, these tau proteins can become tangled up, looking like long strands of frayed rope inside the cell. Alzheimer’s disease is one of several tauopathies where some kind of injury or disease process causes tau to become tangled up. Another tauopathy you might have heard of is chronic traumatic encephalopathy (CTE), which results from repeated head impacts or concussions.16

The combination of amyloid plaques and tau tangles seen by Alzheimer set the scene for the dominant idea of what causes Alzheimer’s disease—the amyloid cascade hypothesis (ACH). The proposed mechanism of the ACH is relatively simple: triggered by genetics, the environment, or some other unknown factor, amyloid beta builds up in the brain and clumps together to form plaques. The brain responds by activating inflammation and stress pathways that help to clear the offender, just like the body would for an infection or a splinter. But because these amyloid plaques can’t be killed by the immune system or removed with a pair of tweezers, they start to cause even more problems. In this case, the ACH suggests that neurons become even more stressed and injured by the plaques and inflammation around them, causing the tau inside the neuron to become tangled up. As a result, the neurons eventually die, with the patient experiencing increasing cognitive decline as this happens.17 However, though it provides an elegant explanation that helps us to understand two complex diseases, it’s still not clear that reducing all of Alzheimer’s disease down to just amyloid and tau will provide the insight and treatment breakthroughs we hope for.

A CASE BECOMES A DISEASE

After his work with Auguste Deter, Alzheimer described three additional patients who suffered from similar symptoms and whose brains looked similar under the microscope. Despite this, recent retellings of the story suggest that Alzheimer himself wasn’t particularly convinced that these patients all suffered from the same disease. Instead, it was his mentor Kraepelin who grouped the cases together to define “Alzheimer’s disease” in a textbook, describing it as a “peculiar” and severe form of dementia that begins early in life.18

It’s interesting to note that, after some extensive detective work, it was determined that Auguste Deter may not have suffered from Alzheimer’s disease at all. In 2013, a group took tissue from some of Alzheimer’s original slides of Deter’s brain and reported that she had a mutation in the presenilin 1 gene, which is one of the gene mutations known to cause early-onset Alzheimer’s.19 However, a second group tried to confirm the results a year later and couldn’t detect any mutations related to early-onset Alzheimer’s disease at all.20 Deter also didn’t carry the apolipoprotein E4 gene, which is the most important genetic risk factor for late-onset Alzheimer’s disease.21 While the cause of her dementia therefore isn’t known, some have suggested that she might have suffered from syphilis, which can cause accumulation of amyloid plaques in the brain in a pattern that looks a lot like Alzheimer’s disease.22 It’s even possible that Deter instead suffered from depression or some other mental health condition caused by the effects of the stress and isolation associated with the life she lived as a downtrodden housewife, which were then made much worse by being placed in an asylum.23

Regardless of its origins, you might be wondering how Alzheimer’s work with a small collection of unusual dementia cases led to his name being used to refer to the common form of dementia that we all fear today. For decades after the publication of Kraepelin’s textbook, Alzheimer’s disease referred only to early-onset dementia and was relatively rare. Back then, what we now call late-onset Alzheimer’s disease was called age-related or senile dementia. The word senile originally meant a process related to the general declines in function associated with ageing but eventually became code for dementia itself—I’m sure you’ve heard or said that somebody is “going senile” as a reference to their declining cognitive function.

Around 1960, some classic reductionism started to take hold of dementia research. Under the microscope, the brains of patients with early-onset Alzheimer’s disease and age-related dementia look very similar, with both tending to have accumulation of amyloid plaques and tau tangles. This gave researchers a target—amyloid—that could drive research funding and drug development. Though there were many other differences, the connection to amyloid resulted in the two diseases both being grouped under the umbrella of Alzheimer’s disease.

In 2011, the scope of amyloid research was expanded even further with the concept of preclinical Alzheimer’s disease. Saying something is preclinical means that the disease process has started, but the patient doesn’t have symptoms yet. A good example is heart disease, where atherosclerotic plaque builds up in the walls of the arteries years before a heart attack (when those arteries become completely blocked) occurs.

The idea of preclinical Alzheimer’s disease was almost identical to the idea of heart disease, with the accumulation of amyloid in the brain over decades thought to eventually trigger dementia. However, while damage to the walls of coronary arteries is associated with only one condition, many other conditions can cause amyloid to accumulate in the brain, such as epilepsy, syphilis (thankfully now relatively rare), and brain trauma. It’s also possible to have a large amount of amyloid in the brain without having dementia. A large study by a group in Austria that used data from nearly four thousand patients across the United States, the UK, Europe, and Japan found that, on average, 30 percent of people who were cognitively normal when they died had a level of pathology in their brains that made it look as if they had Alzheimer’s disease, despite having no evidence of cognitive decline.24 A similar study spearheaded by a team at the University of Washington found that 70 percent of older adults in their late seventies to early nineties will have some Alzheimer’s-type pathology in their brains, even if they have normal cognitive function.25

In addition to this discrepancy between how brains look and how they perform, some of the original research studies that were used to support the ACH have since been discredited or withdrawn due to manipulation or fabrication of data.26 This doesn’t mean that amyloid isn’t an important part of the biology of Alzheimer’s disease, but an increasing number of studies show that most people with dementia—even those diagnosed with Alzheimer’s disease—have multiple pathologies that don’t fit the amyloid cascade hypothesis. This suggests that Alzheimer’s is not a disease we can tie to a single protein.27 And though amyloid and tau are clearly related to ageing and cognitive decline in some way, there’s more to it than how the brain looks under a microscope. Much of this discrepancy is potentially explained by the factors, such as resilience, that come together in my idea of headroom and are potentially modifiable with lifestyle factors.

While early-onset Alzheimer’s disease is driven by genetic mutations that increase the accumulation of amyloid plaques, late-onset Alzheimer’s disease has a huge number of interacting genetic, environmental, and modifiable lifestyle-related risk factors that may or may not have anything to do with amyloid.28 As a result, each patient experiences different cognitive issues over time—so much so that there is a common phrase amongst neurologists who work with individuals with Alzheimer’s disease:

“If you’ve seen one patient with Alzheimer’s, you’ve seen one patient with Alzheimer’s.”

THE RADIO IS STILL BROKEN

At this point, you might be wondering whether all this talk of amyloid is getting us anywhere, either in the search for a treatment for Alzheimer’s disease or in terms of a practical takeaway from this chapter. If I’m completely honest, I’m not yet sure about either. But if we’re interested in brain health and cognitive function, I think it’s useful to know about the history of the field to help us think about an alternative approach that does give me a lot of hope.

Thousands of scientific papers and hundreds of books could be filled—and have been—with discussions around whether or not a reductionist approach is going to help us make significant inroads into the prevention or treatment of late-onset Alzheimer’s disease. Though it does play a role, amyloid is likely just one part of a much bigger picture. For example, a 2023 analysis of data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) in the United States showed that there is no amount of amyloid that distinguishes the brain of somebody who does or does not have cognitive impairment;29 you can have a lot of amyloid in your brain and normal cognitive function, or dementia with only a small amount of amyloid. For that reason, only 20 percent of a composite cognitive function score was predicted by the amount of amyloid that somebody had on a brain scan. The upshot of this is that at least 80 percent of cognitive function must be related to other factors.

Until recently, decades of clinical trials of drugs targeting amyloid have also failed to show any benefit in either form of Alzheimer’s disease, despite clearing large amounts of amyloid from the brain.30 More recent therapies show evidence of slowing the rate of cognitive decline by just over 25 percent in individuals with Alzheimer’s disease, but they come with a high risk of side effects and it’s unclear whether they benefit patients in a way that will change their lives meaningfully on a day-to-day basis.31 It’s not my job to adjudicate whether these therapies are worthwhile for a given individual, and this book is not about the treatment of dementia. I also sincerely hope that these therapies continue to improve over time so that more treatment options are available to those suffering from dementia. However, when thinking about the long-term trajectory of cognitive function, the main takeaway is this: multiple lines of evidence show that the amount of amyloid in our brains might only determine 20–25 percent of our cognitive function and rate of cognitive decline.

If the brain of an individual with Alzheimer’s disease is Lazebnik’s metaphorical broken radio, a reductionist focus on amyloid has maybe brought back some of the sound, but the volume is still low, and it’s hard to enjoy the music because there’s still a lot of static. Luckily, as we’ll see, most factors related to age-related dementia and cognitive decline—regardless of whether they increase amyloid accumulation in the brain—appear to be modifiable, and many of these are driven by variables that we have control over.32




CHAPTER 3

In Search of the Bigger Picture

If the story of amyloid and Alzheimer’s disease leaves you feeling a little dissatisfied, you’re not alone. I sometimes feel that way too. The truth is that when we take out our microscopes to look at the brains of people who had dementia, we still don’t really know exactly how much the different cells and proteins we see are related to the symptoms and function that person experienced. But that doesn’t mean that we don’t know how to support improving brain function for people lucky enough to still be alive.

To continue our comparison of the brain to inanimate objects, I’m going to switch gears from radios to cars. Unlike a radio, but just like a car, your brain has a lot of moving parts. As you drive your car to and from work, to and from the supermarket, and to and from kids’ soccer games and dogs’ vet appointments, various parts of your car accumulate wear and tear. And to minimise the long-term effects of that wear and tear, you need to regularly do some basic vehicle maintenance. The brain is the same.

Imagine that amyloid is rust, and your brain is your car. Rust doesn’t just suddenly appear—it’s usually a sign that environmental conditions or lack of maintenance have started to take their toll. So, if you wanted to prevent rust, you might think about ways to make sure your car is protected from the elements and serviced regularly. Poor sleep, diet, and environmental exposures like air pollution all seem to be associated with the amount of amyloid in the brain.1 At the same time, if you drive your car enough, a little rust is inevitable, without necessarily affecting the overall driving performance. Without proper maintenance, though, there are lots of ways that a car can stop working that have nothing to do with rust—fluid pumps can fail, electrical wiring can become disconnected, and tyres can become misaligned. Again, the brain is the same. There are lots of factors that improve cognitive function and are associated with a lower risk of dementia but don’t seem to consistently affect amyloid levels in the brain, like exercise and cognitive activity.2 So if we only worry about rust, we might miss the bigger picture of what’s needed to keep our car on the road.

The twist here is that your brain is its own mechanic, and the way we use our brains directs the processes of maintenance. At the cellular level, stimulating our brains through exercise and engaging with the environment activates the basic housekeeping pathways that keep the brain functioning at its best.3 This includes processes such as autophagy, in which junky proteins and other cell components that get damaged are broken down and recycled. Impaired autophagy is one of the hallmarks of ageing—the collection of biological mechanisms that seem to drive the ageing process in all animals.4 Other hallmarks of ageing include chronic inflammation, impaired energy production, and DNA damage, many of which are related to a loss of maintenance or function that can be offset by continuing to stimulate our bodies and brains.

Though we need to infer some of this information from animal studies because it’s hard to measure in humans, cognitive and physical activity help to keep your brain’s mechanics motivated, directing their maintenance efforts toward the areas of the brain you need for everyday functions as well as any unique abilities you want to develop and keep. By activating a brain area or network for a specific task—for instance, learning a musical instrument—our cellular mechanics then work on the parts of the brain that were actively used, doing their repairs accordingly to keep those areas in tip-top shape.

In many ways, it’s not just that using our brains has an anti-ageing effect; it’s that not using them seems to be pro-ageing. The hallmarks of ageing are essentially different ways in which the processes that support the function of our organs and cells stop working. The fact that these processes are tied to activity makes a lot of sense because our daily engagement in the world is what tells our brain that it still has a role to play and that it is worth investing the time and effort to maintain itself. If, on the other hand, we stop giving the brain those inputs, it thinks those functions aren’t needed anymore. Our brains then stop maintaining themselves, and their function deteriorates.5 We see this idea clearly reflected in the mismatch of retirement, which several studies suggest can accelerate cognitive decline.6 Collecting your gold watch and enjoying long days in your favourite chair doesn’t suddenly result in a huge accumulation of amyloid in the brain. Instead, it’s the removal of the complex cognitive stimuli we get from our work and interacting with our colleagues that stops our brain continuing to make regular repairs. And as a result, our brains become less and less roadworthy.

WHAT BRAINS ARE MADE OF

Understanding now that we need to move beyond overly simplistic ideas of reductionism to understand how to build and maintain the best possible brain, we need to think about what brains are designed to do. But before we get to that, I have a little more neuroscience for you. To know what brains can do, we have to know what they’re made of. And so far, we—this book as well as most neuroscientists—have tended to ignore many of the critical components that make up our brains. However, each of these components will become important as we begin to understand how we can change our brain function, today and in the future.

If you’re in the habit of thinking about neuroscience (and maybe also if you aren’t), the word itself might conjure up thoughts of neurons. After all, neuro is right there in the name. Often referred to as the fundamental units of the nervous system, neurons are responsible for transmitting information throughout the body as electrical and chemical signals. As I mentioned briefly before, each neuron has an axon—a long arm-like projection that carries signals to communicate with other neurons, muscles, or organs. Each neuron has many dendrites—branched extensions like fingers that send and receive signals. This communication happens at synapses, where neurotransmitters are released from one neuron and bind to receptors on the next neuron to continue the flow of information. At any given time, every neuron in your brain is integrating multiple signals from a large number of other neurons in order to decide what to do. These neurons then contribute their decisions and actions to brain-wide networks that allow you to perform complex tasks like seeing, speaking, and making decisions.

Even if you’re only loosely familiar with the very basics of neuroscience, the idea of how neurons function may be familiar. But ever since Cajal first described the neuron, there have been those who felt that neuroscience is too neuron-centric. As both amyloid and tau are produced by or accumulate in neurons, the reductionist focus on these specific proteins has also made us think that cognitive function and dementia are specifically related to neurons. But, as you’re already starting to appreciate, this is probably not the complete picture.

I already mentioned that Cajal shared his Nobel Prize with another scientist named Camillo Golgi. Cajal and Golgi were such fierce scientific rivals that they refused to give their Nobel acceptance speeches on the same day (neuroscience feuds are no joke). The main disagreement between them revolved around how the nervous system was organised. In contrast to Cajal’s focus on neurons, Golgi felt that the brain should be considered a reticulum—an interconnected network of cells that functions as one. Golgi also felt that more prominence should be given to the other cells in the brain: the glia.

In the epic battle of Cajal versus Golgi, Cajal largely won out. This is why you might never have heard the word glia. Cajal’s dominance over the early development of the field is also why glia have only recently become more of a focus in neuroscience research. Though the exact estimates have changed over time, we now know that there are nearly as many glia in the human brain as there are neurons.7 Named after the Greek word for “glue,” glial cells include many different cell types whose only real similarity to one another is the fact that they are not neurons. And as the name suggests, it was originally thought that glia just formed the glue of the nervous system that allowed the neurons to do all the hard work.

Broadly speaking, there are three main types of glial cells: astroglia (more commonly called astrocytes), microglia, and oligodendroglia (also called oligodendrocytes). When you consider all the glia and then add the extensive network of blood vessels in the brain, neurons make up, at most, 50 percent of the cells in the brain. So, while Cajal was correct about the nature of neurons, later research has confirmed that the brain functions much more similarly to Golgi’s model of an interconnected network, where glia should be considered at least as important as neurons.

Have you ever been part of a team where you did a ton of hard work, only for somebody else to take all the credit? That’s how I imagine glial cells feel pretty much all the time.

ASTROCYTES

In our car analogy where neurons are the engine, astrocytes are the lines and pumps that bring in fuel, cool the engine, and wash the windows. Named after the huge number of projections that make them look like stars (astro coming from the Ancient Greek for star, and cyte meaning cell), astrocytes regulate fluid flow through the brain, coordinate sleep and responses to injury, and direct the supply of energy to neurons.8 Astrocytes are also directly involved in the brain’s electrical signaling, including responses to external inputs and regulating attention and memory formation.9 In humans, a single astrocyte can communicate with up to two million neuronal synapses at a time!10

The flow of fluid regulated by astrocytes is critically important for waste clearance during sleep, constantly making sure there isn’t a build-up of proteins or other molecules that might negatively affect brain function. In fact, one reason brain trauma (like a concussion) is thought to increase the risk of dementia is because of impaired astrocyte function. This decreases waste clearance and impairs sleep, memory formation, and the brain’s energy supply. Therefore, when we think about brain health, cognitive function, and the risk and onset of dementia, astrocytes play a critical role.

OLIGODENDROCYTES

As you may have noticed, Greek has a bit of a monopoly on the naming of cells in the brain. In this case, oligo means “few” and dendro means “branch.” So oligodendrocytes are cells with a few branches. Oligodendrocytes are your car’s wiring. If you want an electrical signal to go from one place to another—turning on the lights, tuning the radio to blast nineties hip-hop (maybe that’s just me), or even turning the car on in the first place—this is the job of oligodendrocytes. They do this by forming a sheath (called myelin) that surrounds the axons of certain neurons. This sheath allows electrical signals to be transmitted long distances quickly and efficiently.

Though you probably didn’t realise it, it’s oligodendrocytes that gave us one of the phrases we frequently use to describe the brain—grey matter. If you were to cut a brain open in cross-section, the wrinkly outer portion (and some of the bit right in the middle) is the “grey matter.” In reality, it’s more of a fleshy pinkish-grey sludge-like colour, but that’s a lot less catchy. The grey matter is grey because of the absence of the fatty myelin sheath, which, due to its very high fat content, is white. As you might expect, the part of the brain that contains lots of oligodendrocytes and myelin is therefore called the white matter. The white matter, which sits right underneath the outer grey matter, is like the most complex junction box in existence—quickly directing information back and forth across the brain and from the brain to the body. Almost all the thoughts and actions that make us human rely on the electrical connections in the white matter, and the critical importance of oligodendrocytes and white matter is one reason human brains are much more complex than the brains of other species.

In addition to ensuring fast, reliable information transfer through the brain, oligodendrocytes are directly involved in the brain’s overall energy metabolism and are one of the cell types that is most vulnerable to injury or stress.11 Many neurological diseases that only affect humans often involve injury to the white matter, including multiple sclerosis, cerebral palsy, and Alzheimer’s disease. In fact, several studies have suggested that cognitive decline as we get older tracks much more closely with injury to oligodendrocytes and the loss of white matter than with the accumulation of amyloid.12

While we can model some white matter disease processes in animals—usually rodents—one reason that brain-related scientific discoveries in rodents usually fail to give the same results in humans is that only around 10 percent of the brains of rodents is white matter, compared to more than 60 percent in humans.13 Importantly, as you’ll see later, there are specific activities that can help to boost and maintain our white matter as we age, such as exercise. No mice required.

MICROGLIA

This whistle-stop tour of the glia now brings us to microglia, and our last bit of Greek for a while—mikros is Greek for “small.” Microglia are the brain’s immune system, activating inflammation and repair in response to infection or injury. However, a huge amount of recent work has shown that microglia are perhaps the single most complex cell type in the body, with a vast array of other functions, including regulating the connections of neurons at synapses, the formation and removal of myelin by oligodendrocytes, and the production and function of blood vessels.14 Microglia also influence day-to-day cognitive functions by overseeing how the brain regulates and responds to exercise and sleep.15

If I’m honest, I struggled to find a part of the car to compare microglia to because they do so many things. At this point, it would be safe to estimate that the human brain has thousands of different kinds of microglia, depending on the function and the region of the brain we’re looking at. Maybe the microglia are like a large toolbox that can be used to modify, repair, and improve the workings of the car. Except, in this analogy, the tools are alive and the car does the repairs itself, like a Transformer. That’s how cool microglia are.

While the generation of an inflammatory response by microglia is important for recovery after brain injury, inflammation also needs to be switched off at the right time. Many, if not all, chronic neurological disorders include some aspect of ongoing microglial inflammation that is not always beneficial.16 And microglia can have very long memories. For example, a group at Imperial College London did a study where they scanned the brains of patients who had experienced brain trauma. Using a special tracer taken up by proinflammatory microglia in the brain, they found that ongoing microglial inflammation was associated with worse cognitive function up to seventeen years after the initial injury.17

The influence of microglia on cognitive function is also relevant to anybody who wants to have a future-proof brain. The Allen Institute in Seattle recently developed an “atlas” of cells in the brain over time and found that in those experiencing late-onset Alzheimer’s disease, changes in microglia were seen before any significant accumulation of amyloid or tau.18 This means that the “glue” of the brain might be changing in dementia well before the neurons really get involved. Most importantly, microglia can be directly affected by our own actions. For example, one study that was part of the Memory and Ageing Project at Rush University explored how physical activity during late life was related to cognitive function, brain pathology, and microglial inflammation. Participants had their cognitive function tested and wore monitors that tracked their activity. Later, once a participant passed away, the researchers looked at their brain under a microscope. What they found was that physical activity late in life modulated the function of microglia, making them less inflammatory, even in the face of accumulating damage. This appeared to help those individuals maintain cognitive function as they aged—many of them into their nineties—suggesting that physical activity can help to build headroom even late in life regardless of how much wear and tear our brains have accumulated, in this case by making microglia more resilient.19

THE NETWORK THAT RUNS THE BRAIN

In addition to neurons and glia, there’s a critical component of the brain that neither Cajal nor Golgi gave enough credit: the blood supply.

As you now know, most modern neuroscience is based on what can be seen under the microscope after death. Clumps of amyloid, which in the most severe cases can be seen with the naked eye, are easy to focus on. Detecting more subtle changes in the numbers or function of microglia, astrocytes, and oligodendrocytes is much harder, even if they’re just as important. And when looking at slices of brain, it’s harder still to appreciate the importance of a structure that has been destroyed in the process of preparing the brain slice you’re looking at.

For brains to be examined under a microscope, they are preserved and dehydrated, then cut into very thin slices and placed on glass slides. During this process, the blood vessels collapse entirely and become little more than small holes where blood used to flow. As a result, these vessels are easy to ignore.

But in life, around 3–5 percent of brain volume is blood, and each neuron is generally only ten to twenty micrometres—about one tenth the width of a human hair—from a blood vessel.20 In fact, in the brain, there are around four hundred miles of capillaries, the smallest blood vessels that supply oxygen and nutrients to cells throughout the body. So, while the blood vessels were easy to miss when they first described the structure of the nervous system, we have to realise that Cajal’s neurons and Golgi’s glia are actually suspended inside an incredibly complex vascular network that allows the whole system to function in the first place. In fact, the ability of the brain to continuously adapt to the environment and develop the wide range of skills that each of us benefits from every day is only possible because the blood supply is just as adaptable.

Around the same time that Cajal and Golgi were arguing about the nature of the brain, Charles Roy, Charles Sherrington, and Angelo Mosso were discovering that the metabolites produced by brain activity could direct blood flow to those regions in a stimulus-dependent manner.21 Angelo Mosso also developed the first ever technique used to take images of the brain, showing that local brain blood flow changed in response to mental activity.22 Modern versions of this technique, such as functional magnetic resonance imaging (fMRI), are used to track brain activity in response to specific stimuli or cognitive tasks by measuring changes in blood flow. A century of work in this field eventually led to the intimate and inseparable connection between brain cells and their blood supply being named the neurovascular unit. This is because the blood supply in your brain isn’t just a bunch of pipes—it’s an integrated part of the brain tissue. The endothelial cells and pericytes that make up the blood vessels are in direct contact and constant communication with other brain cells, constantly monitoring activity and responding accordingly. When a region of the brain becomes more active, the electrical and metabolic activity of neurons and astrocytes releases metabolites like potassium and nitric oxide that cause the local blood vessels to dilate.23 This directly drives increases in blood supply through a process called neurovascular coupling—directing oxygen, energy, and nutrients to exactly where they’re needed. Therefore, a critical part of long-term brain health is maintaining happy blood vessels that can rapidly adapt to our brain’s needs and provide our neurons and glia with everything they need to do their jobs. Recent studies in both humans and animal models even suggest that our blood vessels may be the part of the body that is most susceptible to ageing, triggering inflammation and loss of white matter as the brain struggles to get enough blood flow.24

This trip down the austere and moustache-filled hallways of neuroscience history does serve a purpose, aside from satisfying my inner nerd. As we start to realise the complexity of all the different types of cells in the brain and their functions, it becomes clear that the brain is a box of infinitely complex and tunable components. The highly coordinated way that all the different cells and structures of the brain function in response to activity also shows the limitations of a reductionist approach that isolates each of these components in an attempt to understand them. Because they only work when they’re working together. This brings Pugh’s poem back to mind, and reminds us that we may never fully understand everything happening at the cellular or biochemical level to allow a human brain to do what it does. The good news is that we might not need to.
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