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Introduction


100 Days To A Younger Brain delivers, in clear everyday language, the basics on how your brain works and how you can keep it healthy, and shares the good news that you can boost brain health and change your brain at any age. As you work through this life-changing programme, you will complete a series of assessments to show you a clear picture of the current state of your brain health and give you insight into what you are doing right and what needs fixing.


Whether you’ve come to this book because you are concerned about your memory, you fear getting dementia or simply value your brain and want to look after it, you will find an abundance of practical tips within these pages that can easily be incorporated into your daily life. These down-to-earth suggestions will help to rejuvenate your brain, optimise memory performance, boost brain health and even build resilience to allow your brain to cope with or compensate for ageing, injury and diseases that affect the brain, including dementia.


Your brain is fundamental to who you are and it supports you in the things you do each and every day. Brain health is not a passing fad and, once you think about it, it’s quite astonishing that up to now we have essentially excluded our most complex, and most important, organ from our healthcare routines.


This is not a book about being brainy but it is a book about being smart enough to invest in brain health. We talk about physical health and we talk about mental health. We even talk about dental health and heart health. It just seemed crazy to me that no one was talking about brain health. After all, you need your brain for everything. There isn’t one thing that you can do without your brain. Just as you invest time every day in dental health, I hope that this book inspires you to do at least one thing every day to boost your brain health.


I didn’t go to university until I was forty-two. Six years later I emerged with a degree in psychology, a PhD and a passion for brain health. As a cognitive neuroscientist1 and a director of a dementia research programme in the Institute of Neuroscience at Trinity College Dublin, I was involved in, surrounded by and exposed to incredible brain research. Thanks in no small part to amazing advances in brain-imaging technology, scientists are making phenomenal progress in terms of our understanding of brain function and diseases that affect the brain.


But something troubled me. Scientists were doing great work but they spent much of their time talking to other scientists about their research at niche conferences and in academic journals, most of which are inaccessible to the general public. Of course, this kind of academic discourse is absolutely essential for scientific progress, but the scientific literature and research on brain health and dementia can be complex and not easy for everyone to follow. That’s why I’ve written this book. It translates scientific jargon into easy-to-understand, practical information to improve your brain health.


100 Days to a Younger Brain will show you how to hold on to important functions like memory into old age. Adopting a brain-healthy lifestyle is like investing in brain capital; by making smart choices you can build reserves that you can cash in at some point in the future when faced with a challenge such as ageing, injury or disease.


Let’s take Alzheimer’s disease2. There is currently no cure. The Alzheimer brain is shrivelled and atrophied3 compared to a healthy brain and is characterised by cell death and tissue loss. Nobody knows for sure what causes this cell death, but abnormal protein clusters called plaques and twisted strands of another protein called tangles are currently the prime suspects.


You’d be forgiven for thinking that having these plaques and tangles in your brain would mean that you would have the symptoms that we commonly associate with dementia – such as memory loss and confusion. But you would be wrong. You can have the disease in your brain and not experience symptoms! And that more than anything inspired me to write this book.


Let me explain. We know from research that the brains of up to 25 per cent of people who have sufficient pathology for a diagnosis of Alzheimer’s disease post mortem are clinically intact before death. About one in four people with the pathology in their brain are resilient to the disease. This means that even though they had the disease, the plaques and tangles, they had no perceptible symptoms. In fact, they remained coherent and continued to function as normal up until they died.


We call this resilience ‘reserve’. Your brain has the capacity for resilience, too, provided you give it a helping hand by adopting a brain-healthy lifestyle. What’s more, you can replenish these reserves across your lifespan.


Consider for a moment Jake and Peter, two fifty-five-year-old men. Jake has high reserve (high resilience) and Peter has low reserve (low resilience). Both begin to develop the pathology of Alzheimer’s disease in their brains at the same time. For illustrative purposes, let’s say that both die at the age of seventy-five.


Peter, the individual with low reserve, will show symptoms of dementia that gradually worsen over the years. The impairment to Peter’s cognitive functioning4 progresses along a gradually declining slope, going from mild through moderate, to severe and ultimately to his death at the age of seventy-five.


In contrast, Jake, the individual with high reserve, won’t manifest any perceptible symptoms. The disease pathology is still progressing in Jake’s brain but his high levels of reserve allow him to cope with and compensate for the physical damage that is occurring in his brain. Let’s say Jake has a fatal accident at seventy-five. When his brain is examined post-mortem he becomes one of the 25 per cent who have sufficient pathology in their brain for a diagnosis of dementia but who were clinically cognitively intact at time of death.


Now it is only fair to point out that had Jake not had the misfortune to be run over by an ice-cream van on the way home from his seventy-fifth birthday celebrations his reserves would eventually have been exhausted and he would at some point have manifested dementia symptoms. However, unlike Peter, who had experienced very gradual loss, Jake’s decline would be dramatic and severe. Like falling off a cliff edge. At some point in the future – had he lived – Jake would have experienced a precipitous drop in his cognitive functioning, bypassing the mild and moderate stages.


Reserve is not a ‘golden ticket’, nor is it a ‘get-out-of-jail-free card’ but if you build it up through brain-healthy choices, you can defer the onset of dementia symptoms and grant yourself more independent years in possession of your mental faculties.


This resilience isn’t just limited to dementia, it can optimise your everyday brain performance and protect your cognitive functions against injury, stroke and even diseases like multiple sclerosis5 that strike in early adulthood. Your brain also has an amazing ability to adapt and change across your lifespan. This flexibility, which is called neuroplasticity6, allows you to learn new things, adapt to changes in your life and environment and also allows you to compensate for disease and injury.


A stroke or ‘brain attack’ occurs when blood flow to an area of the brain is cut off. Spontaneous plastic changes occur in the brain following a stroke that can help the brain to compensate and can contribute significantly to recovery, for example, of movement. The brain compensates for the damage by activating alternative pathways that run parallel to the damaged one. Recovery from stroke involves re-learning motor function using the newly activated compensatory pathways. Stroke is the leading cause of acquired disability, and nine out of ten strokes could be prevented by minimising risk through brain-healthy life choices. There is considerable variability in the extent to which patients recover after stroke. While the reason behind the varied outcomes is not fully clear, lifestyle factors are thought to play a role and you will read more about that in Chapter 1.


This programme will also help you to develop brain-healthy habits that could greatly improve outcomes after stroke or brain injury. If you already have a dementia diagnosis or were to develop a disease that affects brain function, such as Alzheimer’s or multiple sclerosis, at some point in your future, following this guide and building a bespoke Brain Health Plan will enable you to minimise your symptoms and support your independence while living with the disease. Brain health matters, especially if you consider that one in three older adults will have a stroke, dementia or both.


I have a mission in life, and that mission is to vastly increase the number of people who are able to build up their resilience to brain diseases, so they can live happier, more independent lives for very much longer. Like any good book I think that the final chapter of life should be one of the best. I want to get you talking and thinking about brain health. I want you to look after your brain as routinely as you look after your teeth.


100 Days to a Younger Brain will change the way you live, guiding you towards brain-healthy choices, arming you with practical advice that you can implement each day to rejuvenate and optimise your brain performance, build up your reserves, increase plasticity and reduce dementia risk. Now it’s time to enjoy the good news about brain health.




How To Use This Book


Chapter 1 explains why everyone needs to invest in brain health.


Chapter 2 explains how your brain works and how you can bank reserves to boost brain health.


Chapters 3–8 introduce the programme for 100 Days to a Younger Brain, covering the lifestyle factors that are important for brain health: sleep, stress, social and mental activity, heart health, physical activity and attitude. As you work through each chapter you will complete a series of assessments that will help you to determine your current brain health profile for each of these factors. The information and assessments in each chapter will help you to set goals and devise an action plan to improve your assets and reduce your risks for each of these lifestyle factors. Where a term has a superscript number (e.g. neuroscientist(1) you will find further explanation of that term beside the corresponding number in the Notes.


Chapter 3 – Days 1–7: Create your sleep profile and plan


Chapter 4 – Days 8–14: Create your stress profile and plan


Chapter 5 – Days 15 and 16: Create your mental and social profile and plan


Chapter 6 – Days 17–23: Create your heart-health profile and plan


Chapter 7 – Days 24–30: Create your physical activity profile and plan


Chapter 8 – Days 31 and 32: Create your attitude profile and plan


Chapter 9 – Day 33: Create your overall Brain Health Profile
Day 34: Build your bespoke Brain Health Plan
Days 35–100: Embed the brain-health habit into your daily life and put your plan into action


Research suggests that it takes on average sixty-six days to introduce a new daily habit, which is why I have allowed that length of time to embed the brain-health habit into your daily routine.


100-Day Diary


Building a daily brain-health habit is critical for success. To help you to do this I have included a 100-Day Diary at the end of the last chapter that you can use to record your brain-healthy actions each day as you work through the programme.


You will increase your chances of success if you commit to doing at least one thing each day that is good for your brain health. Set a daily reminder on your phone, on your calendar, or place a Post-it note on your fridge or beside your toothbrush to remind you every day.


Do it now.


Record your actions every day. Completing the diary will help you build a brain-healthy habit.
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Invest in Brain Health


‘Every man can, if he so desires, become the sculptor of his own brain.’


Santiago Ramón y Cajal


We all brush our teeth every day but most of us never spare a thought for our brains.


How crazy is that?


Of course, dental health is super important because you need your teeth to eat, to speak and to smile. But you need your brain for everything, and I mean everything. There isn’t one thing that you can do without your brain. You can’t read this book, you can’t turn this page, and you can’t sit down or stand up without your brain. Come to think of it, you can’t even brush your teeth without your brain.


You need your brain for everything, so brain health matters.


Why is Brain Health a Smart Investment?


You were obviously a smart kid because you grasped the complex concept of investment at a very young age. Time spent now brushing your teeth reaps future benefits. You developed a dental-health habit that includes daily brushing because you understood that that investment extends the life of your teeth and protects against tooth decay and dental pain in the future. You know that other activities like flossing, dental visits and diet offer further protection.


However, as a grown-up you come to understand that even if you fastidiously follow your dentist’s advice, your investment doesn’t come with an absolute guarantee, but rather reduces the risk of pain and delays the onset of decay. Chances are, by the time you reach my age you will have had a couple of fillings and may even need some major work on a crumbling tooth or two. Nonetheless, you know that your teeth are in far better shape than they would have been without daily brushing.


The same applies to brain health.


Certain activities offer protection against decline in brain functions in later life, while some lifestyle choices increase your risk of developing diseases that affect brain function, such as Alzheimer’s disease and other dementias. The important take-home message is that key lifestyle changes and activities that reduce risk or offer protection can easily be incorporated into your daily routine.


As is the case with dental health, having a good brain-health habit is not an absolute guarantee but there is plenty of evidence to suggest that it is definitely a worthwhile investment, especially if you fancy holding on to important cognitive functions such as memory for as long as possible. Maintaining and optimising brain health will allow you to maximise your overall ability and independence.


Your brain is unique


Your brain allows you to think, to feel, to plan, to love, to laugh, to remember, and lots more besides. But that’s not all; your brain also controls your senses and other parts of your body, including your muscles, organs and blood vessels. Despite this brilliance you carry it around in your skull without giving it a second thought.


Scientists used to think that the brain was fixed, set like concrete, but we now know that the brain is constantly changing, sculpted by behaviours, experiences and life choices. One of the big things you can do to help your brain is to adopt a brain-healthy lifestyle.


Your brain is unique, crafted by the experiences that you offer it and the demands that you place on it each and every day. Your brain is a dynamic organ that not only influences your behaviour but is also influenced by your behaviour. What you do or don’t do influences how well your brain functions now and how resilient it can be when faced with future challenges. Your brain is constantly changing and it is your behaviours and your experiences that shape it.


Your brain is plastic – not credit-card plastic but pliable like putty. This neuroplasticity is a fundamental feature of the human brain. It’s not exclusive to humans but the human brain does appear to excel at adaptation. While genetics7 determine brain size in humans and chimpanzees, the human brain is more responsive to environmental influences, allowing it and its behaviour to constantly adapt to changes. We tend to afford a lot of importance to our genes, but lifestyle and life experiences are critical to determining the shape of the brain, how it grows and how it evolves. You can change your brain through experience. Learning can shape it rather like exercising can shape your muscles.


Accumulate information


When it comes to improving your finances, one of the best steps you can take is to improve your financial knowledge. You could do this by acquiring an understanding of financial concepts and risks as well as opportunities for investment. Gaining knowledge about yourself and your current finances and assets will also help inform your financial decisions and help maximise the return on any investment that you make. A good investment plan will acknowledge your unique needs, allowing you to live well now, plan for your future and have choice and resilience built in should times get tough.


The same applies to improving your brain health. By reading this book you are taking a very important first step by increasing your knowledge of neuroscience, of dementia risk and of opportunities for investment in brain health. By completing the questionnaires and diaries throughout the book, you will accumulate important information about yourself, your current habits, your assets and risks. This personal information will help to inform your choices and decisions to bring focus to your investment in brain health, while helping to minimise dementia risk and maximise the return on your investment. In this book you will pull together all of that information to create an honest and personal Brain Health Profile that will inform your initial plan and your longer-term brain-health investment strategy.


Diversify


Your Brain Health Profile is a bit like a financial portfolio. Good financial advice recommends diversification to help manage risk. There is no ‘one-size-fits-all’ approach to financial investment. Advisors recommend creating an investment mix based on your financial goals, current financial situation, the timeline you are working within and the amount of risk you can tolerate. They encourage diversity among and within different types of stocks, bonds and other investments. Diversification doesn’t come with any guarantee of success, but the investment mix allows you to potentially offset some of the impact if one aspect of your portfolio declines or performs poorly.


The recommendation for diversification also applies to brain health. A ‘one-size-fits-all’ plan won’t wash for brain health either. You need to create a brain-health investment mix that is based on your personal goals, your current brain-health situation, the timeline that you are working within (your age, your life stage) and the amount of risk factors that you have and can modify. I encourage diversity among and within different types of brain-healthy investment categories, too. In addition to building a mix of investments across sleep, stress management, social engagement, mental stimulation, heart health, physical activity and attitude, you also need to have variety within these investments. For example, within physical activity you need to exercise aerobically, strengthen muscles, work on balance and sit less.


Investing widely is investing wisely


Brain-health investment doesn’t come with a guarantee that you won’t develop dementia but it may help to defy it by offsetting some of the impact that the disease can have on your memory and your ability to sustain an independent life. While there are no guarantees when it comes to dementia in the broader sense, your return on brain-health investment will be handsome, rewarding you in multiple ways across your life. Through daily brain-healthy choices you will gain a sense of rejuvenation and greater satisfaction with life. You will also enjoy individual payoffs and fringe benefits in each of your investment categories, including better heart health, sounder sleep, more laughter and sharper thinking and memory. When it comes to brain health, investing widely is investing wisely.


Regular check-ups


Financial advisors will also recommend giving your portfolio a regular check-up, at the very minimum once a year or any time your financial circumstances change significantly – such as if you lose your job or gain an inheritance. Regularly checking and updating your Brain Health Profile is also sound advice. Brain health is a long-term investment.


The Brain Health Plan that this book will help you to develop is the first step in a long-term strategy that aims to improve your brain health one day at a time. Regularly revisiting and updating your Brain Health Profile and Brain Health Plan will allow you to track your progress, take account of changing circumstances and let you see whether you need to rebalance your ‘asset’ mix or reconsider some of your individual investments.


Nothing to lose and everything to gain


Over the course of the next 100 days you will identify your brain-healthy habits and any behaviours that need fixing because they may be barriers to brain health or risk factors for dementia. You have nothing to lose and everything to gain. When it comes to brain health it is entirely within your power to transform your debts into assets by making conscious brain-healthy choices and simple changes to your daily life.


Brain health is for everyone


Whether you are embarking on retirement, are a student starting out in life, or at some point in between, this book aims to convince you to invest in brain health now. You possess an amazing resource inside your head: your brain is more complex than anything money can buy. Your brain is invaluable. It is the greatest gift you will ever receive, so treasure it, nurture it and stimulate it so that you can reach your full potential throughout your entire life.


It’s never too early or too late to invest in brain health.


Everyone with a brain needs to consider brain health.


Take action now


Your brain is shrinking. From our thirties onwards we lose a little brain volume8 each year through a process called ‘atrophy’; hit sixty and the rate of that atrophy accelerates. But all is not lost, this book explains how living a brain-healthy life may help you to counteract atrophy and maintain brain volume.


The life choices that we make and the experiences that we have, even as children, can increase our risk of developing diseases that impair cognitive function in later life. Like most late-life disorders, the determinants of Alzheimer’s disease and other dementias stretch right back across the lifespan. The following chapters explain that many of these determinants are modifiable, which means that you can take action now to reduce risk later.


Even a child’s brain will struggle to develop normally in the absence of a stimulating, nurturing, brain-healthy environment. The experiences that we have in early life and those that we give our children impact on their brain health and brain development, affecting not only how their brain functions in childhood but how well it serves them across their entire lives.


The teenage brain goes through a dramatic period of neural reorganisation. Neuronal networks9 strengthen with use and unused networks are pruned as the brain matures. Teenage years can be a stressful time and parts of the brain involved in memory function are particularly vulnerable to stress. Adolescence represents an opportune time to condition healthy functioning of this part of the brain through brain-healthy life choices that have the potential for long-lasting positive impact.


A sense of invincibility may blind young adults to the need to invest in their future selves. The earlier the investment in brain health begins, the bigger the rewards. While protection against late-life diseases may not be a priority or even make the radar of young adults, none of us can predict whether we might sustain a brain injury in an accident or while playing sport. Healthier brains are more resilient and have a better chance of bouncing back from or compensating for such setbacks. The time to think about brain health is now.


Even if you have been in possession of a brain for more than sixty years, it will continue to change. The traditional adage is, quite frankly, wrong – you can teach an old dog new tricks. Living a brain-healthy life that is challenging and engaged is critical for cognitive function, especially as we now clock up more years than our ancestors. The quality of those extra years can be enhanced through brain-healthy choices.


Investing in brain health will cost you nothing but time and effort. The brain-healthy recommendations in this book can all be followed for free. That doesn’t mean that they are easy, although some are, but they are within your control and can be integrated into your daily life.


Prevent and optimise


When we asked people across Europe what they feared most about growing old they answered – losing their memory and their independence. They also said that dementia was the disease that they feared most. Sadly, their fears aren’t unfounded. While people are living longer, failing mental function frequently impairs the quality of those extra years. Cognitive decline has emerged as one of the greatest health threats of later life.


Failing mental function is the single biggest obstacle to independent living and to the social integration of older people. Cognitive impairment that does not reach the threshold for dementia diagnosis is not only associated with increased risk for progression to dementia, but also increased health-care costs, neuropsychiatric symptoms and disability.


Brain health is not just about prevention, it is also about optimisation. Living a brain-healthy life will not only help reduce dementia risk and maintain memory function in the future, but will also optimise brain performance in the here and now, enhancing the quality of your life today. Even if you already have a diagnosis or are experiencing memory impairment, making brain-healthy choices will help to optimise your brain function.


Ageing and dementia


Differences in cognitive performance in people of different ages, with decline reported for older people, are well documented. Traditionally when there is no disease present in the brain these age-associated cognitive deficits have been considered a consequence of the aging process. However, the assumption that cognitive decline is inevitable can be questioned when you consider that a) a significant proportion of older adults do not demonstrate this decline and b) we see considerable differences across older adults in terms of the nature and the severity of cognitive disturbances that are evident in those experiencing cognitive decline.


There are close to fifty million people living with dementia in the world today. That figure is set to double every twenty years, reaching approximately 132 million by 2050. These predictions and the absence of a cure make prevention imperative. The global cost of dementia in 2018 is about one trillion US dollars. A figure set to rise to two trillion by 2030.


One new case of dementia is diagnosed every three seconds.


The good news


My mum was one of those cases. I feel for anyone who receives a diagnosis because I understand the life-changing impact of dementia for the individual and for those who love them. Thankfully, the scientific evidence on dementia risk reduction is evolving rapidly. The identification of actionable risk factors that have the capacity to protect individuals from the onset and progression of dementia symptoms represents a wonderful opportunity to change the future – for ourselves, for our children and for our grandchildren.


The World Health Organization prioritises prevention and acknowledges that evidence is now sufficient to justify action to incorporate dementia risk reduction into health policies. Up to half of all cases of Alzheimer’s disease are attributable to just seven modifiable risk factors:


• Physical inactivity


• Cognitive inactivity/low educational attainment


• Poorly managed hypertension (high blood pressure)


• Type 2 diabetes


• Mid-life obesity


• Smoking


• Depression


Taking account of the fact that many of these risk factors are interlinked (such as obesity, physical inactivity, diabetes) about 30 per cent of cases in Europe, UK and USA are attributable to these seven lifestyle factors.


We know that prevention is a legitimate evidence-based approach and the time has come to move from a singular focus on treatment and management of the disease to a focus that prioritises dementia prevention and brain health. Reducing the prevalence of these seven risk factors by just 10 per cent per decade would reduce the prevalence of Alzheimer’s disease in 2050 by 8.3 per cent globally.


Chapters 3 to 8 explain why each key lifestyle factor included in the programme is critical for brain health. By completing the assessments in these chapters you will build a personal profile that will give you a clear picture of your assets and risks for each factor, allowing you to identify personal goals to address any barriers to brain health. The down-to-earth tips in each chapter will help you to devise a practical step-by-step action plan to increase your assets and reduce your risks for each factor.


Completing the 100-Day Diary at the end of this book forms an integral part of your action plan. Doing at least one thing every day is key to building a brain-healthy habit. Recording the actions that you take each day in your diary will help to keep you on track.


Chances are you are already doing lots of things every day that are good for your brain health. It’s just as important to celebrate these healthy habits in your 100-Day Diary and on social media, if you’ve decided to share your journey with friends and family online.


The important thing is to make a conscious effort to make every day a brain-healthy day.


The false belief that dementia is a normal part of ageing is still widely held. The programme in this book is built on scientific research that shows that simple lifestyle changes and even some attitude adjustments can boost brain health and act as a buffer against decline in brain function. The next chapter shares the good news that your brain is resilient. Read on to learn how you can build reserves to boost your brain health.
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Bank Reserves


‘We are what we repeatedly do. Excellence then, is not an act, but a habit.’


Aristotle


When a hard time hits, it helps to have something in reserve. In an economic recession, savings can get you through a tough patch. In nature, animals that hibernate stock up on stored energy that they can draw on over winter. Our brains can also have reserves, which can be drawn upon in the face of ageing, damage and disease. To explain this phenomenon a distinction is sometimes made between brain reserve and cognitive reserve.


One way of thinking about this slightly artificial distinction is that the brain reserve is the hardware and the cognitive reserve is the software. Our lifetime exposures – including our education, our jobs and our leisure activities – can allow us to maintain our brain reserves and increase cognitive reserve. This is a very active area of research and the concept of reserve continues to evolve as the mysteries of the brain are revealed.


Atrophy refers to the wasting away of any part of the body. Your brain can atrophy by about 2 per cent every ten years, leading to less brain and a loss of function. Brain atrophy, also called cerebral atrophy, describes the loss of brain cells and the connections between them. It can happen in just one part of the brain or it can occur across the entire brain. It all sounds a bit gloomy, but don’t despair because brain atrophy is linked to many preventable, modifiable and reversible factors.


Adopting a brain-healthy approach to life that excludes smoking and includes regular physical exercise, social engagement and mental stimulation, together with a healthy diet and optimal amounts of sleep and stress, may help to prevent or slow down the rate at which your brain shrinks. The brief assessments in this chapter are repeated again at the end of the 100 days so that you can compare your scores pre- and post-programme. Read on to learn how reserve works, why you need it and how you can you bank it.


Brain Gains: What is Reserve?


The idea that the brain can be resilient in the face of disease, ageing and even injury stems from the repeated observation that there is no direct relationship between the degree of brain disease or injury and the clinical manifestations of that disease or injury. Essentially, clinicians repeatedly noticed that the severity of damage or disease in the brain is not always related to the severity of symptoms.


For example, a head injury of the same magnitude can result in completely different levels of cognitive impairment and different recovery trajectories in different patients. Similarly, a stroke of the same size can produce profound effects on cognitive function in one patient and milder effects in another.


Some people also seem to be able to tolerate more age-related brain changes and even Alzheimer’s disease-related pathology than others while still maintaining cognitive function. In the introduction to this book I mentioned that up to a quarter of people who have sufficient pathology in their brain post-mortem for a diagnosis of Alzheimer’s disease do not show any cognitive impairment prior to death. The concept of reserve is used to account for this resilience.


BRAIN BASICS


The inner workings of the brain revealed by modern technology and scientific advancement offer us a mere glimpse of the brain’s glorious magnificence. There is so much more to learn but for now we know enough to understand that the brain is a dynamic organ that not only influences our behaviour but is also influenced by our behaviour.


Evolved


According to one theory, three distinct brains emerged successively over time to become the complex interconnected organ that inhabits your skull today. Working from the inside out, the core – the oldest part in evolutionary terms – contains the brain stem, the stalk that connects your brain to your spinal cord. The stalk-like brain stem contains structures that control life-supporting functions that you don’t have to consciously think about, such as heart rate, blood pressure, breathing and digestion.


The second ‘brain’, known as the limbic brain, first emerged in small mammals about 150 million years ago and it is thought that it evolved to manage ‘fight or flight’ circuitry. You will read a lot about its main structures – the hippocampus and the amygdala – in this book because they are involved in learning, memory, emotions, mood, fear, stress and the unconscious judgements that can strongly influence your behaviour.


The hippocampus, which is shaped like a seahorse, is one of the most studied areas of the brain. It is particularly vulnerable to damage in Alzheimer’s disease but is also an area of the brain capable of actually growing new neurons (neurogenesis) right across the lifespan. Your almond-shaped amygdala, located at the end of the hippocampus, is an important component of the limbic system, playing a key role in social behaviour and in the processing and memory of emotional reactions – particularly within the context of fear.


The ‘third brain’, the neocortex, as the name suggests, is a relative newcomer in the evolution of the brain, emerging in primates only two or three million years ago as the genus Homo emerged. It is part of the cerebral cortex10 and is responsible for all of the higher-order functions that we associate with being human. By that I mean that it is involved in complex functions such as language and thought as well as sensory perception and the generation of motor commands. What is fascinating about the neocortex is that it is flexible and appears to have an infinite capacity to make learning happen.


Convoluted


The brain is divided into left and right cerebral hemispheres. The ridges and grooves that give the brain’s outer cortex its convoluted, crinkly appearance are an ingenious exercise in Ikea-style space saving that allows more brain to fit inside your skull. The human brain would take up approximately one square metre if you were to iron out all those wrinkles and lay it flat in your living room.


Human cognition is complex. To make it easier to understand cognitive functioning we talk about six key neurocognitive domains. They are: learning and memory, executive function, complex attention, social cognition, language and perceptual-motor function.


When it comes to these cognitive functions the work of the brain is, broadly speaking, split up among different sections of the crinkly cerebral cortex. Scientists divide the cortex into lobes, which are anatomical regions that are associated with certain processes. These four lobes are not stand-alone organs; they interact with each other and with the rest of your brain. Each lobe depends on information from other parts of the brain and from the world around you to get the job of being you done.


The frontal lobes, which sit just behind your forehead, play a key role in many of the executive functions that allow you to integrate information from other parts of your brain and from your environment so that you can make plans, think critically, solve problems, pay attention, make decisions, control your impulses and understand and anticipate the consequences of your own behaviours.


The parietal lobes that lie behind the frontal lobes process information coming in from the various senses and link this with your memories and meaning.


The occipital lobes are located at the back of your head, behind the parietal lobes and just above the cerebellum (the little brain), which looks a bit like a tennis ball and sits just above the nape of your neck. Your occipital lobes are literally the eyes in the back of your head, because this part of the brain processes visual information.


The temporal lobes, which run along the sides of your head, are involved in processing sound. This includes perceiving sound, assigning meaning to sounds, remembering sounds, decoding auditory information – including distinguishing the volume and frequency of sounds – as well as understanding language and producing speech.


While everyone’s lobes follow a similar structure, your personal-life exposures mean that your lobes will be unique to you because your life experiences continually bend and shape your brain.


Talking heads


Your brain contains billions of interconnected cells that ‘talk’ to each other so that you can sense the sun on your face, chat with friends, anticipate your holidays, dread your exams, learn how to use your new phone, remember where you parked your car, decide what clothes to wear, or think about politics, philosophy or a Pot Noodle.


Your brain is made up of approximately 86 billion neurons, according to Brazilian neuroscientist Suzana Herculano-Houzel, who used a clever method that involved making ‘brain soup’ to count them. Each and every one of these neurons forms an average of seven to ten thousand connections with other neurons, which means there are as many neuronal connections in your brain as there are stars in the Milky Way.


Neurons, also known as neurones and nerve cells, are the basic working unit of the brain. Their main function is to transmit information. In fact, communication between these nerve cells forms the basis of all brain function. Every time you make a movement, feel the wind in your face, hear a voice or recall a memory, that information is moving along and between neurons through an electro-chemical process.


Neurons typically have highly specialised extensions coming out of the cell body. The branch-like dendrite acts like an aerial that receives incoming information and relays it to the neuron’s cell body, which acts like mission control. Cable-like extensions called axons carry information away from mission control to other neurons in your brain and to other types of cells in your body.


In the cell body, all of the incoming signals are added together and a response signal is generated where the cell meets its axon. The electrical signal is sent along the axon to the nerve terminal where it is converted to a chemical signal. The point where the axon of one neuron connects with the dendrite of another is called a synapse, which is a physical gap between neurons where information from one neuron transfers to another. Synapses release chemical messengers called neurotransmitters. You have between 100 and 500 trillion synapses.


Pathways


The route that a piece of information takes through neurons around your brain is called a pathway, and the more you use a pathway the more defined it gets. A bit like a well-trodden track through a field or forest. When you learn something new – take up a sport, walk a new route to work, learn a new language or learn how to resist decadent desserts, it can seem challenging at first. But as you repeat tasks you forge or ‘wire’ stronger pathways in your brain and over time the new tasks become second nature. Remember this as you try to introduce new brain-healthy habits.


In addition to neurons, your brain contains billions of glial cells that play a critical role in keeping your brain working healthily. If the neurons in your brain are like information highways, glial cells are the builders – the fixers, the protectors and the service providers – that help to keep your electro-chemical neuron show on the road, 24/7. Neurons need to send nerve impulses rapidly. Glial cells help neurons to do this by wrapping themselves around the axon to form an insulation sheath (like the insulation around electrical wires in your home). The sheath, which is made up of a white fatty substance called myelin, accelerates neural conduction.


The portions of the brain that contain myelinated nerve fibres are commonly referred to as white matter, due to the colour of myelin. In contrast, grey matter contains the neural cell bodies, dendrites and axon terminals.


RESERVE


In essence, reserve is a way of explaining the disconnection between the degree of brain damage or disease and the clinical expression of that damage or disease, including the impact it has on cognitive function.


Brain reserve


Brain reserve is the structural stuff: grey matter, white matter and the thickness of the cortex. Brain reserve refers to the actual differences in the brain itself that might explain how one individual has greater tolerance to damage than another.


Size matters


Let’s take Mary and Jane, for example. Both have the same amount of plaques and tangles in their brains but their brains are different sizes. Mary has more neurons, greater synaptic density and a larger brain than Jane. This means that Mary has more brain without disease than Jane has. Mary, with the larger brain, will be more resilient than Jane to the effects of the same amount of disease pathology. It is not the amount of disease in the brain that accounts for differences in cognitive functioning between people, it is the amount of intact brain.


When you compare people with different levels of cognitive function you find that these differences are related to the size of the individual’s brain rather than to the amount of disease within it. To put it simply: brain size matters.


An individual might not show impairment in cognitive functioning because they have more neurons and more synapses to lose before they reach the critical threshold at which clinical symptoms will appear. As the disease progresses, the amount of diseased brain will increase and the amount of intact brain will decrease until a certain point is reached where the intact brain can no longer maintain normal cognitive functioning.


Brain reserve means that the brain’s structural characteristics provide resilience against the atrophy or wasting associated with ageing or disease. The larger your adult brain is, the longer you can resist the impact of damage or disease on your functioning.


Brain maintenance


At any given point in time you have a certain amount of brain reserve, and the higher your brain reserve the better you will do in the face of brain changes caused by ageing, injury or disease. We used to think that once these brain reserves were depleted that was it, they were gone and you would succumb to clinical symptoms or deficits, just like we used to think that once you reached adulthood you had a certain amount of neurons and all you could do from that point on was lose them.
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