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Introduction to the Updated Edition



When The Memory Bible was first released nearly two decades ago, it surprised many people to learn that brain aging and memory loss begin as early as our twenties and thirties. Normal memory slips, such as forgetting where we put our keys or why we walked into a room, can begin this early and tend to get worse over the years. Eventually, memory issues can affect our daily functioning and productivity. The scientific research we described in the book revealed that initiating certain lifestyle habits, including regular exercise, healthy diet, stress management and mental stimulation, can not only slow or stop memory loss in its tracks, it can also help restore prior losses.


In the years since we wrote The Memory Bible (Gigi did not take credit on the original book), continuing research and development in early detection and treatment of brain aging have proven The Memory Bible’s techniques successful. Our methods for improving and maintaining our cognitive strength still hold true today. Recent studies further substantiate the cognitive benefits of mental and physical exercise, as well as the benefits of stress management and a healthy diet. The latest science is compelling—revealing that these strategies not only boost memory and brain health but also lower the risk for developing Alzheimer’s disease and other forms of dementia.


Our memory-boosting methods were the impetus for the UCLA Longevity Center to develop memory education programs that are now available throughout the US. And our ongoing search for innovative methods has led to this new edition of The Memory Bible, which includes cutting-edge brain research, updated information on drugs and supplements, new techniques to overcome many top memory complaints, and more emphasis on such modern topics as stress management and technology.


Modern life continues to see more complications that endanger our brains. Progress in technology has brought us amazing gadgets, computers, phones, and tablets that can help embellish our memory and retention, but they can be detrimental if not used wisely. Engaging in too much technology can distract us, elevate stress levels, and impede memory abilities. And stress management, a factor in the original book, has become even more crucial in today’s world of worries over pandemics, terrorism, economics, social unrest, and more. In updating this book, we have taken into account these complex changes to give you the tools to manage them.


Now that Gigi and I have become seniors ourselves, we are reaping the benefits of following our lifestyle program. We feel as healthy and sharp as we did when we first wrote The Memory Bible, and the content is more relevant than ever. In the following pages, you will learn to easily adjust your lifestyle to protect your memory and stave off—or possibly avoid—memory loss or dementia during your long, healthy, and productive life.


Gary Small, MD


Gigi Vorgan


Weehawken, NJ, November 2020















Preface



Nearly everyone struggles with some form of memory loss before reaching middle age. Thanks to brain-imaging and genetic technologies, scientists can now observe the earliest physical indicators of brain aging in people as young as age 25. Tiny plaques and tangles that develop and grow ever denser in our brains often begin accumulating decades before any middle-age forgetfulness sets in. A minute spot of plaque on a 30-year-old brain could possibly indicate Alzheimer’s disease forty years from now, just as a tiny little snag of the dentist’s probe can mean a cavity in the making.


But we need not despair. Misplacing your keys a couple of times doesn’t mean you should start labeling your cabinets. Memory loss is not an inevitable consequence of aging. Our brains can fight back, and The Memory Bible will give you the tools. We can improve our memory performance immediately and stave off, possibly even prevent, future memory decline. The sooner all of us begin our memory program, the sooner we will be on the path to keeping our brains young and healthy for the rest of our lives.















Chapter One



You Have More Control Than You Think




I have a photographic memory but once in a while I forget to take off the lens cap.


—MILTON BERLE




Imagine struggling your way out the glass doors of a crowded mall in late December, loaded with shopping bags, packages, and presents. Your head is pounding and your feet hate you and the shoes you walked in on. You’d die of starvation this second if you weren’t already dying of thirst. You manage to pull out your car keys and glance up at the humongous, jam-packed parking structure when it hits you—you’ve forgotten where you parked.


Could never happen to you, you say? Ever forgotten your purse, wallet, or phone at home, only to remember it while caught in rush hour traffic? Maybe you’ve struggled to remember the name of a movie you saw last night or that new neighbor you just met, not five minutes ago. Ring a bell?


Most of us laugh off these so-called middle-aged pauses, considering them just another normal annoyance of aging, not a true memory problem, and certainly not a sign of Alzheimer’s disease—not at “our age.” I hate to pop another “I could party all night and still get to work on time if I wanted to” baby-boomer bubble, but it’s time for us all to wake up—we are all one day closer to Alzheimer’s disease.



It Is Never Too Late or Too Early to Fight Brain Aging


Just as all of us inevitably get older, convincing scientific evidence shows that Alzheimer’s disease is not simply an illness that some old people get. Alzheimer’s disease or a related dementia may well be everybody’s end result of brain aging—and it begins forming in our brains much earlier than anyone previously imagined, even in our twenties.


The subtle, gradual aging of the brain starts as tiny plaques and tangles that begin accumulating there, decades before a doctor can recognize any symptoms of the disease. In fact, these plaques and tangles begin forming so early in our adult lives that subtle memory and language changes go unnoticed and ignored for many years. Nonetheless, these minuscule spots of plaque in our otherwise healthy brains are the first signs of brain aging, and they will increase insidiously if we do nothing about them.


When I speak on this subject, I am often asked: Will my brain already be irreversibly damaged by the time I reach middle age? Is it too late for me to try to head off this inevitable process? Is it too soon for me to start? Is my memory ability destined to decline no matter what I try to do about it?


My answer to these questions is no. It is never too late or too early to start beating the brain-aging game. Even if, one day, research finds a way to restore already lost brain cells, scientists agree that preventing the loss of memory will always be easier than restoring it. The sooner we rise to the challenge, the sooner we can intervene in the battle, like little neuron-gladiators, and, with luck, do so while our forgetfulness is minimal or even imperceptible.



Our Brains Aren’t Getting Any Younger, but They Can Get Better


One of the biggest obstacles to starting a program to improve memory performance and protect our brains from Alzheimer’s disease is denial that one’s brain, as well as one’s body, is aging. Many people struggle to accept the physical changes that come with passing years, yet coming to terms with mental changes is often an even greater challenge.




Sally B. knew her sixty-fifth birthday was coming up, but she wished her husband, Jerry, and best friend, Lisa, would stop harping on it. All they talked about was how great her fiftieth birthday party had been and how they wanted to top it. Sally figured she must have had a couple of drinks because she could hardly remember it, and she didn’t recall agreeing to this new party either.


For several weeks, Jerry and Lisa kept reminding Sally to make her guest list, but Sally kept forgetting to do it. Finally, Jerry said either she was trying to avoid the party or she needed to talk to their internist about her memory problems. In fact, Jerry had been worrying about Sally’s forgetfulness for some time.


Sally scoffed at Jerry’s “accusation” and told him that her mind was perfectly fine. If anyone was getting old and losing their marbles, it was him. Sally truly didn’t understand where the last ten years had gone and the thought of turning 60 seemed so odd. She didn’t feel sixty-five, and thanks to Dr. Mark, she sure didn’t look it. In fact, lots of people at the tennis club said that she and her daughter looked just like sisters.


Sally had been a patient of Dr. Mark, a well-known cosmetic surgeon in town, for almost twelve years. Everybody said he gave the best Botox and Restylane injections in town, but he’d also performed a discreet face-lift and tummy tuck on Sally.


Jerry, still going on about her birthday party, insisted that Sally wouldn’t have to do a thing! She could just buy a dress and show up. Sally thought it over, and finally said okay. But, she added, she was going to call Dr. Mark so she could get a mini face-lift ASAP.


Jerry hit the roof. “No more calling Dr. Mark, Sally.


“Don’t you remember how bad the anesthesia was last time? Took you days to recover. Elective surgery is not a good idea at your age.” Sally glared at him and said that at ‘her age’ she could do what she liked.


After bickering back and forth a bit, they cut a deal. If Sally would accompany him to their family doctor to discuss her memory, Jerry would back off about Dr. Mark.


The internist performed a standard memory test on Sally in the office and was concerned enough to send her to a geriatric psychiatrist to get a more detailed assessment. After several meetings, the psychiatrist sat down with Sally and Jerry together. Sally was indeed suffering from some mild age-related cognitive impairment. As difficult as that was for her to accept, thankfully there were plenty of things she could do to fight it; however, getting another face-lift or eye job surely wasn’t going to help.


The psychiatrist recommended she start taking a cholinergic medication, begin a memory-training program, and try various other strategies to protect her brain. He explained to Sally that success with this treatment required acceptance and a strong commitment. The psychiatrist also expressed concern about unnecessary elective surgeries because repeated general anesthesia can potentially worsen memory ability.


Sally began walking a half hour every day and taking medication to improve her memory. She started a program for keeping her brain young that included antioxidant foods and stimulating mental aerobics. In several weeks, Sally, as well as her family and friends, noticed improvement in her memory and her mood.


Sally had a wonderful time at her sixty-fifth birthday party, as did everybody else. And she and her daughter looked just like sisters.





Beginning a program to improve memory and slow down brain aging requires accepting that we need such a program. A better understanding of what actually happens to our memory abilities and our brains as we age will help us keep our brains at their peak performance.


What Is Memory?


Normal memory performance involves both learning and recall (Figure 1.1) and requires intact functioning of several regions of the brain and the brain cells, or neurons, within them. We generally think of memory as an abstract concept—a thought, image, sensation, or feeling that is stored somewhere in our brain’s filing cabinet, ready to be pulled out at will. However, because our brains comprise nerve cells, chemicals, and electrical impulses, our memories are actually encoded, stored, and retrieved as a result of minuscule chemical and electrical interactions.


Each nerve cell in the brain has a single axon that acts like a telephone line, conducting nerve impulses toward neighboring neurons. The friendly neuron next door receives the countless assortment of electrical impulses sent to it daily, through its dendrites—bunches of thin filaments extending out like little antennae, receiving and sending information. But the new info is not home free yet.


To allow all of our brain’s neurons to communicate with the others, the axons and dendrites form thousands of branches, and each branch ends in a synapse, a specialized contact point or receptor that recognizes only extremely specific information being passed between neurons. Each neuron has approximately 100,000 synapses.


Electrical nerve impulses containing the new information, retrieved memories, or relayed messages shoot down the neuron’s axon and slip through one of its skinny dendrites into a hyperspecific synapse, where a packet of chemicals, known as neurotransmitters, gets released. These neurotransmitters are the “carrier pigeons” that travel the minuscule space from one synapse to the next. Upon arrival, the correct chemical neurotransmitter binds with its corresponding receiver, and voilà! The message is received. In this way, thoughts and ideas are conveyed, information is learned, and memories are retrieved, all of which cause us to do, think, or act in different ways.


In any waking situation, our senses are bombarded by sights, sounds, and other stimuli that pass through our immediate memory and move into a holding area known as short-term memory. We usually lose most of these fleeting sensations in milliseconds, and of the few retained in our short-term memory, only a small percentage ever make it into long-term memory storage. Today, thanks to our computers, smartphones, and other devices, we are constantly bombarded with more and more incoming data. This often results in information overload that likely decreases the percentage of stimuli that enter our short- and long-term memory stores.


An essential key to retaining information longer is to organize and rehearse it, thus actively working it into our long-term memory. Some people require great effort to develop these skills, whereas others are born with a knack for memory techniques and “tricks” to reinforce new information and make it stick. They are often considered to have “photographic memories”—a myth we shall discuss later.


Once information is lodged in our long-term memory, it becomes relatively permanent and can be recalled years later—as long as our brains remain healthy. Whereas short-term memory has only limited capacity, long-term memory has the potential to store tremendous amounts of information. Retrieving this information later, or pulling it out of memory storage, is known as recall. Even patients with advanced Alzheimer’s disease, who may have difficulty remembering their morning meal, have been known to recall long-ago events, such as their first date with a sweetheart, in vivid detail.


Figure 1.1
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Scientists have learned how the brain converts short-term memories into permanent ones at the molecular and cellular level. A specific protein must be present in the brain’s cerebral cortex, the outer rim of the brain containing gray matter, for the process to succeed.


The brain’s hippocampus, a seahorse-shaped brain structure located in the temporal lobe of the brain (near the temples), stores information on a temporary basis—much as a computer holds data in its random access memory. When the brain converts the information into permanent memory, similar to writing data to a computer’s hard disk, the hippocampus interacts with the cerebral cortex to complete the task.


Sex, Style, and Emotion


People vary in their learning styles. Long before I became interested in memory research, I instinctively relied upon my visual learning strengths in everyday life. I had always found it easier to remember someone’s last name if I spelled it out in my mind’s eye. Auditory learners retain information best if they hear it, whereas visual learners remember best when they actually see the information.


Memory and other cognitive skills often vary according to gender: women tend to have better verbal and language abilities, whereas men generally have the edge in spatial and mathematical abilities. However, when I mentioned this to Gigi, she nearly managed to talk me out of it.


Various other factors influence our memory abilities. Emotional states have a major impact on the efficiency and the quality of memories. Ask yourself where you were and what you were doing when you learned about the planes crashing into the World Trade Center on 9/11. (If you are too young to remember that, you may not need this book yet!) All of us who were around certainly know the details of where we were, whom we were with, and how we felt, yet I doubt that we can remember similar details of events the week before. Information that is emotionally charged has a distinct quality and is easier to learn and recall. The memory of your first crush in elementary school probably remains distinct. Many of us can recall details of that boy or girl we barely knew decades ago. By contrast, when we are experiencing feelings of depression and prolonged anxiety or stress, we become distracted and our memory abilities diminish.



Memory Changes with Age


Although we all experience some forgetfulness as we age, we each differ in our degree of memory change, our concern about it, and the steps we take to cope. By the time we reach our thirties and forties, so-called normal memory complaints become more common.


Middle-aged and older people most often notice difficulties with:




• People’s names


• Important dates


• Location of household objects


• Recent and past events


• Meetings and appointments


• Recalling information




Age-related memory loss more often involves recent memories rather than distant, past ones. We might forget what movie we saw last weekend yet still recall our ninth grade homeroom teacher’s name. Neuropsychological evidence shows that age tends to slow down our learning and recall skills, perhaps making it more difficult for older adults to learn a foreign language or scientific discourse. (I wouldn’t want to try to pass advanced calculus again at 50.)


Older people have greater difficulty multitasking and our reaction time can slow down as we age, which can affect our daily activities. Many older drivers compensate by driving more slowly, which can be a hazard in itself. Memory training (Chapters 3 and 6) and a program of mental aerobics (Chapter 5) can help lessen the impact of many of these age-related changes.


In the early 1990s, memory experts defined diagnostic criteria for the memory changes that accompany normal aging. When someone over 50 had a memory impairment demonstrated by at least one standard memory test, along with a subjective awareness of memory changes, they called the phenomenon age-associated memory impairment (also referred to as normal aging). These experts estimated that 40 percent of all people are affected by this condition upon reaching their fifties, 50 percent in their sixties, and over 70 percent by age 70 and older.


Although there is debate over whether age-associated memory impairment will or will not progress and at what rate, it is likely that the condition precedes other, more severe memory declines.


Without some form of intervention, whether it’s implementing strategies to keep your brain young and healthy or, if needed, medical evaluation and treatment, people who ignore their age-associated memory impairment may eventually develop mild cognitive impairment. An estimated seventeen million Americans over age 65 suffer from this more severe memory decline, and this condition has a 10 to 15 percent chance of developing into Alzheimer’s disease with each year that passes.


Figure 1.2
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These diagnostic categories—age-associated memory impairment, mild cognitive impairment, and Alzheimer’s disease—are basically categories of convenience, allowing doctors and scientists to better understand our aging brains and test treatments to alleviate memory decline (Figure 1.2). In reality, the changes in our brains and the memory difficulties we experience are continuous, fluid processes beginning remarkably early in our lives. Several studies point to just how early.


Language Skills and IQ Tests at 20 Predict Alzheimer’s Disease at 80


In the 1980s, Dr. David Snowdon and his associates at the University of Kentucky performed clinical evaluations and standard memory tests on a group of nuns who were aged 70 or older. Each of these participants in what is known as the Nun Study kept diaries when they entered their convents in their early twenties. The scientists had access to these earlier documents and performed a standardized linguistic analysis of these diaries, objectively rating early language ability. The nuns whose youthful writings demonstrated greater idea density and grammatical complexity were much less likely to develop significant memory loss or Alzheimer’s disease decades later, in their seventies.


The study’s conclusion, that language ability at age 20 may predict whether someone will get Alzheimer’s disease fifty years down the road, stirred debate over whether learning and educational enrichment protected the brain from decline over time, the “use it or lose it” theory. Today, we have more scientific information to support the possibility that both nature and nurture contribute to brain aging and memory decline, and that those declines can be detected decades before people reach old age. For example, Dr. Linda Chang of the University of Hawaii and coworkers performed MRI scans (magnetic resonance imaging), cognitive assessments, and genetic tests on more than 1,100 healthy children and adolescents aged 3 to 20 years and found that those young people with the APOE-4 genetic risk for Alzheimer’s disease had smaller hippocampal memory centers and lower memory scores than did those without the genetic risk. The findings suggest that genetic testing in young children may provide the earliest indicators to identify those who might benefit most from early prevention strategies to avoid and delay the onset of dementia late in life.


Other investigators have focused on assessments of intellect, which tend to be stable throughout life, but may still provide early signs of subtle cognitive challenges. Scottish psychiatrist Dr. L. J. Whalley and his colleagues studied intelligence test records to determine whether a person’s IQ early in life predicted Alzheimer’s disease up to fifty years later. This group found that people with lower intelligence test scores in childhood had a greater risk for the late-onset form of Alzheimer’s disease that begins after age 65.


Dr. Whalley offered several explanations for the observation, including the possibility that people with lower intelligence in childhood might engage in behaviors later in life that put them in greater danger of getting Alzheimer’s disease. They may eat a less healthy diet, avoid exercise, or smoke. Alternatively, the low IQ score may reflect the early signs of the disease itself deteriorating the brain subtly early in life. This could then influence school performance and further educational pursuit. Together, this body of research suggests that having less education may not be the cause but may actually be the result of the early stages of brain aging.


The Incredible Shrinking Brain: Beware of Plaques and Tangles


As our brains age, the synapses, or connections between neurons, begin to function less efficiently. Messages firing from one region of the brain to another may get scrambled, and crucial communication from one part of the brain to the other may break down. One area of your brain may tell you to walk into the kitchen and open the refrigerator, but then you just stand there. Unfortunately, the part of the brain that should have told you to reach in and get a soda because you’re thirsty didn’t receive the message.


Data show that as our neurons age and die, the actual overall sizes of our brains shrink or atrophy. Also, our aging brains accumulate lesions known as amyloid plaques and neurofibrillary tangles. These collections of decayed material result from cell death and degeneration of brain tissue, particularly in areas involved in memory: the temporal (under the temples), parietal (above and behind the temples), and frontal (near the forehead) regions of the cerebral cortex, the outer layer of brain cells. As these lesions accumulate, a healthy, plump brain containing only sparse plaques and tangles gradually shrinks to an atrophied Alzheimer’s brain riddled with plaques and tangles.


Historically, a definitive diagnosis of Alzheimer’s disease could only be made at autopsy after a patient had developed dementia (i.e., a cognitive impairment severe enough to interfere with daily life). The pathologist would count up the number of plaques and tangles that had accumulated in these key brain regions, and if their concentration surpassed the defined threshold, the patient under examination definitely had Alzheimer’s disease. Scientists have studied brain autopsies in people who had only mild cognitive impairment rather than dementia. They see the same plaques and tangles, in the same brain areas, only in lower concentrations.


These autopsy studies have now been extended to people in their twenties and thirties who had normal memory abilities, and still these brain lesions are seen to be present, albeit in lower concentrations. In every age group, the accumulation pattern is consistent: the lesions start in areas near the temporal lobe and spread to the parietal and frontal regions. Most of us, unless of course we have a genetic risk or some other predisposition, don’t live long enough to reach the plaque-and-tangle threshold defined as full-blown Alzheimer’s disease.


Studies of the annual incidence of Alzheimer’s disease, or the percentage of the population that develops it each year, show that the rate of new Alzheimer’s cases doubles every five years between ages 65 and 90. Scientists suspect that if the current trend toward increased life span continues, people may soon be living, on average, well into their eighties and nineties. Unfortunately, the proportion of the population with Alzheimer’s or another dementia will rise correspondingly. In fact, I suspect that, if we did nothing to prevent brain aging, the prevalence of Alzheimer’s disease would approach 100 percent if we all lived to be age 110 (Figure 1.3).


Figure 1.3
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The rate at which our brains age varies according to our individual genetic predisposition, lifestyle choices, and our lifelong environmental exposures. Also, the use of new technological advances allows us to recognize the earliest signs of brain aging without having to dig up our old high school diaries or agree to a brain biopsy.


Big Heads Don’t Make Men Smarter


Subtle and not so subtle differences between women and men likely influence memory abilities and brain health as they age. Women have smaller brains than men. (It’s just a fact, don’t shoot the messenger.) The average brain weight for an adult man is just over three pounds, whereas the typical woman’s brain is a bit over two and two-thirds pounds. Neuroscientists have found that generally the bigger the brain, the smarter the animal, but that rule does seem to break down with the human brain—a point my better half will argue adamantly.


Studies of brain structure and function have shown that although women have smaller brains, their brains are more efficient, thus leveling the overall intellectual abilities between women and men.


Dr. Ruben Gur and his colleagues at the University of Pennsylvania looked at the amount of gray matter in the brain—the outer part containing cell bodies that allow us to think—and found that, on average, 55 percent of a woman’s brain contains gray matter, compared with only 50 percent of a man’s brain. This may explain why women score higher in language and verbal ability tests than men. By contrast, men have a higher proportion of white matter, which transfers information from distant regions, perhaps a key to their greater visual-spatial abilities.



Granny’s Not Sick, She’s Just Old and Getting Senile


When I was growing up, Billy J., the kid across the street, had his grandmother living with him. Every once in a while, she would wander out of the house, and Billy’s parents would have to go looking for her with the car. One time, they didn’t find her for an entire day. When my father, a physician, asked Billy’s dad if he could recommend a doctor to help her, Billy’s dad laughed and said, “Granny’s not sick, she’s just old and senile.”


Early in my clinical and research training in geriatric psychiatry and Alzheimer’s disease, Dr. Lissy Jarvik stressed that senility was not a normal part of aging but instead a disease. This was an important message at the time because most experts were ignoring the problems of aging, even the most common ones: memory loss and dementia. By emphasizing the disease factor, investigators began to approach the problem as an abnormality that required accurate diagnosis and specific treatment.


In fact, this has long been the basic approach of Western medicine, to diagnose a disease and look for the best treatment and cure. It is still a challenge to initiate proactive, preventive approaches to diseases. We all want a quick cure, a magic pill to alleviate our problems when they occur. Patients and physicians are reluctant to “fix it if it ain’t broke.” But when it comes to an aging brain, what we don’t know will hurt us.


Understanding senility to be a disease state, whether in its early or late forms of dementia or as full-blown Alzheimer’s disease, was crucial to getting researchers to focus on how our brains change with age and the problems that can and do arise. With today’s knowledge, as well as new tools that allow scientists to see the brain changing at its very earliest stages, the future lies in research and treatment to help slow or halt these changes and someday repair any existing damage.


Of course, we must all first face our own fears about what our memory problems may imply and any stigma we attach to “mild forgetfulness.” With the understanding that brain aging is a human phenomenon that affects us all, hopefully people will begin using The Memory Bible’s strategies to become proactive about preventing memory loss and protecting their brains from Alzheimer’s disease. Those with more pronounced memory loss conditions may become empowered to come forward and begin using new brain-imaging technologies for early detection and treatment of dementias and Alzheimer’s disease.


Memory Training—Brain Fitness


If you’re reading this, you are most likely seeking knowledge on how to maintain a young and healthy mind, maximize your memory performance, and protect your brain from Alzheimer’s disease. The memory program described in the chapters ahead will help you accomplish these goals. What’s more, you will see your memory improve as soon as you get started.


When neuroscientists studied brain scans of volunteers playing the computer game Tetris for the first time, they found high levels of brain activity. A month later, when the volunteers had become proficient at the game, their scans displayed significantly lower levels of brain activity. This lower brain activity, indicating greater mental efficiency, tells us that with time, practice, and familiarity, our brains essentially adapt themselves to achieve the same results with less work. The process is similar to what occurs when people train their muscles by lifting weights—their bodies eventually develop muscular efficiency. Bench-pressing the same barbell will require much less effort after a month of training, and most athletes have to add more weight if they wish to continue strengthening.


Knowing that our brains can become more efficient if we practice or become skilled at memory techniques, we can begin to systematically train our brains. By using games, puzzles, and some new approaches to daily activities, we can improve our short- and long-term memory abilities and possibly prevent future memory loss and Alzheimer’s disease.


Studies have shown that memory training, an integral part of any program to slow brain aging, benefits more than just mild forgetfulness and overall memory. The training also gives the user an awareness of their improvement, allowing them to feel good about their enhanced learning and recall skills, which in turn improves their memory performance even more.


Research points to various forms of mental activities, vocational occupations, and educational achievement as a means to decrease our risk for future memory decline and eventual development of Alzheimer’s disease. People engaged in mentally challenging jobs or pursuits are somehow more protected from future memory losses.


Scientific cause and effect has been proven in the laboratory using mature animals, half of which were allowed to live in a mentally stimulating and exciting environment with mazes, toys, and hidden surprises and snacks. The other half was exposed to dull, standard-issue laboratory living environments. Although brain size in these mature laboratory animals generally shrinks with age, the animals exposed to mentally stimulating environments had higher numbers of neurons in the memory areas of the brain as well as better learning abilities than the experimental animals in the less interesting settings. If these findings hold true for humans, they point to continued mental activity throughout life as a strong preventative for future cognitive decline.




Joe T., an insurance agent, and his wife, Alice, a school administrator, used their savings to buy a small second home overlooking the fifth hole of a beautiful golf course in a desert retirement community. Although it took four hours to get there, they used it almost every weekend and holiday, usually inviting friends or family along to golf and enjoy the views. Joe was ecstatic when he and Alice finally qualified for early retirement—at last they could stop working, move to their desert house, and start living the good life while they were young enough to enjoy it.


Alice cried at her office farewell party—after twenty-six years, her coworkers had become like family and she had enjoyed the daily challenge of coming to work and “putting out fires.” As they finished packing, Joe was more excited than a kid on his first trip to Disneyland. He kissed Alice, the love of his life, as he carefully folded an array of new Hawaiian shirts and swore he’d never wear a suit and tie again.


The first six months in the desert passed quickly as Joe relandscaped, installed an outdoor grill, and perfected his golf swing. Alice got busy redecorating the house and entertaining their frequent houseguests. Before the year was out, Alice, who had already cut back on golf due to the heat, was sidelined altogether by a sprained ankle. They got cable TV so she could watch her favorite old movies.


Their daughters and grandchildren began to visit less frequently, as did their friends. Alice understood that everybody had hectic work and school schedules and that it wasn’t easy to get away to the “good life” every weekend, but she still got lonely. Joe encouraged Alice to get involved with the country club and other local groups.


Alice tried, but she was never fond of playing bridge and soon grew weary of the club’s events and the community’s women’s organizations. She spent hours on the phone with friends and family and checked in with her old office at least once a week. She missed her old life and was just plain bored.


She began having trouble sleeping through the night and needed to nap during the day. Alice became withdrawn and depressed, and Joe couldn’t understand it. He tried to make her see the bright side—they were healthy, they were in love, and they were living their dream. Alice wondered if she had ever actually had this dream. Perhaps it was just that Joe had wanted it so badly that she started wanting it too, because she loved him. Well, it hardly mattered now.


Alice’s memory lapses started slowly—forgetting a barbecue at the clubhouse, mixing up the arrival dates of visitors—but they were soon noticeable to Joe and their daughters. Alice had never before missed a birthday call to the grandkids or forgotten to buy half the items she needed at the market. She was worried and told Joe that either she was going senile or the desert heat was cooking her brain.


They consulted a local doctor to help figure out why these memory problems had come on so quickly. After all, she had gotten rid of the stress and responsibilities of her job and she needed to remember less now than she used to. After examining Alice, the doctor concluded that her memory lapses might be due to boredom and general lack of mental stimulation. It sounded to him like maybe what she needed was to get a job. Joe immediately said that was ridiculous, they were retired now, but Alice was intrigued by the idea.


She was reluctant to make Joe alter his dream in any small way, but in marriage one learns to compromise, and they had always done it well.


There was a job opening for an executive administrator at the local school board, and Alice easily landed it. Her memory improved, her ankle healed, and for her, the good life included the daily mental challenge that came with work and productivity.





For Alice and many like her, mental stimulation is crucial to mental health and memory performance. She had thrived on a certain level of mental stimulation, and once that was removed, she swiftly declined. Memory training is actually a focused form of mental stimulation that allows you to efficiently pack a big memory punch in a short amount of time. Even if memory training doesn’t ultimately prevent Alzheimer’s disease, it will improve current memory ability. It is eminently achievable. One of the greatest benefits of memory training is that it gives us tools to use throughout our lives. If we master the techniques early on, we have a better chance of heading off memory loss that might emerge in the future.


Windows to Your Brain: Technologies That Detect Brain Aging


Despite our best efforts in gyms and beauty salons, the physical results of aging are fairly obvious: wrinkling skin, graying hair, even disappearing hair for many of us. In contrast, brain aging is a much greater challenge to detect. Scientists have searched for decades to find a way to view brain structure and function, so as to pinpoint a problem that might improve with treatment and determine the specific treatment, when to intervene, and whether the patient was benefiting from it.


During the past few decades, there have been research breakthroughs from diverse scientific disciplines—genetics, chemistry, physics, biomathematics, as well as others—that are finally opening windows into the brain, using such new technologies as positron emission tomography (PET) scanning. We can now view brain aging directly and thereby specifically guide our treatments to prevent future memory loss.


During medical school in the mid-1970s, I remember our excitement the first time we viewed computed tomography (CT) scans of the brain. We finally had a way to look at brain tissue beyond what conventional X-ray machines could provide. With the development of MRI scans, we could see even more detailed brain images—enabling us to diagnose strokes, tumors, and hemorrhages. Although these innovative techniques provided information on brain structure or shrinkage, indicating that brain cells had already died, they offered no information about how well the still-living brain cells were functioning. If only we could actually see how effectively the neurons were or were not communicating with one another, then we might be able to pick up, and treat, subtler brain deficiencies before the cells died. Thanks to my UCLA colleague Dr. Michael Phelps and others, we have the stunning breakthrough discovery of PET scanning and can finally see this kind of subtle brain dysfunction in living humans.


Positron emission tomography reveals a consistent pattern in Alzheimer’s disease. The parietal and temporal areas—where Alzheimer’s first strikes—show reduced activity in the early stage of the disease. It looks as if those important brain memory centers are subtly and gradually fading away (Appendix 2). The PET scan is certainly a sensitive technology for making an accurate, early diagnosis for guiding treatment. We have used it in our clinics to diagnose Alzheimer’s disease years before most doctors would be able to confirm the diagnosis with conventional methods.


There are many of us who suffer from much milder memory symptoms, and my research team wondered whether these imaging technologies could help us recognize more subtle brain aging. By combining PET scanning and information on a person’s genetic risk for Alzheimer’s disease, we uncovered a way to observe very mild brain aging—the changes that are occurring today in many middle-aged and older adults. These tools may also help us to gauge the success of our memory fitness program and other interventions at slowing that brain-aging process down.



DNA Before AARP—Genetics of Brain Aging


The science of genetics has ballooned in the last fifteen years. Most of us know that genes are the blueprints of life, and everybody’s DNA differs just enough to make us all individuals—more reliable, even, than fingerprints.


When we think of genetic traits being passed from one generation to the next, we usually think of physical features such as hair and eye color, facial features, height and build, and so on. It is only in recent years that medical conditions, such as heart disease, high cholesterol, and cancer, have been discovered to pass within families genetically.


Traditionally, the common, late-onset form of Alzheimer’s disease, which affects people after age 65, was not thought to have a genetic influence, but to be a normal result of aging. We now believe the cause involves a combination of environmental, lifestyle, and genetic influences.


Many genes have been discovered to be involved with age-related memory loss and Alzheimer’s disease. A defect in some genes causes early-onset familial Alzheimer’s, a rare and devastating form of the disease that hits people early in life, before age 65, and normally strikes half the relatives in those families.


For the common late-onset Alzheimer’s, however, one major genetic risk has been discovered: apolipoprotein E, a.k.a. APOE. This APOE gene makes a protein that transports cholesterol and fats through the body and is known to influence the risk for heart disease and related conditions, so it was a big surprise when geneticists found another link—this time to Alzheimer’s disease and memory loss. APOE comes in three different forms, or alleles: APOE-2, APOE-3, and APOE-4. All of us inherit one APOE form or allele from each parent for a combination of two alleles, known as a genotype.


Drs. Allen Roses, Margaret Pericak-Vance, and their coworkers at Duke University were the first to show that the APOE-4 allele was much more frequent in Alzheimer’s patients than in normal people. Approximately 65 percent of the population has the APOE 3/3 genotype; 20 percent has the 3/4 genotype—a high risk for developing late-onset Alzheimer’s disease; and 2 percent the 4/4 genotype—an even higher risk for Alzheimer’s disease.


Although the APOE-4 gene increases a person’s risk for Alzheimer’s and makes it more likely that they’ll get the disease at a younger age, an APOE blood test result alone is not enough to accurately predict whether an individual will get the disease. The research team I have directed achieved a significant advancement in understanding the brain-imaging window using PET by linking it to the latest research in genetics. Combining these scientific technologies for the first time provided a key for early detection of subtle brain changes related to aging, changes that may precede the onset of Alzheimer’s disease by several decades.


Prevention Is the Best Medicine


By the time a patient develops Alzheimer’s disease, the damage is done and irreversible. In the absence of a “cure,” our best shot at beating Alzheimer’s lies in prevention, and targeting mild forgetfulness is where we at UCLA started. A large challenge has been to determine which of the millions of forgetful people would be most likely to benefit from preventative treatments.


In the mid-1990s, our research group combined information about brain function and genetics in our studies of people with only mild memory complaints. With aid from the National Institutes of Health and in collaboration with the Duke University genetics group, we found that middle-aged people without Alzheimer’s disease still displayed decreased brain function in the parietal region of the brain—an area important to memory—if they possessed the APOE-4 genetic risk. Dr. Eric Reiman and his collaborators at the University of Arizona independently confirmed our discovery. Our research group also discovered that this decreased brain activity worsens over the years. Everyone with the APOE-4 genetic risk for Alzheimer’s disease showed decline in brain function on follow-up PET scans in the parietal and temporal memory areas of the brain.


These discoveries have provided us a standard way to detect decline in brain function long before people get to end-stage brain aging, that is, Alzheimer’s disease. In response to these breakthroughs, moreover, my team has developed innovative clinical and research programs wherein we test new treatments to see whether we can slow down the decline in brain function in adults at any age, from 20 to 100 years.


For a preventative treatment to be considered effective, it must slow down the rate that brain activity declines over the years compared with a placebo or an inactive intervention. In Figure 1.4, the solid line indicates the rapid decline of someone receiving a placebo, while the dotted line shows the slower decline of someone receiving an active drug that prevents brain aging as measured by a PET scan. Using this approach, we have tested several drugs and nutritional supplements in middle-aged and older people, as well as the effects of memory training and mental aerobics on stabilizing brain function and slowing brain aging.


Figure 1.4
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College Grads Get Higher (… Brain Activity, That Is)


Following up on the conclusions from the Nun Study—that subtle differences in the language abilities of young people might predict the development of Alzheimer’s disease fifty years later—my research team attempted to use PET scans to detect such brain function deficits in young adults. Dr. Daniel Silverman and I looked at the scans of people with normal memory abilities and compared their brain function in the posterior cingulate memory center, according to whether they had finished college. We found that those who had completed college displayed higher brain function during mental rest; however, this increased brain activity diminished with age. The 50-year-old college grads in our study had much higher activity levels than the 50-year-olds who did not complete college, whereas the 80-year-old college grads had only a very slight, if any, increase above 80-year-olds who did not complete college. Age had worn away their brain function reserve.


Based on these findings, Dr. Silverman and I systematically reviewed the PET scan results of a much larger group of young adults according to their educational achievement. We had results of PET scans showing the brain activity of people in their twenties—the same age as the nuns in David Snowdon’s study when they displayed differences in language ability predicting Alzheimer’s disease fifty years later. Figure 1.5 illustrates how people with higher education have enhanced brain activity and how this effect disappears with age.


Our study not only demonstrated subtle patterns of brain function reserve in young adults, but it supported the idea that subtle brain changes can be observed in people beginning in their twenties, an age when Alzheimer’s disease wouldn’t normally strike for another forty or fifty years. When we looked at the effect of higher education added to the effect of the Alzheimer’s APOE-4 genetic risk, we found, as expected, that the young adults with the greatest brain activity had completed college and did not have the APOE-4 gene. It is interesting to note, however, that the influence of a college education on a person’s brain activity reserve was even more powerful than that of the APOE-4 risk gene. Ideally, someone concerned about their APOE-4 genetic risk could compensate for possible brain activity deficits through further education.


Figure 1.5
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These observations are consistent with autopsy studies of young individuals aged 22 to 46 years that have found the earliest stages of collections of plaques and tangles in 36 percent of those with the Alzheimer’s APOE-4 genetic risk, compared with only 11 percent of those without the genetic risk.


As yet, there is no conclusive evidence on the mechanism by which education protects brain cells. A study of brain autopsies showed that people with lower educational attainment had more evidence of vascular disease in their brains compared to those who had attended college. Studies show that educated people may be less inclined to smoke, drink too much, and eat fatty diets, which could keep their brains healthier. Our research group’s discovery is also consistent with the “use it or lose it” theory—it is also possible that having a healthier brain to begin with sets one on the college trajectory.


Other studies suggest that protecting the brain early in life through education and mental stimulation may be even more important than later in life. Such early environmental enrichment in childhood likely contributes to cognitive reserve, which is the brain’s ability to find alternate ways of completing a mental task thus allowing it to optimize performance in the presence of injury or pathology. In support of this concept is the repeated observation that some individuals with no apparent symptoms of dementia are found, at autopsy, to have brain changes consistent with advanced Alzheimer’s disease. These individuals did not show symptoms of the disease while they were alive because they had a large enough cognitive reserve to offset the damage and continue to function as usual.


Investigators at Rush University Medical Center in Chicago, Illinois, looked into whether cognitive enrichment that occurs early in life is associated with cognitive decline late in life. To address this question, they studied early-life socioeconomic status, availability of cognitive resources at 12 years of age, the frequency of participation in cognitively stimulating activities, and early-life foreign language instruction in over eight hundred research participants whose average age was 90 years. They found that these indicators of early-life cognitive enrichment were significantly associated with better late-life cognitive health, thus further supporting the idea that it is never too early in life to start protecting our brains.



The Cognitive Stress Test


My research group also has developed a cognitive stress test, similar to a cardiac stress test that a cardiologist might give a heart patient, whereby the patient exercises on a treadmill to stress the heart, in order to bring out subtle cardiac abnormalities not observed on an electrocardiogram performed during rest. In devising the cognitive stress test, we asked volunteers to perform memory tasks during brain scans to observe subtle brain alterations not observed by the scanner during mental rest. Dr. Susan Bookheimer and I used functional MRI scans, which show brain activity during mental tasks.


About half of our study’s volunteers had the APOE-4 genetic risk for Alzheimer’s disease, while the other half did not. Everyone performed the same memory tasks during their scans, which included learning and then attempting to recall a series of unrelated word pairs (e.g., author–tree, table–elephant). All the participants performed this task relatively well, but those with the Alzheimer’s APOE-4 genetic risk required a significantly greater amount of brain activity to accomplish the same memory task. The areas of the brain that worked the hardest to complete the memory tasks were the very same areas where Alzheimer’s disease initially strikes. In fact, within the hippocampus, one of the brain’s main memory centers, brain activity for the at-risk volunteers was double that of people without the genetic risk. Not surprisingly, our cognitive stress test was fairly accurate in predicting which participants eventually developed further memory loss several years later.


PET Scanning and Genetic Testing: Are They Ready for Prime Time?


In 2004, I was part of a group of PET scan researchers to speak to policy makers at the Centers for Medicare & Medicaid Services (CMS), the federal agency that administers Medicare and Medicaid (in partnership with state governments). We detailed the scientific evidence indicating the value of PET scanning in detecting Alzheimer’s disease early in its course and differentiating it from other forms of dementia. Following lengthy discussions and input from community stakeholders, the agency concluded that the use of a PET scan was reasonable and necessary in patients who had a recent dementia diagnosis and met diagnostic criteria for both Alzheimer’s disease and frontotemporal dementia. This decision was based in part on the fact that PET scan patterns can differentiate between these two forms of dementia. The agency realized that the PET scan images can guide treatment strategies, since medications used to treat Alzheimer’s disease are not indicated for patients with frontotemporal dementia.


Most doctors do not recommend APOE genetic testing for only mild memory complaints. If someone receives a clinical diagnosis of Alzheimer’s disease, then an APOE test might be recommended to increase diagnostic accuracy. In those rare families where nearly half of relatives develop Alzheimer’s disease before age 65, more extensive genetic counseling and testing is generally recommended.


We are continuing our work on combining PET scanning and genetic risk testing to assess new therapies for mild memory complaints that would prevent further brain function decline and memory loss. At the same time, geneticists are getting closer to identifying additional genetic risks for Alzheimer’s disease as we continue to refine and automate our biological brain-imaging technologies.
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