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To my daughter, Aria, and my husband, Zach. Thank you for filling my days with joy. You help remind me why life is so precious, and I look forward to spending many adventurous and fulfilling decades with both of you.










Age is not measured by years. Nature does not equally distribute energy. Some people are born old and tired while others are going strong at seventy.


—Dorothy Thompson, the First Lady of American journalism










Part I


Biological Aging


On a sunny April afternoon in Connecticut, I stand in my kitchen trying to make myself salivate. It’s my thirty-sixth birthday, and to celebrate, I’m collecting my saliva in a clear tube that I will then place back into its neat little box that will be shipped to a laboratory in Atlanta, Georgia. As my sample begins to rise to meet the black line reading “Fill to Here,” I hold it up to the light and examine its contents. I imagine all the cells—a combination of my white blood cells and cheek cells—floating in the frothy liquid. Each one contains a chemical code that can be deciphered to reveal insights into my personal health and aging profile.


As I fasten the cap to the tube and slip it into the bag that was provided alongside it, I think back on all my actions over the past year. Have I been getting enough sleep? Should I have eaten all those sweets over the holidays? What effect will the past year of being in quarantine have—it’s April 2021 and COVID‑19 has reshaped the world as we knew it. I consider myself to be someone who is very healthy, yet trepidation remains when it comes to peeking under my metaphorical hood. That’s because, even though I know I will be blowing out thirty-six candles on my birthday cake this evening, this test will ultimately reveal what my True Age is.


When it reaches the lab in Georgia, scientists isolate my DNA from all the other contents in the sample. DNA is known for containing the genetic code, or set of instructions used to build and maintain each of us. However, it also comprises other critical information buried in a hidden language referred to as the “epigenetic code.” Epigenetics doesn’t refer to changes in the DNA sequence that each of us inherits from our biological parents (the pattern of A, C, G, and T), but rather chemical tags attached to the DNA and/or the proteins that pack it. These chemical modifications control how our DNA operates or functions. As a scientist working in this field, I refer to epigenetics as the “operating system of the cell.” It dictates all the basic functions of a cell, from metabolism to if/when the cell should divide, even down to the identity of a cell. For instance, the neuron cells in your brain have the same DNA sequence as the epidermal cells making up the outer layer of your skin. Yet what sets these types of cells apart is their “epigenome,” which instructs a neuron to be a neuron (both physically and functionally) and an epidermal cell to be an epidermal cell. What scientists have also discovered, however, is that the epigenetic code changes as we age, and that by reading these changes, we can determine who among us is aging faster versus slower than expected, and thus reveal our True Age.


A few weeks later I get the email that my results are in. I click on the link, sign in to my personal account, and then scroll down to reveal the answer—thirty-one years old. I am relieved that it’s in the direction I hoped—my biological age is five years younger than my chronological age—but to be honest I was kind of hoping it would be better. In addition to my overall biological age score, I am also provided scores for various system-specific measures—things like inflammation, liver functioning, and even brain health.


Given that I was the one who developed these measures, I know that they reflect the age-relative levels of various proteins in my blood that correspond to these distinct categories. For instance, if you were to visit your physician with concerns about your kidney function, the doctor would likely run a series of tests for things like creatinine, alkaline phosphatase, urea nitrogen, bicarbonate. Perhaps you have even had a test like this before. Typically, the numbers would assess various markers and be used to signal whether you might have a disease in the given tissue. But even if you are fine, critical information about your health is hidden within these numbers. By combining them, we can generate your health profile for a given tissue and then use that benchmark to determine whether you appear to be progressing toward disease more quickly or more slowly than is expected for your age. What’s more, we don’t necessarily need you to take a trip to your doctor or local lab for a blood draw. In fact, we can get a fairly reliable estimate of these profiles from the epigenetic patterns of the cells in your spit.


According to these systems measures, my aging is wonderful when it comes to my metabolic health and brain health. A weak spot appears for me, however, in my immune health and possibly higher levels of inflammation. I am also provided with feedback on what my aging type is. According to the test, around 10 percent of people in the population have an aging profile similar to mine—meaning that they share the same strengths and weaknesses when it comes to the various systems. Generally, people with my profile are more likely to be female, have the lowest obesity rates, yet tend to be at more immediate risk of things like arthritis and even cancer. While it’s exciting to learn new things about yourself, what really matters is what you can do about it. Can we “turn back the clock”? While scientists are working to discover ways to slow aging, that doesn’t mean we need to sit idly by. There are things each of us can be doing now, and once we “know our numbers,” we actually have a way to determine whether the choices we make are helping us.


In this book, I will describe how and why each of us should track our aging, what aging really means, and what we can start doing in our everyday lives to optimize our health. While we don’t have all the answers yet, we can take a first step toward achieving a longer, healthier life and reshape how we think about aging.
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Beyond Wrinkles: The Link Between Health and Aging


As you walk toward the doors of a gymnasium that you vaguely recognize, your hand clasps tightly around your partner’s. The early summer heat isn’t entirely to blame for your sweaty palms, and you feel your nerves and excitement begin to rise, your heartbeat pounding along with the crescendo sounds of a drumbeat emanating from the open doors. Just outside, a woman sits at a foldout table handing out name tags. As you approach, she smiles, glances at her list, and hands you the white sticker with your name printed neatly on it. “How are you? I am so glad you made it!” she says. “I’m good,” you reply reflexively. “It’s great to see you too. This should be a fun evening!” As you utter the words, you hope it’ll be true—after all, it’s your thirtieth high school reunion.


As you enter the gym that is currently masquerading as a ballroom, your eyes slowly adjust to the dim lighting. In front of you are dozens of people talking, laughing, drinking, and a few quickly catching your eye as they assess the newcomers to the party. You can identify many of them, but others cast only a flicker of recognition across your mind—faces you’re sure you have seen before but can’t quite place. Just to your right, however, is a woman you would know anywhere. She is dancing exuberantly with a small group as they laugh and attempt not to spill the contents of the drinks they are clutching. It is Maggie, and aside from the hairstyle, she hasn’t changed a bit over the past three decades!


As you start walking over to say hello, you feel someone tap your shoulder. When you turn around, there is a man in front of you, grinning—his arms held up in a Hey, it’s me gesture. “Wow!” he says. “It is so great to see you! I can’t believe it has been so long.” Suddenly those nerves you felt earlier in the evening are back. You cannot place the face that is smiling back at you. This man who is probably just shy of fifty years old doesn’t resemble any of your former teenaged friends. Thankfully you remember that everyone is wearing a name tag—likely for this exact purpose. You quickly steal a glance down at his. “Wow, Doug! I can’t believe it’s you . . . You look great!” You hope you are better at lying than name recall, and for a second you worry that the reason you couldn’t remember Doug’s name was because of some sort of age-related memory loss. No, that’s crazy, you realize. You’re not even fifty. You are healthy as can be, and besides, that won’t ever happen to you . . . Or will it?


Suddenly you’re struck with the alarming realization that there are surely people in this room who it will happen to, and perhaps in the not too distant future. Of your two hundred classmates there tonight, statistics predict that only half of you will survive the next thirty years. Who will make it to a sixtieth reunion? What will you be like if you make it? Will you have more stories to share of loss or narrowly won battles against disease? Will Maggie be dancing as if nothing has changed except perhaps the absence of some much missed friends?


As you scan the room, you realize that you can make a few educated guesses about who will be in attendance. Even though you’re only in middle age, it’s clear that some trajectories have already started to diverge, accelerating toward the destiny that awaits all of us. Yet for others, time seems to have mysteriously stalled shortly after graduation. Where do you fit? Will you be one of the lucky ones? And is there anything within your power you can do to ensure you see this gymnasium again through the eyes of your eighty-year-old self?


Biological Versus Chronological Age


Most of us know how many years, and perhaps even how many days, have passed since we were born. But is chronological age really just a number? Deep down, do you know how old—or better yet, how young—you really are? We have all thought about it. As humans, we are innately aware of the changes that seem to coincide with every passing year. We know mortality is imminent and that something about aging slowly draws us toward it.


Time appears to have an inevitable impact on our bodies, our minds, and perhaps even our identities. But while aging is universal, the continuous march of time doesn’t intrude on all of us equally. The fleeting years are harsher for some, bringing with them disease, impairment, and loss. For others, the passing of time is only evidenced by the smooth creases at the corners of their eyes, or the indelible remnants of past smiles. The explanation? We all age at different rates and in different ways. While our chronological age may increase at a constant and universal rate, signified by the number of candles on our birthday cakes, the same cannot be said for our biological age, or what I like to call our “True Age.” And it is this age that we need to pay better attention to.


Biological age—not chronological age—is what underlies the changes we see in the mirror. The changes we feel as we rise out of bed each morning. The changes that cause most of the diseases and conditions that plague living creatures as they grow old. We have been conditioned to care about our chronological age. To hide it or feel ashamed of it. But the opposite should be true. Our chronological age is a badge of honor. It represents our accomplishments, memories, and the moments spent with loved ones. It captures all the beautiful things that make life worth living. But the best, and perhaps only, way to truly earn more chronological years is by taking up arms against its unfortunate companion—biological age. Luckily, both nature and science have shown us that this is possible to a degree, and that in many ways, you hold the key.


Why Aging Really Matters


People often ask me how I became interested in aging. My mother is a professor who studies public policy and works toward improving health outcomes and quality of life for older adults. Her research and outreach help to build safety nets for those whose biological age has rendered them vulnerable to physical, social, and cognitive threats. While this likely influenced my career, I think it was my father and my circumstances growing up that motivated me to dedicate my life to the science of biological aging. As far back as I can remember, I’ve been fixated on the inevitability of mortality and the realities of growing old. My father was fifty-four when I was born—a retired actor who embraced the role of stay‑at‑home dad. While he was always active and vibrant, I knew at a young age that he was different from my friends’ fathers. When most kids weren’t yet contemplating a world without their parents, at seven or eight I was already consumed with the fear that my father might not be around to see me graduate from high school or college, walk me down the aisle at my wedding, or meet his grandchildren. Much to my relief, my father was able to be there for all of these things, including seeing me earn a PhD and be offered my dream job as a professor at Yale University in the School of Medicine. In fact, my father remained in fairly good health for most of his life, up until losing his battle with stomach cancer at the age of eighty-six, two days before I moved from Los Angeles to New Haven to start my position at Yale—a job focused on studying the science of aging.


Most would agree that my father’s survival to the age of eighty-six in relatively good health qualifies as a success. But I often find myself lying in bed and contemplating what I wouldn’t give to have ten, five, or even one more good year with him. I imagine this is a sentiment shared by most people who lose loved ones to tragic illnesses like cancer, heart disease, stroke, diabetes, or Alzheimer’s disease. These surprise losses feel beyond our control. When my dad received his cancer diagnosis, I felt helpless. Yes, we can turn to medical professionals in the hope that some treatment may prolong our loved one’s time on Earth, but what we all too often fail to recognize is that the process that put the situation in motion has been unfolding for decades. Perhaps since birth.


This is because all of these diseases are caused by biological aging. It is not chronological time itself that renders each of us more susceptible to disease, but rather the biological changes taking place among the molecules and cells in our body that serve as the foundation from which diseases arise. Simply put, biological aging is the single greatest risk factor for disease and death.


Whenever I teach a class on aging, I start by asking my students what they think the biggest risk factor is for lung cancer. Many assume it’s smoking. There is no debating that cigarette exposure has an enormous impact on lung cancer risk. According to the Centers for Disease Control and Prevention (CDC), smokers are fifteen to thirty times more likely to develop lung cancer than nonsmokers. The correct answer, however, is actually “aging.” The National Cancer Institute estimates that the risk of developing lung cancer in your twenties is less than 1 in 200,000, yet in your seventies the risk becomes eight hundred times greater. Again, this is not something to do with chronological time. Rather, the lung tissue of a seventy-year-old is inherently different from that of a twenty-year-old. The same goes for nearly every organ, tissue, and cell type in your body. As the years pass, we will diverge from the biology of our former selves. Small changes, driven by damage—or just living—will accumulate in all of us. The rate of that accumulation, however, and thus how far we diverge over time, varies for each of us, and this has a direct impact on our future health and well-being.


While it remains unclear which kinds of aging-related changes pose the greatest threats, in my lab at Yale, we are developing methods that enable us to track many of these changes, with the hope of eventually discovering how to slow or even reverse them. As of now, we can clearly show that individuals who have accumulated more biological age changes than what would be expected based on their chronological age tend to be at greater risk of death and multiple diverse diseases.


Down the road from my lab at Yale sits a modern glass-and-brick building rising high above most of the surrounding structures. This building houses the Smilow Cancer Hospital and the Yale Cancer Center, where, in addition to treating patients, scientists and medical doctors perform cutting-edge research into the causes and consequences of cancer. Through my involvement with the center, I have had the opportunity to develop exciting research collaborations with many of the other members, including two oncologists, Dr. Erin Hofstatter and Dr. Lajos Pusztai. Through this collaboration, our team’s goal has been to understand how age-related changes in breast tissue and/or blood impact the risk of cancer. Tracking age-related markers may facilitate prevention or allow us to identify cancer cases much earlier in the disease process.


One of the most common prevention measures in breast cancer treatment is the mastectomy. First performed in 1889 by Dr. William Halsted, it was shown that removal of the tumor and surrounding breast tissue led to a reduction in local recurrence rates. Later, this proved to be the case only for women whose cancer had not yet spread to nearby lymph nodes. Unlike the somewhat barbaric mastectomies of Dr. Halsted’s time, today’s procedures remove one or both breasts while attempting to spare the skin and underlying muscle.


While this procedure is done to save patients, the tumors and surrounding tissue that is removed can also provide scientific hints into the causes and potential treatments of breast cancer. Through our collaborative efforts, our team of scientists examined the signs of aging in the surrounding breast tissue from women who underwent mastectomies to treat breast cancer, as well as women who underwent elective procedures to remove breast tissue, either as a preventive measure or to achieve reduction. In both cases, we extracted DNA from what is considered the “normal breast tissue,” meaning that even in women with cancer, we are not looking at the DNA from the tumor itself. We then used these samples to estimate how biologically aged the breast tissue was—I will expand on how this is done in chapter 2.


What we discovered was that when comparing the biological ages between women with equivalent chronological ages, breast tissue from women with cancer appeared biologically older than the tissue from women without cancer. While one possibility is that having cancer may accelerate the aging process in nearby healthy tissue, we think the more likely scenario is that women who have accelerated aging in their breast tissue may be more prone to developing breast cancer. The same may be true for other cancers—aging-related changes in the tissue can promote tumorigenesis.


We have also shown that this finding is not just specific to cancer. For instance, we looked at aging in brains using the exact same method applied to predict biological age in the breast samples. What we have found is that individuals who have biologically older brains at autopsy (regardless of chronological age) are more likely to be riddled with the hallmarks of Alzheimer’s disease. Similarly, when estimating aging in lungs, those with a chronic lung disease called “idiopathic pulmonary fibrosis” were biologically older, and when estimating aging in livers, fatty liver disease was associated with older biological age. Across the board, time and again, biological aging in different organs appears to drive the development of disease. What’s more, beyond promoting the progression of diseases that take decades to develop, biological aging may also make us more vulnerable to spontaneous threats—as in the case of viruses.


Aging and Vulnerability


On New Year’s Eve, 2019, the Wuhan Municipal Health Commission in China announced that they had observed an abundance of suspicious new cases of pneumonia. This would later be attributed to a novel coronavirus called “COVID‑19.” Over the ensuing months, COVID‑19 grew into a pandemic, spreading across the globe and infecting and killing millions of people worldwide. Unfortunately, what we came to learn was that COVID‑19 disproportionately threatened the lives of older individuals. Italy was one of the first countries to show us just how devastating this infection could be for the elderly. With the oldest population in all of Europe and the Americas, Italy saw its death rate skyrocket to over three times the global average, and by the end of April 2020, approximately 14,000 Italians over the age of eighty had lost their lives.


While some viruses are more dangerous for children—as was the case of the 1918 influenza pandemic—many viral and bacterial infections represent a growing threat with age. In the United States, it was reported that 8 out of 10 COVID‑19 deaths were in adults sixty-five years or older. While the exact etiology of why severe cases tend to cluster among older individuals is unknown, it is clearly related to changes that occur as a function of our biological aging process. The aging process impairs our body’s ability to protect against external threats. We lose our resilience. This is further evidenced by the pattern of increased COVID‑19 mortality among individuals with pre-existing diseases of aging—cardiovascular disease, diabetes, chronic lung disease, chronic kidney disease, and liver disease—suggesting that it isn’t just chronological age that determined susceptibility to COVID‑19 symptom severity and death, but rather biological age. The older your body is, the worse your chances of surviving if infected.


I want to clarify, however, that while many of those who lost their lives to COVID‑19 had existing diseases, very few were critically ill prior to infection. This is important because, for many people, the inconveniences associated with protecting those in our population exposed the prejudices that already existed in our society. As people struggled to stay home, watching life as we knew it turn upside down, a troubling sentiment began to take hold. In the Washington Times, online opinion editor Cheryl K. Chumley argued in favor of returning the country to normal, citing the argument that “older people die. That’s what they do.” This justification wasn’t reserved for sensationalist media alone, though many people began to question whether protecting the older population from mortality was a worthwhile endeavor. I saw it come up time and again on neighborhood forums or online social media outlets and blogs. Yes, it is true—older individuals are more likely to die in general. Yet what many failed to recognize was that COVID‑19 was not simply stealing away the last few days of someone’s life; it was resulting in millions of years of life lost. Many of the people who lost their lives to COVID‑19 had years—perhaps decades—left to live. Time that could have been spent with loved ones, contributing to society as a whole. Many were perhaps more vulnerable than others because of their age, but they weren’t hanging on by a thread, either. Rather, it took a major stressor like COVID‑19 to make them lose their firm grip on life.


The Goal of Healthspan Extension


Given all the ways in which aging can steal your health—or worse, your life—it’s no wonder we resist it. But what if growing old doesn’t have to be defined by disease diagnoses, prescription medications, hospital visits, and assistive devices? It is possible to grow old in generally good health, without losing the parts of our identities which we hold most sacred. Unlike chronological age, which ticks upward in a predictable repetition, science and evolution have shown us that biological aging is malleable. It can be made to tick faster or slower, in direct response to your genetics—but more important, also your behaviors. Because of the links between this dilation in biological aging and health, it has been estimated that if we could each slow our aging process down by seven years, so that at seventy we had the biological profile of the average sixty-three-year-old, mortality risk from nearly every major disease would be cut in half.


But how do we do this? On a personal level, the first step is getting to know your biological age. Each of us knows our chronological age—the number of years we have been alive—but most of us don’t know how we are truly doing on a biological level. Yes, we can make assumptions based on things like our appearance, energy levels, and the feedback we get from our doctors, but is that enough to determine whether our everyday actions are having an impact? Being able to scientifically pinpoint our biological age puts us in the driver’s seat of our own health and wellness in exciting new ways. As with our weight on the scale, biological aging is something we can potentially monitor and take proactive steps to change. Knowing and working to improve our biological age will help us live longer, extending our life span. More than that, however, it will help us live in a healthier way, preventing or postponing disease onset and thus extending what is called our “healthspan.”


To demonstrate why focusing on aging and healthspan is critical, imagine for a moment that you have a set of stacking blocks, each one signifying a year of life. Moreover, the blocks are different colors, denoting different stages of biological aging:


•Purple and blue blocks represent growth and development (think childhood and adolescence, respectively).

•Green blocks represent what most of us typically experience in early adulthood, characterized by peak physical and cognitive abilities.

•Yellow blocks represent typical experiences of middle age, when perhaps you have slowed down a bit but overall remain healthy.

•Orange blocks represent what we call morbidity, or a time in your life when you have been diagnosed with at least one chronic condition, yet you are still able to maintain independence.

•Red blocks represent a time of more extreme physical and/or cognitive impairment, often due to the acquisition of multiple chronic diseases simultaneously (multi-morbidity). Often, in this stage there is a loss of complete independence and therefore a great reliance on others or the aid of devices to meet the demands of daily living.

In this hypothetical example, let’s imagine that the number of purple and blue blocks are set—you can’t really get any more adolescent years. In scenario 1, let’s imagine that everyone gets the same total number of blocks, say sixty (after subtracting out the purple and blue). This would suggest that everyone had the exact same life span. As I am sure you already figured out, however, there are various configurations of colors that people could have among their sixty blocks. Person A could have 30 green, 28 yellow, and 2 orange, while person B could have 10 green, 20 yellow, 20 orange, and 10 red. Given that orange denotes years spent with disease and red denotes extreme impairment, all of us I’m sure would rather be like person A—having a much larger proportion of our life represented by robust or good health (green and yellow blocks), with only a small fraction of our life spent with disease (2 orange blocks). This is in contrast to person B, who in this scenario quickly transitions to poorer and poorer health and spends a third of their adult life with disease, ten years of which are characterized by extreme debilitation.


Obviously, in addition to differences in the makeup of your block colors, people also differ in their number of blocks. We think of this as your life span. While Elvis Presley may have only received forty-two blocks in adulthood, Paul McCartney has seventy-nine and counting. Typically, the faster you traverse through the colors, the fewer the blocks you will likely receive. Again, however, there are different distributions of colors in everyone’s set, and thus, when thinking about life extension, one can imagine different ways to add years of life (i.e., blocks). For instance, one could add red and/or orange blocks, extending the number of years spent with disease(s). Conversely, one could add green or yellow blocks, increasing disease-free years of life.


While I’m sure everyone would reach for the green and yellow blocks if given the choice, unfortunately the medical systems which we have all grown accustomed to and depend on almost exclusively target acquisition of the orange and red blocks—extension of life after disease. Traditionally, doctors are taught to wait for a disease diagnosis to arise in their patients and then optimize treatments that will increase survival, often at the expense of quality of life. Take our health care system’s present approach to diabetes as an example. While many people will have their fasting blood sugar (HbA1c) measured during routine physicals, there is often no discussion about disease prevention until a person is diagnosed with borderline diabetes. Usually, if you are below the cutoff, your doctor will say, “Your blood sugar looks good!” But aside from offering reassurance, physicians should also be actively helping their patients keep their levels as far as possible from the magic lines that differentiate nondiabetic from borderline and diabetic. Not everyone below the clinical threshold is equally at risk of developing diabetes in the near future—the further away you stay from the danger zones, the less likely you are to have the aging process push you over the edge into a disease state. What’s more, we know that factors like diet and physical activity can improve these numbers, even in “healthy” individuals. Each of us has vast room for improvement when it comes to maximizing our biological health.


The medical system will always need to attend to patients in need of lifesaving treatments. A complementary focus on extending individuals’ years of good health (their healthspan), however, will not only improve quality of life, but will also drastically cut health care expenses and the societal burden of disease for future generations. In fact, fewer people may require lifesaving treatments because the population will experience less disease overall.


Sounds great! The question then becomes, how do we achieve this?


The answer is to slow biological aging. Every year you are handed a block, denoting another year of chronological time, yet the color of that block depends on your biological age. In reality there are not just six colors, but rather a spectrum—that is, there isn’t one type of green; there is a continuum from blue/green to green/yellow. Next year, when you are handed that new block, wouldn’t you like to know not only what color you are getting but also have a say in it?
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Why to Track Your True Age


If our ability to live longer, healthier lives depends on our capacity to slow the aging process, then it becomes essential to actually define “biological aging.” In both medical practice and in society as a whole, we typically treat chronological age as being synonymous with biological age. This doesn’t work when we talk about aging as something that can be targeted or manipulated, however. For all intents and purposes—unless you are the metaphorical person in Einstein’s famous thought experiments—chronological time age is the same for everyone everywhere on Earth and is not something we can modulate, whereas biological age varies by individual. Thus, we need to redefine how we think about and track age.


Erosion of a Perfect System


As a young man, my father was a star athlete. He played football and baseball for the University of Southern California and was in the U.S. Marine Corps. Yet, as is the case for everyone, as he grew older, he lost much of the physical ability that defined him. By the time my father was losing his battle with cancer, the strength and vibrance that defined him so solidly in my mind was nearly gone. I found myself supporting his weight on my shoulders as I would help him walk from the house to his favorite chair outside. Thinking back, I can’t imagine all the innumerable ways his body changed between his years as a college athlete to when he finally passed at age eighty-six. Minute shifts eventually amassed into the major alterations that would reshape the landscape of his being.


One of my daughter’s favorite activities is making sand art. While I hold the bottle, she carefully pours the sand in, one color atop the other, producing vibrant waves and streaks. Often, I end up leaving too much room at the top, and as she carries her new works of art around the house, showing them to her father and turning them upside down to admire the intricacy, the colors start to blend. I often wonder whether this is what happens to each of us. When we are young, our bodies are intricately coordinated works of art. Every feature and function is specifically planned to enable us to function—to live. As we age, however, the metaphorical grains of sand slowly shift. Eventually, the plan loses shape. The functioning is lost—and so too is our viability.


Luckily, how quickly or slowly our body diverges from its once youthful form is not predetermined. Things like damage and stress can accelerate it. If my daughter vigorously shakes her bottle, the pattern will be erased faster. If she leaves it on the counter, it will be slower. When it comes to our bodies, every day we are alive, we are encountering things that may shift our configurations: radiation, toxic chemicals, and damaging particulate matter. Tobacco smoke comprises over 7,000 chemicals, 250 of which have been deemed to be harmful and 69 of which are known carcinogens (cancer causing). Inhaling tobacco smoke—whether firsthand, secondhand, or even thirdhand—thus alters nearly every part of our body, from our lungs to our intestines. Even beyond the hazardous factors in our environment, the process of living itself can cause changes to the structure and function of our body. The things we eat, the air we breathe, every chemical reaction in our body—it all has a price.


Yet one of the most amazing things about biology is that, unlike the sand in my daughter’s bottle, our bodies have a remarkable ability to regulate, regenerate, and repair themselves. It is an astonishing characteristic of all living things, and in some ways, it’s the definition of life. Thus, in addition to damage, the other major factor that contributes to individual differences in the rates of aging is “resilience”—the body’s ability to maintain and repair itself. Without these resilience factors, we would never survive to see the light of day, let alone make it to ninety. Living things are in essence self-regulating and self-sustaining systems, what scientists call an “open system,” meaning that the system can take in resources or energy from its surroundings and use it to perform specific functions—one of which is preservation.


Because our bodies are open systems, they can put a lot of work into growing and maintaining their very precise structure, and the more efficiently they do this, the more resilient they are to changes. Some individuals are innately more efficient at maintenance than others and, unfortunately, all of us become less efficient as we age. Luckily, there is evidence that our lifestyle choices can boost our body’s maintenance and repair mechanisms. For instance, evidence suggests that acute mild stressors actually boost resilience.


Two examples of these acute mild stressors are exercise and caloric restriction (CR). While I’ll discuss them both in more detail in Part II of this book, briefly, both of these actions will actually switch on your body’s maintenance and repair systems. In essence, the mild stress sends a signal to your body that it needs to toughen up. There is also a limit to the degree of stress that will elicit these beneficial responses, however. In contrast to the responses to mild stresses, very prolonged or extreme stress can actually have the opposite effect, causing widespread damage and accelerating the rate of age-related decline. As with Goldilocks, there seems to be a magic tipping point between beneficial and detrimental stress—it is absolutely possible to exercise too much or eat too little. Thus, the tricky part is figuring out the optimal degree of stress that will increase resilience while minimizing damage. Given that each of us likely has a different optimal level, the best way is to directly measure your body’s functioning or degree of aging—to track the effects of various activities on your biological aging process.


Pinpointing Where You Are


Our society has become fascinated with tracking nearly every aspect of our lives. We track our steps, our sleep, our calories, our screen-time minutes, our heart rates; so why don’t we track the most important thing when it comes to our health? Perhaps one reason is that people don’t have a good concept of what aging is and what it truly represents. Obviously, we all know that being younger biologically is better, but what does it really mean if you’re fifty years old according to the calendar, but biologically only forty? To reiterate, biological age represents where someone is on the life span continuum—how much they have diverged over time and how much more they have yet to go before the level of divergence is terminal.


To illustrate this, I often imagine life as a ten-mile-long track that each of us is running. After a given amount of time has lapsed since the start of the race, we can check back to see where everyone is. Let’s say that after 30 minutes, 68 percent of the people have completed between 2.5 to 3.5 miles, with the majority being right around the 3‑mile mark. Our fastest runner may be at mile 6 and our slowest is at mile 1. While all the runners have been on the track for the same amount of chronological time (30 minutes), they are clearly in different places relative to the start and finish of the race. The next step is to say where we expect the average person to be as time passes. In this case, the average person in our group is running a 10‑minute mile—at 10 minutes into the race, we expect them to just be crossing the mile-1 mark. After 20 minutes, 2 miles; 30 minutes, 3 miles; and so on. Using this assumption, we then recalibrate every runner according to this pace. Looking back at our group, which we froze in time after 30 minutes, the people at mile 3 can be said to be 30 (they have run the distance we would expect the average person to run after 30 minutes). Those who are reaching the 2.5-mile mark are 25 (they are where the average person would be after 25 minutes). Those at 3.5 miles are 35. Our fast runner at mile 6 is 60, and our slowest runner at mile 1 is 10.


As I am sure you have figured out, unlike most races, the biological age race is not one you want to win. The slower you are, the longer you get to run the race. Also, unlike an actual race, when it comes to people and their biological ages, it is a little more difficult to tell where they are on the track—we can’t just take a snapshot in time and look to see where everyone is. Or can we? Scientists, including myself, are working to develop ways to estimate where a person is on the track at any given period of time. But the way to do this is not clear-cut and there isn’t an overall consensus on how to estimate biological age.


Thinking again of my daughter’s sand, we can ask how we begin to quantify every minuscule shift that has taken place and altered our resemblance to our former selves. In truth, we can’t quantify every age-related change in our bodies, nor do we have to. Instead, we can rely on larger patterns or phenomena. In the case of the sand, this would be akin to measuring things like how far down the bottle the blue sand has traveled, or the change in the width of the pink sand, or the proportion of mixed versus pure colors. When it comes to estimating aging in living organisms, we usually look for patterns in (1) the levels of specific factors produced by our bodies; (2) physical features; or (3) the allotted time needed for the body to complete some pre-specified task.


Interestingly, our brains have already figured out to some extent how to recognize biological aging. When admiring old pictures of our parents, grandparents, or even ourselves, we can easily discern which ones were taken in the teen years, young adulthood, middle age, or old age without having to know the year they were from. That is because our brains are amazingly skilled at recognizing the physical patterns of what defines a young face versus an old face, even if we are looking at the face of someone we have never met before. Some biotech companies are now using artificial intelligence to develop age predictors that, like our brains, can recognize biological aging based on facial images. In general, people who are aging slower overall also tend to look younger. The biological age predictors based on facial images, however, can be discordant when compared to what is happening internally. Things like cosmetic procedures, obesity, and sunscreen habits can make a face look younger or older without also improving internal health.


In my lab, we have been working to develop accurate and reliable ways to estimate someone’s biological age using molecular and/or physiological data. This has become possible as a result of huge gains in science and technology when it comes to both measuring biological phenomena and using computers to develop predictions using enormous amounts of data—what we call “big data.” As a result, we are able to take a simple blood or saliva sample from an individual and measure tens to hundreds of biological variables that we then combine into a mathematical model to generate an informative estimate of an individual’s biological age.


For the majority of people, their estimated biological age is equal to, or at least closely aligned with, their chronological age. Yet for those people who are predicted to be older biologically than chronologically, we have found that they are much more likely to develop age-related diseases like cancer, heart disease, and diabetes in the years to come. We have also found that these individuals tend to have shorter remaining life expectancies. The inverse is also true—individuals with younger biological ages, on average, can expect more healthy years of life ahead of them.


This may make the idea of discovering your own biological age sound daunting, and in fact, when I talk to people about biological age, a response I often get is “I just don’t want to know!” The power of biological age, however, is not necessarily to give you a glimpse into your future by telling you how likely you are to survive the next ten to twenty years. Instead, it is meant to give you a glimpse into a possible future—one that you have the power to alter. Your biological age on any given day is not your destiny. It is what we call a “modifiable risk factor.” Granted, there are limits (currently) to how young a person of a given chronological age can be biologically. Yet among people of the same age, there is huge variability in biological age, most of which cannot be attributed to genetics. Therefore, in revealing your biological age, we are giving you the insight you may use to take control of your health.


It is the same concept employed in weight management. If you are trying to lose weight, you should know how much you weigh and what your goal is. You need to know your numbers if you are trying to change them. If you don’t, how will you know if you are on the right track? This is particularly imperative for young or middle-age adults. Often, people in their twenties, thirties, and forties have no conception of how healthy they really are relative to their peers. It’s only after they get older and begin to develop signs of disease that they recognize the fingerprint of aging. By measuring something like biological age early in life, a person can uncover insights that may help them slow their aging process and, we hope, postpone disease onset.


Sounding the Alarm Before It’s Too Late


I was recently asked to estimate the biological age of a thirty-seven-year-old woman named Rebecca. Given that she is young, she has yet to exhibit any signs of disease. She does have a larger-than-normal waist circumference, however, and is classified as obese according to her BMI. When she and her doctor discussed her recent laboratory results, everything was found to be in the normal range according to standard laboratory references. What her doctor failed to notice by looking at her blood tests, though, is that, relative to what would be expected for her age, she is actually quite unhealthy. In fact, at thirty-seven, when I estimated her biological age, it suggested she resembled someone who was actually forty-four years old.


While a seven-year difference may not sound that bad, it is enough to greatly increase her mortality risk, compared to her peers. Among those her age, she ranks in the highest fifth percentile for biological age. Moreover, it is not the mere fact that she is seven years older biologically, when compared to the average person her age, but rather that the divergence in biological and chronological age happened over only a span of thirty-seven years. Let’s imagine that at some point in her life, she had an average biological age equal to her chronological age. If the last time that was the case was at birth, we can assume that she was aging 20 percent faster than expected—she aged forty-four years, biologically, over thirty-seven chronological years (the ratio of 44 over 37 is 1.2). If she were to continue on this trajectory, by the time she reaches her sixty-fifth birthday, we would predict that she would have a biological age of seventy-seven. Let’s give her the benefit of the doubt and assume she was aging normally up until approximately age twenty-three. In high school she played sports and had the benefit of being young and resilient. After college, though, her lifestyle started to take its toll. Under this scenario, it would suggest that in the past decade and a half, her aging had accelerated to being on average 50 percent faster than expected—over the last fourteen years, she has aged twenty-one years biologically. At this rate, she would be lucky to make it to her sixty-fifth birthday, but if she did, she would have a biological age of ninety-seven and a half years.


In Rebecca’s case, we only have one snapshot in time for her biological age, and there is only so much that can tell us. In truth, what we want is continuous feedback of our aging process over time. Just as you wouldn’t weigh yourself once in your life, measuring your biological age on a single occasion will only give you a momentary glimpse of where things stand. It is an incomplete picture. Similar to how many of us weigh ourselves every month, or for some, every day, measuring biological age every year will help determine what we call your “rate of aging.” With this information you can start to infer where you are headed and also assess the impact of your lifestyle choices.


After learning her biological age, Rebecca began to transition to a plant-based diet and also attempted to boost her exercise. She started out slowly, eliminating meat from her diet, then dairy, and adding in long walks a few days a week. After a year, her biological age was down to forty-two, and we have plans to test it again next year.


The power of biological age comes down to the fact that it is modifiable. Genetic risk cannot be altered, but your biological age can be. Like Rebecca, once you determine your biological age, you can adjust your behaviors and lifestyle in response, and then retest it to provide an indication as to the impact of your choices.


Rethinking the Current Medical Paradigm


At this point you may be thinking, “If I get an annual physical, isn’t that enough? Why do I also need to know my biological age?” It is true that health checks are important for early detection of disease (what we call “secondary prevention”). They are not ideally suited for primary prevention, however, which is the prevention of disease incidence altogether.


What’s more, we have shown that holistic measures that evaluate the status of your larger system are much more informative measures than the suite of individual lab tests that are typically evaluated. For instance, many of us have likely gone over our results for things like cholesterol and/or blood sugar with our doctors. Traditionally, if you are below (or for some lab tests, above) a certain threshold, then your results are said to be in the “normal” range. The problem with this technique, though, is that many of these cutoffs are chosen somewhat arbitrarily. There is no magic cholesterol threshold we pass through to enter a state of unhealth and disease. Even in the normal range, each of us will vary in our immediate risk for disease, in some ways depending on how close we are—high or low—to the cutoff. Obviously, another related factor to consider when evaluating where a person’s risk lies is their chronological age. Having high cholesterol is a much more serious indicator that something is wrong if it is detected in a person who is thirty years old versus someone who is seventy. Yet our medical system engages in standardization of care rather than personalization.


When assessing biological age, we consider the whole spectrum of possible results across multiple tests, and then assess a person’s state in reference to either (1) what is expected for someone their age, (2) how different their profile is from someone who develops some disease or who is likely to die in a given period of time, or (3) how different they are from their previous state. As a result, biological age is more about your personal multidimensional profile than any single lab test. A high value on a single measure is usually not enough to greatly elevate a person’s biological age. Because biological age is not binary, it is also more relevant to tracking. For traditional lab tests, there are usually only two options—normal or elevated. Sometimes you are given a heads‑up that you are borderline, but there is still only so much feedback these binary measures can provide, especially when you are still young.


Given the newness of biological age measures, we are still developing a fully comprehensive understanding of what people can do to slow or reverse their rate of aging. Epidemiological (or population-based) studies, comparing people in the general public, have highlighted some key characteristics shared by those who seem to be aging slower—and the findings are not at all surprising. On average, people who rate younger biologically, in comparison to others their age, tend to not smoke, drink minimally, exercise regularly, eat more leafy greens, consume less red meat, get better sleep, and experience less stress.
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