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Praise for
THE TELOMERE EFFECT

“Elizabeth Blackburn and Elissa Epel have discovered that telomeres, the capping structure at the end of your DNA that make up your chromosomes, do not simply carry out the commands issued by your genetic code. Telomeres are listening to you. They absorb the instructions you give them. They respond to you being stressed and to your being relaxed, to your being sad or your being happy. Thus, telomeres contribute to the state of your brain, to your mood, to the speed of your aging, and to your risk for neurodegenerative diseases. In other words, we can change the way we age at the most elemental cellular level. So if you want to keep your brain sharp, you have to know about your telomeres and stay in touch with them. This book shows you how you can do this, and it does so in a way that is both intellectually exhilarating yet easily accessible to all. This book will become a classic. It is one of the most exciting books in biology to emerge in the last decade.”

—Eric Kandel, Nobel laureate, author of In Search of Memory: The Emergence of a New Science of Mind

“Improving public health requires that people know the truth about their own lives. Blackburn and Epel reveal the discovery of how cells age and how certain forces in our lives cause us to get sick and age prematurely. The Telomere Effect explains the often-invisible things that affect all of our lives, giving us a fresh new level of awareness and helping us make better choices individually and socially for greater health and longevity. In short, it will change the way we think of aging and disease.”

—David Kessler, MD, former FDA commissioner, author of the New York Times bestseller The End of Overeating and Capture

“Using both science and personal stories, Blackburn and Epel demonstrate that how we live each day has a profound effect not just on our health and well-being but how we age, as well. It’s a manual for how to live younger and longer. Spoiler alert: sleep is a key element. The Telomere Effect is a book that will help you thrive at every level.”

—Arianna Huffington

“Elizabeth Blackburn and Elissa Epel have discovered a revolutionary set of findings that can transform the way we live our lives, shaping the very health of our cells by how we use our minds. These pioneers of well-being unveil a story of the power of our interpersonal connections—in romance, friendship, and child-parent relationships—to slow the rate of cell aging.

“These powerful discoveries are made useful in your day-to-day life with a wealth of science-based suggestions, which will delight your mind, enrich your day, and improve your health.”

—Daniel J. Siegel, MD, author of Mindsight and Brainstorm

“Blackburn and Epel lay out a road map for thriving as we age by eloquently illuminating the intricate relationships between the psychology and the biology of aging. Drawing on telomere science, they empower and inspire readers to enhance their healthspans. The authors point to realistic possibilities long life affords, in language that is accessible, informative, and highly engaging.”

—Laura L. Carstensen, PhD, professor of psychology, founding director of the Center on Longevity at Stanford University, author of A Long Bright Future

“The Blackburn-Epel ‘dream team’ has condensed a massive body of complex scientific data into a highly readable, nontechnical ‘how-to’ manual on strategies that will help anyone who is human: a truly extraordinary gift to all of us who want to enhance our health, no matter at what stage of life we are in.”

—Rita B. Effros, PhD, professor, David Geffen School of Medicine at UCLA, 2015 president, Gerontological Society of America

“The authors of this fascinating book show how the telomeres in our bloodstreams are responsive to many aspects of our daily existence. In these pages, telomeres become the nexus of an important discussion of vulnerability and resilience to influences of our social and physical environment and the important role of the mind-body connection. In our future, it may be that telomere monitoring will help us pursue better health—a new frontier waiting to be explored. Regardless, you will learn a lot that can benefit your ‘healthspan.’”

—Bruce McEwen, PhD, professor of neuroscience, the Rockefeller University, author of The End of Stress as We Know It

“Dr. Elizabeth Blackburn is the expert on telomeres, which are the tips that protect our chromosomes and correlate remarkably with health and longevity. Her and Dr. Epel’s scientific discoveries and their potential importance for our health, both individually and collectively, are profound, and their apparent relationship to stress opens up an exciting array of potential healthy lifestyle changes.”

—Lee Goldman, MD, chief executive of Columbia University Medical Center, author of Too Much of a Good Thing: How Four Key Survival Traits Are Now Killing Us

“The breakthrough research that Drs. Elizabeth Blackburn and Elissa Epel have conducted has created a dramatic shift in our understanding of what is possible in terms of human health and longevity. Telomeres, the ends of your DNA, affect how quickly your cells age and die. As your telomeres get shorter, your life gets clouded with disease.

“Drs. Blackburn and Epel are the central researchers in the discovery of telomeres, their profound effect on health, and the myriad ways in which lifestyle choices can improve cellular aging. They have collaborated with researchers worldwide on studies from understanding cell-aging machinery to chemical exposures to mental-training classes aimed to improve cellular health. A study we collaborated on showed, for the first time, that comprehensive lifestyle changes may actually increase the length of our telomeres, thus beginning to reverse aging on a cellular level. This book is revolutionary, transforming the way our world thinks about health and living well, disease, and death. This work reveals a stunning picture of healthy aging—it’s not simply about individuals; it’s about how we are connected to each other, today and through future generations. It is hard to overstate its importance.”

Dean Ornish, MD, founder and president, Preventive Medicine Research Institute, clinical professor of medicine, UCSF, New York Times bestselling author of The Spectrum

“Some of us emphasize social determinants of health; others of us emphasize behaviors such as diet and exercise; still others look at psychology and health. What if we had a coherent and readily comprehensible way of understanding the biology that links all of these to health and disease and to length and quality of life? We would not only gain better understanding of causes of health and disease, but what to do to improve things. As Blackburn and Epel lay out

beautifully and clearly in this wonderful book, telomere length provides such a unifying biological mechanism. The authors take cutting-edge science and make it fascinating and intelligible for interested reader and expert alike. More than that, we warm to their humanity.”

—Professor Sir Michael Marmot, president of the World Medical Association, director, University College London Institute of Health Equity, author of The Health Gap: The Challenge of an Unequal World

“At last we are closing in on the intertwined biological, behavioral, and social influences on why some people thrive in good health while others are more likely to stumble and fall. Always educational and sometimes poetic, The Telomere Effect brings us a fascinating analysis from two of the world’s best researchers on behavior, health, and longevity.

“Avoiding quick-fix exhortations like New Year’s resolutions destined to be melting by spring, Blackburn and Epel explain the longer-term life patterns that play a role in longer telomeres, longer periods of good health, and longer life.

“This excellent book avoids the trap of seeing all stress and challenge as bad, and instead provides a nuanced understanding that trials and tribulations are not inevitably a health threat, because challenge can build resilience. The study of telomeres helps us understand what protects and toughens our cells. This is cutting-edge longevity science.”

—Howard S. Friedman, PhD, distinguished professor at the University of California, Riverside, author of The Longevity Project: Surprising Discoveries for Health and Long Life from the Landmark Eight-Decade Study

“The Telomere Effect gives us, in high relief and with exactly the practical level of detail we need, the long and the short of a new science revealing that how we live our lives, both inwardly and outwardly, individually and collectively, impinges significantly on our health, our well-being, and even our longevity. Mindfulness is a key ingredient, and importantly, issues of poverty and social justice are shown to clearly come into play as well. This book is an invaluable, rigorously authentic, and at its core, exceedingly compassionate and wise contribution to our understanding of health and well-being.”

—Jon Kabat-Zinn, author of Full Catastrophe Living and Coming to Our Senses
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Authors’ Note: Why We Wrote This Book

With a life span of 122 years, Jeanne Calment was one of the longest-living women on record. When she was eighty-five, she took up the sport of fencing. She was still riding a bike into her triple digits.1 When she turned one hundred, she walked around her home-town of Arles, France, thanking the people who’d wished her a happy birthday.2 Calment’s relish for life captures what we all want: a life that is healthy right up to the very end. Aging and death are immutable facts of life, but how we live until our last day is not. This is up to us. We can live better and more fully now and in our later years.

The relatively new field of telomere science has profound implications that can help us reach this goal. Its application can help reduce chronic disease and improve wellbeing, all the way down to our cells and all the way through our lives. We’ve written this book to put this important information into your hands.

Here you will find a new way of thinking about human aging. One current, predominant, scientific view of human aging is that the DNA of our cells becomes progressively damaged, causing cells to become irreversibly aged and dysfunctional. But which DNA is damaged? Why did it become damaged? The full answers aren’t known yet, but the clues are now pointing strongly toward telomeres as a major culprit. Diseases can seem distinct because they involve very different organs and parts of the body. But new scientific and

clinical findings have crystallized into a new concept. Telomeres throughout the body shorten as we age, and this underlying mechanism contributes to most diseases of aging. Telomeres explain how we run out of the abilty to replenish tissue (called replicative senescence). There are other ways cells become dysfunctional or die early, and there are other factors that contribute to human aging. But telomere attrition is a clear and an early contributor to the aging process, and—more exciting—it is possible to slow or even reverse that attrition.

We’ve put the lessons from telomere research into the full story, as it is unfolding today, in language for the general reader. Previously this knowledge has been available only in scientific journal articles, scattered in bits and pieces. Simplifying this body of science for the public has been a great challenge and responsibility. We could not describe every theory or pathway of aging or lay out each topic in fine scientific detail. Nor could we state every qualification and disclaimer. Those issues are detailed in the scientific journals where the original studies were published, and we encourage interested readers to explore this fascinating body of work, much of it cited in this book. We have also written a review article covering the latest research on telomere biology, published in the peer-reviewed scientific journal Science, which will give you several good directions into the molecular-level mechanisms.3

Science is a team sport. We have been truly privileged to participate in research with a broad range of scientific collaborators from different disciplines. We have also learned from research teams from all over the world. Human aging is a puzzle made up of many pieces. Over several decades, new pieces of information have each added a critical part to the whole. The understanding of telomeres has helped us see how the pieces fit together—how aged cells can cause the vast array of diseases of aging. Finally a picture has emerged that is so compelling and helpful that we felt it was important to share it

broadly. We now have a comprehensive understanding of human telomere maintenance, from cell to society, and what it can mean in human lives and communities. We are sharing with you the basic biology of telomeres, how they relate to disease, to health, to how we think, and even to our families and communities. Putting together the pieces, illuminated by knowledge of what affects telomeres, has led us to a more interconnected view of the world, as we share with you in the last section of the book.

Another reason we’ve written this book is to help you avoid potential risks. The interest in telomeres and aging is growing exponentially, and while there is some good information in the public domain, some of it is misleading. For example, there are claims that certain creams and supplements may elongate your telomeres and increase your longevity. These treatments, if they actually work in the body, could potentially increase your risk of cancer or have other dangerous effects. We simply need larger and longer studies to assess these potential serious risks. There are other known ways to improve your cell longevity, without risk, and we have tried to include the best of them here. You won’t find any instant cures on these pages, but you will find the specific, research-supported ideas that could make the rest of your life healthy, long, and fulfilling. While some ideas may not be totally new to you, gaining a deep understanding of the behind-the-scenes reasons for them may change how you view and live your days.

Finally, we want you to know that neither of us has any financial interest in companies that sell telomere-related products or that offer telomere testing. Our wish is to synthesize the best of our understanding—as it stands today—and make it available to anyone who may find it useful. These studies represent a true breakthrough in our understanding of aging and living younger, and we want to thank all who have contributed to the research that we are able to present here.

With the exception of the “teaching story” that appears on the first page of the introduction, the stories in this book are drawn from real-life people and experiences. We are deeply grateful to the people who shared their stories with us. To protect their privacy, we have changed some names and identifying details.

We hope this book is helpful to you, your families, and all who can benefit from these fascinating discoveries.





INTRODUCTION
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A Tale of Two Telomeres

It is a chilly Saturday morning in San Francisco. Two women sit at an outdoor café, sipping hot coffee. For these two friends, this is their time away from home, family, work, and to-do lists that never seem to get any shorter.

Kara is talking about how tired she is. How tired she always is. It doesn’t help that she catches every cold that goes around the office, or that those colds inevitably turn into miserable sinus infections. Or that her ex-husband keeps “forgetting” when it’s his turn to pick up the children. Or that her bad-tempered boss at the investment firm scolds her—right in front of her staff. And sometimes, as she lies down in bed at night, Kara’s heart gallops out of control. The sensation lasts for just a few seconds, but Kara stays awake long after it passes, worrying. Maybe it’s just the stress, she tells herself. I’m too young to have a heart problem. Aren’t I?

“It’s not fair,” she sighs to Lisa. “We’re the same age, but I look older.”

She’s right. In the morning light, Kara looks haggard. When she reaches for her coffee cup, she moves gingerly, as if her neck and shoulders hurt.

But Lisa looks vibrant. Her eyes and skin are bright; this is a woman with more than enough energy for the day’s activities. She feels good, too. Actually, Lisa doesn’t think very much about her age, except to be thankful that she’s wiser about life than she used to be.

Looking at Kara and Lisa side by side, you would think that Lisa really is younger than her friend. If you could peer under their skin, you’d see that in some ways, this gap is even wider than it seems. Chronologically, the two women are the same age. Biologically, Kara is decades older.

Does Lisa have a secret—expensive facial creams? Laser treatments at the dermatologist’s office? Good genes? A life that has been free of the difficulties her friend seems to face year after year?

Not even close. Lisa has more than enough stresses of her own. She lost her husband two years ago in a car accident; now, like Kara, she is a single mother. Money is tight, and the tech start-up company she works for always seems to be one quarterly report away from running out of capital.

What’s going on? Why are these two women aging in such different ways?

The answer is simple, and it has to do with the activity inside each woman’s cells. Kara’s cells are prematurely aging. She looks older than she is, and she is on a headlong path toward age-related diseases and disorders. Lisa’s cells are renewing themselves. She is living younger.

WHY DO PEOPLE AGE DIFFERENTLY?

Why do people age at different rates? Why are some people whip smart and energetic into old age, while other people, much younger, are sick, exhausted, and foggy? You can think of the difference visually:
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Figure 1: Healthspan versus Diseasespan. Our healthspan is the number of years of our healthy life. Our diseasespan is the years we live with noticeable disease that interferes with our quality of living. Lisa and Kara may both live to one hundred, but each has a dramatically different quality of life in the second half of her life.

Look at the first white bar in figure 1. It shows Kara’s healthspan, the time of her life when she’s healthy and free of disease. But in her early fifties, the white goes gray, and at seventy, black. She enters a different phase: the diseasespan.

These are years marked by the diseases of aging: cardiovascular disease, arthritis, a weakened immune system, diabetes, cancer, lung disease, and more. Skin and hair become older looking, too. Worse, it’s not as if you get just one disease of aging and then stop there. In a phenomenon with the gloomy name multi-morbidity, these diseases tend to come in clusters. So Kara doesn’t just have a run-down immune system; she also has joint pain and early signs of heart disease. For some people, the diseases of aging hasten the end of life. For others, life goes on, but it’s a life with less spark, less zip. The years are increasingly marred by sickness, fatigue, and discomfort.

At fifty, Kara should be brimming with good health. But the graph shows that at this young age, she is creeping into the disease-span. Kara might put it more bluntly: she is getting old.

Lisa is another story.

At age fifty, Lisa is still enjoying excellent health. She gets older as the years pass, but she luxuriates in the healthspan for a nice, long time. It isn’t until she’s well into her eighties—roughly the age that gerontologists call “old old”—that it gets significantly harder for her to keep up with life as she’s always known it. Lisa has a diseasespan, but it’s compressed into just a few years toward the end of a long, productive life. Lisa and Kara aren’t real people—we’ve made them up to demonstrate a point—but their stories highlight questions that are genuine.

How can one person bask in the sunshine of good health, while the other suffers in the shadow of the diseasespan? Can you choose which experience happens to you?

The terms healthspan and diseasespan are new, but the basic question is not. Why do people age differently? People have been asking this question for millennia, probably since we were first able to count the years and compare ourselves to our neighbors.

At one extreme, some people feel that the aging process is determined by nature. It’s out of our hands. The ancient Greeks expressed this idea through the myth of the Fates, three old women who hovered around babies in the days after birth. The first Fate spun a thread; the second Fate measured out a length of that thread; and the third Fate snipped it. Your life would be as long as the thread. As the Fates did their work, your fate was sealed.

It’s an idea that lives on today, although with more scientific authority. In the latest version of the “nature” argument, your health is mostly controlled by your genes. There may not be Fates hovering around the cradle, but the genetic code determines your risk for heart disease, cancer, and general longevity before you’re even born.

Perhaps without even realizing it, some people have come to believe that nature is all that determines aging. If they were pressed to explain why Kara is aging so much faster than her friend, here are some things they might say:

“Her parents probably have heart problems and bad joints, too.”

“It’s all in her DNA.”

“She has unlucky genes.”

The “genes are our destiny” belief is, of course, not the only position. Many have noticed that the quality of our health is shaped by the way we live. We think of this as a modern view, but it’s been around for a long, long time. An ancient Chinese legend tells of a raven-haired warlord who had to make a dangerous trip over the border of his homeland. Terrified that he would be captured at the border and killed, the warlord was so anxious that he woke up one morning to discover that his beautiful dark hair had turned white. He’d aged early, and he’d aged overnight. As many as 2,500 years ago, this culture recognized that early aging can be triggered by influences like stress. (The story ends happily: No one recognized the warlord with his newly whitened hair, and he traveled across the border undetected. Getting older has its advantages.)

Today there are plenty of people who feel that nurture is more important than nature—that it’s not what you’re born with, it’s your health habits that really count. Here’s what these folks might say about Kara’s early aging:

“She’s eating too many carbs.”

“As we age, each of us gets the face we deserve.”

“She needs to exercise more.”

“She probably has some deep, unresolved psychological issues.”

Take a look again at the ways the two sides explain Kara’s accelerated aging. The nature proponents sound fatalistic. For good or for bad, we’re born with our futures already encoded into our chromosomes. The nurture side is more hopeful in its belief that premature aging can be avoided. But advocates of the nurture theory can also sound judgmental. If Kara is aging rapidly, they suggest, it’s all her fault.

Which is right? Nature or nurture? Genes or environment? Actually, both are critical, and it’s the interaction between the two that matters most. The real differences between Lisa’s and Kara’s rates of aging lie in the complex interactions between genes, social relationships and environments, lifestyles, those twists of fate, and  especially how one responds to the twists of fate. You’re born with a particular set of genes, but the way you live can influence how your genes express themselves. In some cases, lifestyle factors can turn genes on or shut them off. As the obesity researcher George Bray has said, “Genes load the gun, and environment pulls the trigger.”1 His words apply not just to weight gain but to most aspects of health.

We’re going to show you a completely different way of thinking about your health. We are going to take your health down to the cellular level, to show you what premature cellular aging looks like and what kind of havoc it wreaks on your body—and we’ll also show you not only how to avoid it but also how to reverse it. We’ll dive deep into the genetic heart of the cell, into the chromosomes. This is where you’ll find telomeres (tee–lo–meres), repeating segments of noncoding DNA that live at the ends of your chromosomes. Telomeres, which shorten with each cell division, help determine how fast your cells age and when they die, depending on how quickly they wear down. The extraordinary discovery from our research labs and other research labs around the world is that the ends of our chromosomes can actually lengthen—and as a result, aging is a dynamic process that can be accelerated or slowed, and in some aspects even reversed. Aging need not be, as thought for so long, a one-way slippery slope toward infirmity and decay. We all will get older, but how we age is very much dependent on our cellular health.

We are a molecular biologist (Liz) and a health psychologist (Elissa). Liz has devoted her entire professional life to investigating telomeres, and her fundamental research has given birth to an entirely new field of scientific understanding. Elissa’s lifelong work has been on psychological stress. She has studied its harmful effects on behavior, physiology, and health, and she has also studied how to reverse these effects. We joined forces in research fifteen years ago, and the studies that we performed together have set in motion a whole new way of examining the relationship between the human

mind and body. To an extent that has surprised us and the rest of the scientific community, telomeres do not simply carry out the commands issued by your genetic code. Your telomeres, it turns out, are listening to you. They absorb the instructions you give them. The way you live can, in effect, tell your telomeres to speed up the process of cellular aging. But it can also do the opposite. The foods you eat, your response to emotional challenges, the amount of exercise you get, whether you were exposed to childhood stress, and even the level of trust and safety in your neighborhood—all of these factors and more appear to influence your telomeres and can prevent premature aging at the cellular level. In short, one of the keys to a long healthspan is simply doing your part to foster healthy cell renewal.
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Figure 2: Telomeres at the Tips of Chromosomes. The DNA of every chromosome has end regions consisting of DNA strands coated by a dedicated protective sheath of proteins. These are shown here as the lighter regions at the end of the chromosome—the telomeres. In this picture the telomeres are not drawn to scale, because they make up less than one-ten-thousandth of the total DNA of our cells. They are a small but vitally important part of the chromosome.

HEALTHY CELL RENEWAL AND WHY YOU NEED IT

In 1961 the biologist Leonard Hayflick discovered that normal human cells can divide a finite number of times before they die. Cells reproduce by making copies of themselves (called mitosis), and as the human cells sat in a thin, transparent layer in the flasks that filled Hayflick’s lab, they would, at first, copy themselves rapidly. As they multiplied, Hayflick needed more and more flasks to contain the growing cell cultures. The cells in this early stage multiplied so quickly that it was impossible to save all the cultures; otherwise, as Hayflick remembers, he and his assistant would have been “driven out of the laboratory and the research building by culture bottles.” Hayflick called this youthful phase of cell division “luxuriant growth.” After a while, though, the reproducing cells in Hayflick’s lab stopped in their tracks, as if they were getting tired. The longest-lasting cells managed about fifty cell divisions, although most divided far fewer times. Eventually these tired cells reached a stage he called senescence: They were still alive but they had all stopped dividing, permanently. This is called the Hayflick limit, the natural limit that human cells have for dividing, and the stop switch happens to be telomeres that have become critically short.

Are all cells subject to this Hayflick limit? No. Throughout our bodies we find cells that renew—including immune cells; bone cells; gut, lung, and liver cells; skin and hair cells; pancreatic cells; and the cells that line our cardiovascular systems. They need to divide over and over and over to keep our bodies healthy. Renewing cells include some types of normal cells that can divide, like immune cells; progenitor cells, which can keep dividing even longer; and those critical cells in our bodies called stem cells, which can divide indefinitely as long as they are healthy. And, unlike those cells in Hayflick’s lab dishes, cells don’t always have a Hayflick limit, because—as you will read in chapter 1—they have telomerase. Stem cells, if kept healthy, have enough telomerase to enable them to keep dividing throughout our life spans. That cell replenishment, that luxuriant growth, is one

reason Lisa’s skin looks so fresh. It’s why her joints move easily. It’s one reason she can take in deep lungfuls of the cool air blowing in off the bay. The new cells are constantly renewing essential body tissues and organs. Cell renewal helps keep her feeling young.

From a linguistic perspective, the word senescent has a shared history with the word senile. In a way, that’s what these cells are—they’re senile. In one way it is definitely good that cells stop dividing. If they just keep on multiplying, cancer can ensue. But these senile cells are not harmless—they are bewildered and weary. They get their signals confused, and they don’t send the right messages to other cells. They can’t do their jobs as well as they used to. They sicken. The time of luxuriant growth is over, at least for them. And this has profound health consequences for you. When too many of your cells are senescent, your body’s tissues start to age. For example, when you have too many senescent cells in the walls of your blood vessels, your arteries stiffen and you are more likely to have a heart attack. When the infection-fighting immune cells in your bloodstream can’t tell when a virus is nearby because they are senescent, you are more susceptible to catching the flu or pneumonia. Senescent cells can leak proinflammatory substances that make you vulnerable to more pain, more chronic illness. Eventually, many senes–cent cells will undergo a preprogrammed death.

The diseasespan begins.

Many healthy human cells can divide repeatedly, so long as their telomeres (and other crucial building blocks of cells like proteins) remain functional. After that, the cells become senescent. Eventually, senescence can even happen to our amazing stem cells. This limit on cells dividing is one reason that there seems to be a natural winding down of the human healthspan as we age into our seventies and eighties, although of course many people live healthy lives much longer. A good healthspan and life span, reaching eighty to one hundred years for some of us and many of our children, is within our reach.2 There are around three hundred thousand centenarians

worldwide, and their numbers are rapidly increasing. Even more so are the numbers of people living into their nineties. Based on trends, it is thought that over one-third of children born in the United Kingdom now will live to one hundred years.3 How many of those years will be darkened by diseasespan? If we better understand the levers on good cell renewal, we can have joints that move fluidly, lungs that breathe easily, immune cells that fiercely fight infections, a heart that keeps pumping blood through its four chambers, and a brain that is sharp throughout the elderly years.
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Figure 3: Aging and Disease. Age is by far the largest determinant of chronic diseases. This graph shows the frequency of death by age, up to age sixty-five and older, for the top four causes of death by disease (heart disease, cancer, respiratory disease, and stroke and other cerebrovascular diseases). The death rate due to chronic diseases starts to increase after age forty and goes up dramatically after age sixty. Adapted from U.S. Department of Health and Human Services, Centers for Disease Control and Prevention, “Ten Leading Causes of Death and Injury,” http://www.cdc.gov/injury/wisqars/leadingCauses.html.

But sometimes cells don’t make it through all their divisions in the way they should. Sometimes they stop dividing earlier, falling into an old, senescent stage before their time. When this happens, you don’t get those eight or nine great decades. Instead, you get premature cellular aging. Premature cellular aging is what happens to people like Kara, whose healthspan graph turns dark at an early age.

Chronological age is the major determinant of when we get diseases, and this reflects our biological aging inside.

At the beginning of the chapter, we asked, Why do people age differently? One reason is cellular aging. Now the question becomes, What causes cells to get old before their time?

For an answer to this question, think of shoelaces.

HOW TELOMERES CAN MAKE YOU FEEL OLD OR HELP YOU STAY YOUNG AND HEALTHY

Do you know the protective plastic tips at the ends of shoelaces? These are called aglets. The aglets are there to keep shoelaces from fraying. Now imagine that your shoelaces are your chromosomes, the structures inside your cells that carry your genetic information. Telomeres, which can be measured in units of DNA known as base pairs, are like the aglets; they form little caps at the ends of the chromosomes and keep the genetic material from unraveling. They are the aglets of aging. But telomeres tend to shorten over time.

Here’s a typical trajectory for the life of a human’s telomere:



	Age
	Telomere Length (in base pairs)



	Newborn baby
	10,000 base pairs



	35 years old
	7,500 base pairs



	65 years old
	4,800 base pairs





When your shoelace tips wear down too far, the shoelaces become unusable. You may as well throw them away. Something similar happens to cells. When telomeres become too short, the cell stops dividing altogether. Telomeres aren’t the only reason a cell can become senescent. There are other stresses on normal cells that we don’t yet understand very well. But short telomeres are one of the primary reasons human cells grow old, and they are one mechanism that controls the Hayflick limit.

Your genes affect your telomeres, both their length when you’re born and how quickly they dwindle down. But the wonderful news is that our research, along with research from around the globe, has shown you can step in and take some control of how short or long—how robust—they are.

For instance:



[image: images] Some of us respond to difficult situations by feeling highly threatened—and this response is linked to shorter telomeres. We can reframe our view of situations in a more positive way.

[image: images] Several mind-body techniques, including meditation and Qigong, have been shown to reduce stress and to increase telomerase, the enzyme that replenishes telomeres.

[image: images] Exercise that promotes cardiovascular fitness is great for telomeres. We describe two simple workout programs that have been shown to improve telomere maintenance, and these programs can accommodate all fitness levels.

[image: images] Telomeres hate processed meats like hot dogs, but fresh, whole foods are good for them.

[image: images] Neighborhoods that are low in social cohesion—meaning that people don’t know and trust one another—are bad for telomeres. This is true no matter what the income level.

[image: images] Children who are exposed to several adverse life events have shorter telomeres. Moving children away from neglectful circumstances (such as the notorious Romanian orphanages) can reverse some of the damage.

[image: images] Telomeres on the parents’ chromosomes in the egg and sperm are directly transmitted to the developing baby. Remarkably, this means that if your parents had hard lives that shortened their telomeres, they could have passed those shortened telomeres on to you! If you think that might be the case, don’t panic. Telomeres can build up as well as shorten. You can still take action to keep your telomeres stable. And this

news also means that our own life choices can result in a positive cellular legacy for the next generation.

MAKE THE TELOMERE CONNECTION

When you think about living in a healthier way, you may think, with a groan, about a long list of things you ought to be doing. For some people, though, when they have seen and understood the connection between their actions and their telomeres, they are able to make changes that last. When I (Liz) walk to the office, people sometimes stop me to say, “Look, I’m biking to work now—I’m keeping my telomeres long!” Or “I stopped drinking sugary soda. I hated to think of what it was doing to my telomeres.”

WHAT’S AHEAD

Does our research show that by maintaining your telomeres you will live into your hundreds, or run marathons when you’re ninety-four, or stay wrinkle free? No. Everyone’s cells become old and eventually we die. But imagine that you’re driving on a highway. There are fast lanes, there are slow lanes, and there are lanes in between. You can drive in the fast lane, barreling toward the diseasespan at an accelerated pace. Or you can drive in a slower lane, taking more time to enjoy the weather, the music, and the company in the passenger seat. And, of course, you’ll enjoy your good health.

Even if you are currently on a fast track to premature cellular aging, you can switch lanes. In the pages ahead, you’ll see how to make this happen. In the first part of the book, we’ll explain more about the dangers of premature cellular aging—and how healthy telomeres are a secret weapon against this enemy. We’ll also tell you about the discovery of telomerase, an enzyme in our cells that helps keep the protective sheaths around our chromosome ends in good shape.

The rest of the book shows you how to use telomere science to

support your cells. Begin with changes that you can make to your mental habits and then to your body—to the kinds of exercise, food, and sleep routines that are best for telomeres. Then expand outward to determine whether your social and physical environments support your telomere health. Throughout the book, sections called “Renewal Labs” offer suggestions that can help you prevent premature cellular aging, along with an explanation of the science behind those suggestions.


THE HOLY GRAIL?

Telomeres are an integrative index of many lifetime influences, both the good, restorative ones like good fitness and sleep, and also malign ones like toxic stress or poor nutrition or adversities. Birds, fish, and mice also show the stress-telomere relationship. Thus it’s been suggested that telomere length may be the “Holy Grail for cumulative welfare,”4 to be used as a summative measure of the animals’ lifetime experiences. In humans, as in animals, while there will be no one biological indicator of cumulative lifetime experience, telomeres are among one of the most helpful indicators that we know of right now.



By cultivating your telomeres, you can optimize your chances of living a life that is not just longer but better. That is, in fact, why we’ve written this book. In the course of our work on telomeres we’ve seen too many Karas—too many men and women whose telomeres are wearing down too fast, who enter the diseasespan when they should still feel vibrant. There is abundant high-quality research, published in prestigious scientific journals and backed by the best labs and universities, that can guide you toward avoiding this fate. We could wait for those studies to trickle down through the media and make their way into magazines and onto health websites, but that process can take many years and is piecemeal, and, sadly, information often gets distorted along the way. We want to share what we know now—and

we don’t want more people or their families to suffer the consequences of unnecessary premature cellular aging.

When we lose people to poor health, we lose a precious resource. Poor health often saps your mental and physical ability to live as you wish. When people in their thirties, forties, fifties, sixties, and beyond are healthier, they will enjoy themselves more and will share their gifts. They can more easily use their time in meaningful ways—to nurture and educate the next generation, to support other people, solve social problems, develop as artists, make scientific or technological discoveries, travel and share their experiences, grow businesses, or serve as wise leaders. As you read this book, you are going to learn a lot more about how to keep your cells healthy. We hope you’re going to enjoy hearing how easy it is to extend your healthspan. And we hope you’re going to enjoy asking yourself the question: How am I going to use all those wonderful years of good health? Follow a bit of the advice in this book, and chances are that you’ll have plenty of time, energy, and vitality to come up with an answer.


RENEWAL BEGINS RIGHT NOW

You can start to renew your telomeres, and your cells, right now. One study has found that people who tend to focus their minds more on what they are currently doing have longer telomeres than people whose minds tend to wander more.5 Other studies find that taking a class that offers training in mindfulness or meditation is linked to improved telomere maintenance.6

Mental focus is a skill that you can cultivate. All it takes is practice. You’ll see a shoelace icon, pictured here, throughout the book. Whenever you see it—or whenever you see your own shoes with or without laces—you might use it as a cue to pause and ask yourself what you’re thinking. Where are your thoughts right now? If you’re worrying or rehashing old problems, gently remind yourself

to focus on whatever it is you’re doing. And if you are not “doing” anything at all, then you can enjoy focusing on “being.”

Simply focus on your breath, bringing all of your awareness to this simple action of breathing in and out. It is restorative to focus your mind inside (noticing sensations, your rhythmic breathing), or outside (noticing the sights and sounds around you). This ability to focus on your breath, or your present experience, turns out to be very good for the cells of your body.

[image: images]

Figure 4: Think of Your Shoelaces. Shoelace tips are a metaphor for telomeres. The longer the protective aglets at the ends of the laces, the less likely the shoelace will fray. In terms of chromosomes, the longer the telomeres, the less likely there will be any alarms going off in cells or fusions of chromosomes. Fusions trigger chromosome instability and DNA breakage, which are catastrophic events for the cell.

Throughout the book, you will see a shoelace icon with long aglets. You can use that as an opportunity to refocus your mind on the present, take a deep breath, and think of your telomeres being restored with the vitality of your breath.






OEBPS/Images/tocimg.jpg










OEBPS/Images/f0016-01.jpg





OEBPS/Images/logo.gif





OEBPS/Images/chimg.jpg





OEBPS/Images/f0010-01.jpg
S0

400000

300000

200000

100000

o

il /

0

5

10 15 20 25 30 35 40 45 50 55 €0 65
AGE (YEARS)

‘@ Heart Disease

® Cancer

@ Chronic Respiratory Disease

Stroke.





OEBPS/Images/f0003-01.jpg
KARA | HEALTHSPAN DISEASESPAN

USA | HEALTHSPAN

BIRTH P 0





OEBPS/Images/f0007-01.jpg











OEBPS/Images/square.jpg





OEBPS/Images/Frontcover.jpg
-A REVOLUTIONARY APPROACH TO-

LIVING YOUNGER,
HEALTHIER, LONGER

NOBEL PRIZE WINNER

Elizabeth Blackburn, PhD
Elissa Epel, PhD

“Aclassic. One of the most exciting health books to emerge in the last
decade. It explains how we can slow the way we age at a fundamental lavel.”
ERIC KANDEL, Nobel laureate and author of In Search of Memary





OEBPS/Images/titimg.jpg





OEBPS/Images/titimg1.jpg





