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INTRODUCTION

This Book Will Extend Your Healthiest Years

I learned one of the most valuable lessons of my life during a conversation with my father on the day I graduated from Yale University School of Medicine. It changed my way of thinking about health and how I practice medicine every day.

After the graduation ceremony in New Haven, Connecticut, my family and friends returned to our Far Rockaway home in Queens to celebrate. Between champagne toasts, Dad pulled me aside and said, “Okay, my brilliant doctor daughter, so now tell me what can I do to keep myself healthy as I get older?”

He wanted to know how to live longer in great health and especially avoid a heart attack or stroke. His cousin had a stroke and was basically incapacitated. My father did not want a stroke to stop him from staying active and living life to the fullest. He was an athlete who spent a great deal of time playing sports, swimming, and lifting weights at a gym in Long Beach with local police and fireman to keep up!

“I’ve been working out, walking miles along the beach, jumping into the ocean to swim, and eating healthy, baking bran muffins,” he told me.

I knew that. My fifty-eight-year-young dad was keen on keeping himself in good shape but wanted to know more. It seemed he had been waiting for me to receive my diploma to ask that question.

My mouth hung open for a few seconds. I was at a loss. “Um, honestly, I can’t give you a definitive answer because they didn’t teach that in medical school. We were trained to diagnose symptoms and treat the disease that typically presents with a chief complaint.”

Another toast interrupted our conversation, but I never forgot his question. It haunted me for a long time, even during my years of residency, where I learned how to diagnose specific complaints and develop treatment plans in a real-world setting. As I performed patient evaluations, I kept asking myself, How did this person get so ill? Why didn’t someone catch this sooner? When was the last time this person saw a doctor?

We seemed to be working backward, I thought. A stroke or heart attack, diabetes, or cancer does not occur overnight; decline occurs over decades. Why weren’t we taught how to intervene before someone gets sick?

Today’s medical care is largely dependent on urgent care. When someone is ill, they find a pharmacist or local clinic to get attention. The loss of family doctors, too, is a deep issue. In the past, a family physician would have known you and may even have cared for your parents or grandparents, and because the doctor had established a baseline, he could readily see what was going on when you were unwell. A family doctor was the core clinician, but today, it is hard to find one. Here in the United States, insurance is another contributor. Most of us are covered by companies that do not assign a doctor to be your practitioner, and to boot, insurance carriers change as often as yearly! As a result, you have no access to a clinician who truly knows your health status. Instead, you are seeking medical advice from an acute care facility or an emergency room. In the United Kingdom and other parts of the world, you might even be going to a drugstore, speaking to a pharmacist who, though knowledgeable, does not have the same depth of education, training, or experience as a medical doctor would. Paying attention to your health proactively can feel next to impossible.

A DIFFERENT APPROACH TO LONG-TERM HEALTH

After graduating, I pursued a career as an endocrinologist. Endocrinologists are physicians with expertise in hormones and metabolism. The endocrine system is a whole-body system. It’s the network of glands that run through our minds and bodies, controlling many of our bodily functions. Glands produce and secrete peptides, protein molecules made up of simple amino acids, and hormones, the chemical messengers that regulate everything from your metabolism to your mood.

I completed my endocrinology fellowship at the National Institutes of Health in Bethesda, Maryland, working as a clinical researcher at the National Institute of Child Health & Human Development. There, I treated adults across every decade of life for many common maladies—diabetes, heart disease, osteoporosis, lipid disorders, cancer, and other chronic conditions—all while conducting research on adults and children with metabolic disorders that led to innovative therapies now used worldwide.

Those years crystallized my passion for proactive, preventive care. I saw how aging exerts its influence long before symptoms emerge and how early biological shifts shape health in every decade.

I became an expert in reproductive endocrinology and pioneered the first therapeutic use of synthetic peptides to treat women with endometriosis, fibroids, ovarian cysts, chronic pain, and infertility, and men with prostate cancer. In the early 1990s, I began managing women through perimenopause and menopause and was the first physician to identify and treat the parallel hormonal declines in men—periandropause and andropause—by uncovering hidden risks of aging disorders and reversing age-related losses in testosterone and muscle through precision interventions.

I brought new peptide therapies through the FDA process, taught physicians how to use them, and published research that has since become the standard of care in the US and around the world.

But my experience at NIH was also a valuable education in the body’s interconnected systems. I came to understand that we are not a jumble of separate parts to be treated individually but an integrated system that needs to be analyzed as a singular being.

A few years into my endocrinology practice at Yale-New Haven Hospital, my desire to answer my father’s question about staying healthy grew stronger. Seeing the body as one integrated system led me to begin scrutinizing biomarker data in lab work to investigate how our bodies worked beneath the surface. I recall Maria T., a forty-year-young woman complaining of having recently gained weight. She hadn’t changed anything in her lifestyle, yet her clothing was now too tight around her waist. I learned that her mother had a heart attack at age sixty, and her father suffered from angina, diabetes, and osteoporosis. I immediately ordered biomarkers for glucose, insulin, hemoglobin A1c, cholesterol profile, hormonal profile including LH (luteinizing hormone) and FSH (follicle-stimulating hormone), estradiol, testosterone, and progesterone. Maria’s biomarkers revealed early diabetes, elevated cholesterol, and transitional hormones in perimenopause. I saw that by monitoring biomarkers, I would be able to detect the faintest beginnings of disease very early on, long before they start to emerge as detectable symptoms. I analyzed my patients’ sleep and eating patterns, movement, cardiometabolic biomarkers, hormones, and genomics to get a complete picture of their lives and behaviors.

Family history, I realized, was a key part of the puzzle. Once I began to treat the details about what happened in my patients’ parents, grandparents, aunts, and uncles as extremely valuable, the data acted like another biomarker, telescoping their future health risks. Beyond the family facts, I was able to map genetic variants, such as mutations in BRCA1 and BRCA2 genes, the biomarkers associated with increased risk of developing breast, prostate, or ovarian cancer. I also began to look more deeply at my patients’ lives and choices.

I’m a data junkie. I love figuring out what the numbers foretell. My friends and colleagues say my superpower is my ability to integrate complex data and connect the dots, finding clues that lead to new insights and answers. Superpower or not, I noticed something shocking: There was already evidence of abnormalities in everyone I tested, regardless of their age. I could clearly see disorders of aging in outwardly healthy people, as early as their twenties, thirties, and forties, and some are, alarmingly, even detectable in children. I would look at my patients’ labs, see trends in their biomarkers, and realize they were on a path to diabetes or heart disease, osteoporosis, or even cancer, long before their doctor would be aware of it.

I clearly remember one of my first patients when I started the center for Women’s Health at Yale. Rebecca G. carried a few extra pounds after her second pregnancy and revealed a susceptibility for diabetes during both her pregnancies. She had high blood pressure, low HDL, and high LDL cholesterol. At thirty-one, she was already prediabetic but had not been offered any interventions by her regular doctor despite those findings. Biologically, she seemed more like a fifty-year-old. Delving into her family history, I discovered that Rebecca’s mother had a heart attack at the young age of forty-nine. While her mother presented with chest tightness and shortness of breath, she was never worked up for heart disease; her doctor told her she had “empty nest syndrome,” diagnosed panic and anxiety, and prescribed Valium. Rebecca’s mother was never offered an EKG or stress test—and neither was Rebecca before she saw me at Women’s Health.

It was clear to me that Rebecca was traveling the same path as her mother. I had to intervene now, not wait twenty years until her condition became dangerous, when I expected a heart attack before fifty. And Rebecca was just one of many patients who were aging too quickly. I could see disease beginning below the surface at the cellular level ten, twenty, or even thirty years before their symptoms would send these patients back to me. Rebecca, Maria, and patients like them convinced me that aging diseases begin to take root in early midlife. And this presented an opportunity for being proactive.

Paying careful attention to key biomarkers can help us understand the relationship between the interconnected parts within us and the risks we face as we age over the years. Stopping emerging diseases is possible when you have the facts about your makeup and prototype. Your biological parents and extended family members pass their genes down to you, and if disease emerges in them, you are at risk unless you stop the progression to chronic disease. What I was beginning to understand then is now the bedrock of my clinical practice: While chronological aging is inevitable, living with chronic disease is not. Age is a key factor in getting a disease, but not if you learn your personal makeup and what can be done to stop and prevent disorders of aging. My father’s desire to stay healthy steered me in this direction; I was figuring it out and excited to apply that method to each patient.

UNDERSTANDING AGING

So, how and when do we begin to age? My epiphany happened during an endocrinology journal club presentation I gave as a professor at Yale School of Medicine. I was beginning to appreciate how many medical conditions arise in our thirties—infertility in women, heart attacks in men, weight gain around the middle, bone loss, and more—and I shared research papers with evidence to back up my points. My message to the audience was this: Health decline may be invisible on the surface, but it’s happening at the cellular level. Why? And how can we unmask it before heart disease or cancer or osteoporosis take hold?

Hormones, which influence all those other biomarkers, start to decline when we hit our thirties; Father Time starts ticking away at what Mother Nature gave us in our youth. Our twenties might be marked by youthful energy and a sense of immortality. We can burn the candle at both ends, working sixty-hour weeks, with punishing Cross-Fit sessions three days a week, and then party all night and still bounce back to go to work in the morning! But the fourth decade of life is when aging triggers the beginning of systematic internal decline.

In our thirties and forties, most of us are preoccupied with family and careers and blame being too busy to get to the gym, eat well, or get inadequate sleep for the diminished energy we feel, yet the signs and symptoms of aging are emerging metabolically at the cellular level, hidden beneath the surface.

One of the most significant biological declines is the hormone testosterone. Around age thirty, testosterone begins to wane in men and women, affecting your metabolism and sugar control by making it harder to maintain muscle and allowing more fat to accumulate, especially around your trunk and abdomen. Disruptions start to occur in the way cells communicate, too. Our mitochondria, the power plants of our cells, become less efficient at producing adenosine triphosphate (ATP), which is the energy molecule that allows cells to function. When that occurs, mitochondria produce more reactive oxygen species (ROS), molecules that drive cellular senescence, a phenomenon in which cells can no longer divide and become pro-inflammatory, accelerating the aging process. These senescent cells are called zombie cells because they’re damaged yet refuse to die! This and other cellular and hormonal processes happen without you noticing, long before wrinkles appear and your knees start aching.

But here’s one outward symptom you might recognize in your forties: rougher hangovers. Researchers at the Fritz Lipmann Institute in Germany say that at that age, many people experience a phenomenon of molecular aging that impairs their ability to metabolize alcohol. One or two drinks might knock you for a loop when you could handle many more in your twenties and thirties.

Some research suggests that aging isn’t a gradual linear process but rather one made up of rapid bursts of aging at set tipping points. A recent article in New Scientist characterized it as “more like whitewater rafting: long stretches of calm punctuated by sudden periods of extreme turbulence, punching holes in your raft until you eventually sink.” By analyzing plasma proteins, inflammation molecules, and lipids, researchers at Stanford University reporting in Nature Aging found that well-known molecules associated with the chronic disorders of aging spiked dramatically during the early to mid-forties and then again around age sixty.1

What is clear is that most diseases begin slowly, long before symptoms emerge. But many can be detected and measured, starting as early as your childhood years.

We are ignoring these early signs. And look where we stand as a result:


	Chronic illness affects six out of ten Americans, according to the Centers for Disease Control and Prevention (CDC). Four in ten have more than one chronic disease.2

	In the United Kingdom, more than 45 percent of the adult population has at least one long-standing health problem, and more than 20 percent report being limited in the activities they can perform to due to health problems, says the Office for National Statistics.

	Thirty-eight million Americans are living with type 2 diabetes, a reversible disorder; ninety-six million, or one in three, have prediabetes.3

	Cardiovascular diseases are the leading killer of men and women worldwide.4 Most heart disease and stroke deaths are preventable, yet cardiovascular disease is the most expensive disease in the United States.



Why are we waiting for heart attacks, diabetes, obesity, and cancer to show up before we get serious about taking charge of our health? At that point, the remedy is complicated, less effective, and more expensive. If we could see what the future has in store for us, wouldn’t that give us the motivation to act and seek the knowledge of how best to intervene?

HIDDEN CLUES

As I honed my skills as a longevity doctor, I kept thinking about my father and his question. I went to visit my parents to show my son the subway. He was only two and curious about the train engineer because we had been reading a book about Panda, whose father was a train engineer. My parents lived only a block away from the A train in Far Rockaway, so we walked to the steps that led to the train. As my father climbed the steep steps to the platform, he knew something was wrong. He felt uncharacteristically fatigued, looked pale, and told me his chest hurt. He said he had been monitoring these symptoms for a few months because he always wanted to know what was going on in his body and to be able to describe it to a doctor. My father drove back with me to Yale-New Haven Hospital and underwent a cardiac catheterization the next day. The cardiologist found narrowed coronary arteries. We could have avoided that stressful drama and kept his arteries healthier if his physicians had been practicing proactive Precision Medicine, looking deeper than the cursory physical exam, instead of standard conventional reactive medicine. Had we not been there to show my son the train, a heart attack would have sent Dad to the hospital, if he was lucky. His heart could also have arrested, and he might have died before reaching a hospital as many do.

I’ve come to learn that the clues, though hidden, are readily detectable. By analyzing thousands of patients and their medical records over the course of my career, I recognized the incredible value of that data. Using tools such as wearable continuous glucose monitors and sleep trackers, computerized diagnostics like CT Angiograms and CT Calcium Scans, plus AI analysis of the inside of arterial walls to identify plaque and measure vessel narrowing, I realized I can predict future health problems in time to reverse them. What emerged were seven common patterns of aging and health decline into which I could categorize every one of my patients. These common characteristics of emerging diseases could help guide me toward personalized treatments that take into consideration each patient’s uniqueness, an approach I call Nof1TM.

WHAT EXACTLY IS Nof1?

It’s a personalized approach to healthcare that focuses on each individual patient and tailors interventions based on the unique health characteristics and responses of a single human being. Nof1 is the exact opposite of how one-size-fits-all conventional medicine is practiced. It’s proactive, not reactive. Nof1 does not wait for disease to emerge but identifies early disease and reverses and prevents progression using in-depth trials where the patient serves as his or her own control.

Nof1 allows for greater accuracy and highly personalized care. By contrast, conventional medicine relies on studies of large populations to develop standardized treatments and clinical protocols, assuming what works for the majority will work for everyone. In short, conventional medicine’s diagnoses and standard-of-care treatments are based on the “average person.” But no one is average. One-size-fits-all medicine ignores the fact that each human is one of a kind, with specific traits, family history, genes, and ways those genes are uniquely expressed based on habits like sleep, food, activity, stress, and environment.

You can use Nof1 to find yourself in my seven patterns of aging, too. I guarantee you’ll identify with two or more of these patterns in Part Two and recognize what’s likely at play beneath the surface in you. That insight will give you an advantage over your biological aging process and allow you to use the targeted interventions I’ll recommend to stop and even reverse the decline to disease in your future.

It bears repeating: Aging allows disease to emerge. As our bodies become biologically older, mechanisms driven by our genetic makeup, epigenetic factors, and the life we live and the choices we make accelerate outward signs of aging that we all want to avoid. Who doesn’t want to look fantastic and live life to the fullest at forty, fifty, sixty, seventy, or beyond one hundred? I want to live as long as possible in optimal health to enjoy all life offers! The key is keeping my health until the last possible moment. Living with disease is not acceptable; disorders of aging, all the chronic diseases we see in our parents and the elderly among us, are avoidable.

I want you to ask yourself, Who do I want to be at one hundred?

It’s not a ridiculous question. We are living longer than ever before. In the 1950s, the Census Bureau estimated that only 2,300 Americans were aged one hundred and older. Today, there are nearly 110,000, and that number is expected to jump to 513,000 by 2054, according to United Nations population projections. I anticipate many of us will one day push the envelope and live to 120 or more. When asked how long they would like to live, most people gave an age between seventy-nine and one hundred, with the median ideal lifespan being ninety years, according to Pew Research Center. That’s roughly eleven years longer than the current US life expectancy, 78.7 years. Studies suggest that keeping their health, remaining active, and being able to care for themselves are far more important to most people than passing the century mark.5

So, if I could give you a magic mirror that reflects you thirty, forty, or fifty years from now, who do you expect to see looking back at you? Will you look frail, in pain, bent over a walker, or confined to a wheelchair? Nearly 50 percent of people aged seventy-five and older and 25 percent of those sixty-five to seventy-four have serious difficulty walking or climbing stairs. Will that be you? Will you be struggling with memory failure due to dementia, injecting insulin as a diabetic, or being unable to live in your home as your health fails?

You don’t want any of that in your future. Even your reflection can look much different. You can look twenty, thirty, or forty years younger than your chronological age. You can laugh, be active, play golf, pickleball, or tennis, ski, swim, walk up the train steps with your grandkid, and stay sharp as a tack to enjoy everything this world offers at seventy-five, eighty-five, ninety-five, one hundred five and beyond.

The key to doing things differently is by exploring your health status much earlier in life. Studies reveal that while some people avoid medical care for fear of learning they have a serious illness, most skip checkups due to lack of time or expense.6 Yet, early detection often yields better health outcomes, prevents suffering, and avoids higher costs. I’ve been working with my patients to do this type of planning and change their health outcomes for nearly thirty years. This approach is called Precision Medicine, a term I’ve been using for decades, but one that President Obama elevated to the zeitgeist in announcing the Precision Medicine Initiative during his 2015 State of the Union address.

Precision Medicine is most straightforward to define by understanding what it is not: It is not the conventional way to treat disease using a one-size-fits-all approach that attempts to cure or ease symptoms using therapies that have worked for other patients with the same diagnosis.

Each human is unique, even identical twins (like my sister, Harriet, and me). In recent years, scientists have begun to recognize that individuals are distinctive and singular. In 2015, the National Institutes of Health created “All of Us,” a large research program designed to speed up research to advance personalized healthcare where prevention and treatment are tailored to the individual. I encourage everyone to sign up at joinallofus.org and help to build a database of health information to assist researchers in making discoveries that will improve the health of generations to come.

For more than twenty-five years, I have brought personalized, proactive Precision Medicine to thousands of patients. I look at the entire person—system wide—because the heart and brain, glucose and hormones influence one another. Supported by my team, I have helped patients avert major cardiovascular events—with zero heart attacks among those continuously engaged in our program. We’ve achieved remission of diabetes, restored metabolic health, detected asymptomatic cancers at stage zero, and reduced biological age markers by ten years or more. In practice, I partner with each patient using wearable health monitoring devices, practical shifts in nutrition and activity, and targeted strategies for stress and restorative sleep.

Because I evaluate the whole person, the improvements show across systems. In a recent analysis of my practice, my team and I found the following: 87 percent of our female patients lost body fat and 90 percent lost visceral fat, the most dangerous kind; in total, 92 and 86 percent reported deeper sleep and more energy, respectively. Additionally, 56 percent built lean muscle, and 69 percent increased their aerobic endurance, reducing the risk of disease and death by more than 12 percent over the succeeding decades, independent of cardiometabolic disease. Among men, 98 percent lost body fat and 97 percent lost visceral fat. Also, 92 percent added muscle, 81 percent enjoyed deeper sleep, 78 percent reported improved sexual function, and 81 percent had a greater sex drive.

These results aren’t reserved for those who can afford concierge-level care. I began this work to prove we can stop diseases triggered by aging—and to make proactive care accessible to everyone. The path is teachable, and this book distills it so you can understand it and put it to work. My vision is to end chronic diseases in this century—ambitious, yes, but achievable—and to extend healthspan to match lifespan so we can live longer with vitality and joy.

HOW TO USE THIS BOOK

Invincible offers practical insights to help you understand your whole system—body and mind—and apply targeted interventions that extend healthspan for a long, active life, aiming to be free from disease. It is not a magic bullet for longevity, nor a one-size-fits-all prescription; personalization is the point because you are unique.

Invincible is arranged in three parts.

Part One: The Truth About Aging shows you how aging lays out the welcome mat to the disorders and diseases we associate with getting old. You’ll dig into your medical history and your family’s health history to reveal potential health issues ahead. You’ll schedule a blood draw for what I call the Five Biomarkers of True Health at a lab like Quest Diagnostics, Vibrant Wellness, or Labcorp. In my clinic, I typically analyze over 150 biomarkers as a baseline, but these five alone provide a clear picture of your current health and where it’s headed. You’ll also learn how to use a continuous glucose monitor (CGM) to understand more about your biology in real time. Using this data, you’ll identify yourself among seven aging patterns described in the next section.

Part Two: The Seven Patterns of Aging. Think of this as your crystal ball. I describe the early signs of each common aging disorder, show you how to recognize signs and symptoms, explain how they’re likely to affect your life as you age, and outline what you can do now to reverse your biological age and avoid the health decline that aging can bring. You will find yourself in at least two—and likely more—aging patterns because every woman with ovaries goes through menopause, every man who lives long enough experiences andropause, and every human being develops some degree of a carbohydrate-metabolism disorder. In my testing over the decades, not a single person has shown optimal glucose and insulin balance. You’ll learn why that finding connects to almost every other pattern of changing health.

Part Three: Extending Your Healthspan is your personalized program. I’ll show you how to fine-tune your health using new technologies, lifestyle modifications, breakthrough medications, hormone optimization therapy, peptides, and supplements. I’ll explain how to use GLP-1s like Ozempic, Wegovy, Tirzepatide, Zepbound, the oral GLP-1 orforglipron, and other peptides if your aging pattern suggests they may be appropriate for you. You’ll get practical steps to improve sleep, build fitness and lifelong strength, and optimize nutrition.

Your genes don’t have to be your destiny. If you recognize what’s happening in your body before disease symptoms emerge, you have the best chance to stay healthy for life. Even if you are experiencing symptoms now or have already been diagnosed with a health issue, you have powerful tools to take control. You can stop and even reverse biological aging while continuing to add candles to your birthday cake.

Aging poorly is not inevitable. Aging well can make you invincible.

The choice is yours, and the toolkit to match healthspan to lifespan is in your hands.

6 







PART ONE

The Truth About Aging







CHAPTER 1

How Aging Happens

Welcome to your twenty-year high school reunion. Looking forward to it? It could be a lot of fun, or it could be terrifying.

Worse than looking in the mirror and finding that first gray hair or deep wrinkle, reunions are often a reckoning that you’re getting older. For many, it’s a bummer; for others, it’s a frightening wake-up call.

You walk in, pick up your name tag, and immediately see the poster on the wall with photos of “Classmates Who’ve Left Us Too Soon.”

My God! Douglas? And Jackie? When? How?

“Shocking, isn’t it? Six gone since our last reunion.”i

You turn to see who’s talking and check his name tag because you don’t recognize him. “Keith! Wow, haven’t seen you in…”

He finishes your sentence, “Ten years, at least.”

Keith was a three-sport athlete: basketball, baseball, and an all-state running back in football. Muscular, handsome, outgoing, and confident, he seemed to have it all, including the girls.

What happened? you wonder. He’s virtually unrecognizable from his senior yearbook photo. He’s overweight with a large belly. The thin, dark skin under his eyes and his fleshy jowls make him look like a much older man, certainly older than you are.

“You look great; you haven’t changed,” he compliments.

“So do you,” you lie.

You wonder, Is he lying, too?

You scan the crowd. Except for the rare peer who seems to have defied the passage of years, everyone looks older, grayer, fatter or thinner, or tired—everyone, the athletes and cheerleaders, the popular girls, the stoners, skaters, and the quiet, nerdy scholars. Nearly everyone is showing the hallmarks of age.

There’s Bruce, the skinny surfer with the flowing golden locks that were the envy of all the girls, now balding and wearing a size forty-one waist. There’s Jane, the cheerleading captain with a smoker’s cough who appears very skinny, Nancy who had a mastectomy last year, Richard who is battling colon cancer, Troy with diabetes, and Richard, Tony, Sue, Rebecca, Charlemagne, Jessica, Jimmy, Paula, Heather, and Candy, all considerably heavier than their graduation photos. A few are obese.

Your eyes drift back to the wall of “Classmates Who’ve Left Us Too Soon.”

In total, 7 members of a typical graduating class of 350 will have died by their twentieth high school reunion and 32 by the fortieth, according to actuarial tables. Even if your class is lucky enough to have defied those odds, your tiny reunion hall reflects the state of the union’s health—poor—and the reality check that you and your friends are getting older even before you reach forty!

Many signs of aging can be seen in the mirror: Age spots appear on your skin, your hair turns gray, and wrinkles develop. Some appear in your psyche, too, as you ask yourself questions like, How did I get so fat? Where are my muscles? Why am I so tired? Do I have dementia? Where did my sex drive go?

Then, there are the changes you can’t see and don’t think about, changes going on deep inside you at the molecular level that began a decade or more earlier.

CH-CH-CH-CH-CHANGES

Let’s stop looking in the mirror and use next-generation sequencing techniques to hunt for genetic disorders and gene expression. That’s where the changes of biological aging begin and where they can stop. While longevity experts debate the triggers of aging and which are the most important pieces of our functional decline, what is becoming increasingly clear is that damage occurs to our genetic material, which directs cellular function and leads to deterioration that our system can’t repair well with advancing years. As a result, our outward appearance changes with those classic signs—thinning skin, wrinkles, liver spots, graying hair, and muscle shrinkage—and inside, we become more vulnerable to the disorders associated with aging: heart disease, diabetes, stroke, osteoporosis, dementia, and cancer. And we’re more likely to deteriorate and die due to infectious diseases like COVID-19 or pneumonia.

For many of the guests at our reunion party, the changes inside our bodies can be read on the outside; a thickening waist is a very good indicator of a metabolic disorder. But sometimes those external clues are missing. Several years ago, I found some abnormalities in the bloodwork of a patient who could have been one of those high school reunion attendees who missed the memo about looking older at the party. Greg, a man in his early fifties, looked great. He was lean, fit, and seemingly healthy. He had never had a colonoscopy, so I referred him to a gastroenterologist. In short order, the colonoscopy and further testing determined that he had colon cancer.

“How does that happen?” Greg asked me. “I’m just fifty-three! I eat healthily and exercise. I’ve been swimming competitively since college!”

It doesn’t seem fair. Greg, who seemingly did everything right, learned he needs a cancerous tumor in his colon removed.

So, was it bad luck? Epigenetics? Genetics? Environmental endocrine disruptors? An illness early in life? Those bacon double cheeseburgers he ate in high school? What caused colon cancer in an otherwise healthy young man? There are many genetic variants—CHEK2 mutation or Lynch syndrome are two—that allow colon cancer to occur even in a young person.

We may never know the answer for Greg because we are each unique. Likely the cause was simply aging, perhaps due to an underlying genetic variant. Aging can trigger genetic variants in his genes that are expressed as cells that can’t repair themselves. Or he may have inherited difficulty detoxifying endocrine disruptors too; breast cancer is common in my family for that reason. Both cancer and aging are highly complex progressive processes that involve a sequence of gene–environment–lifestyle interactions and system malfunctions. Fortunately, Greg’s story ended happily; he had surgery and didn’t even need chemotherapy, and he’s been cancer-free for seven years. And he’s stronger than ever; he recently broke a pool record in the backstroke during a master class swim meet.

Aging itself isn’t a disease. Getting older is a physiological, not a pathological, process. The biological changes that occur as we blow out another candle provide an easier path for disease to begin to take hold. That means if we can slow the rate of aging or even reverse the biological process of aging, the onset of cancer and other disorders associated with getting older, such as diabetes, heart disease, stroke, osteoporosis, and Alzheimer’s disease and other dementia, among others, can be reversed or stopped.

We are living longer than ever before. During the Paleolithic era, humans rarely lived past age thirty-five. By 1968, life expectancy had jumped to sixty-eight years, from just forty-seven years in 1900.1 By 2019, it had risen to nearly seventy-nine years. By 2030, the percentage of the American population aged sixty-five and older is expected to swell from 13 percent to 18 percent.

While there’s no doubt that advances in medical science are helping us live longer, we’re not enjoying those extra years in good health. You can see it everywhere, in aging relatives who are struggling to walk or battling disease, in friends who are winded from climbing the bleachers at a football game, and in shopping malls where people younger than you are so overweight they need to use a motorized shopping cart. And few relish the thought of spending their final years in a nursing home.

Aging is a complex phenomenon involving biological, physiological, and psychological changes. It occurs in all living organisms as they grow chronologically older, whether that organism is an elite pro basketball player or a fruit fly. Every living being shares it. But unlike a fruit fly, we humans have sophisticated brains and the technology to alter what we think of as inevitable. To understand how, first we need to appreciate the mechanisms of aging.

THE HALLMARKS OF AGING

Every living thing shares another important trait besides aging: the motivation to not die. Whether you’re a worm, a beetle, a porpoise, or a human, your ancient evolutionary drive is to stay alive and survive so you can reproduce and ensure that your genetic code endures when you are no longer alive.

If you think about it, reproduction is a fundamental aspect of an organism’s life cycle. Whether you decide to have offspring or not is your choice. But from a biological–evolutionary perspective, that’s the purpose of life, whether you’re a worm or a human. This ability to reproduce is closely tied to various physiological systems, such as hormonal regulation, organ function, and cellular health. The theory of “disposable soma” posited by English biologist Thomas Kirkwood in the mid-1970s suggested that most organisms prioritize passing on genes rather than living to an old age.

This is an important fact to keep in mind as we consider the aging process, which begins around thirty. If you’re over that age, you know this from experience. By analyzing the careers of professional athletes, undeniably, the human race’s most awesome body-perfect cohort, scientists have concluded that most male and female athletes enjoy their physical and performance prime somewhere between the ages of twenty and thirty before undergoing a decline. When researchers tracked 11,200 performances among pro athletes, they determined that decline started at age twenty-seven for most.2 There was some variation between sports: Swimmers tend to peak earlier, at twenty-one, whereas chess grandmasters, who rely on mental muscle rather than brute physicality, peak at around thirty-one.

So, what does that mean for the rest of us who can’t dunk, throw a baseball ninety-nine miles per hour, or master the infinite complexity of chess?

Same. We peak around age twenty-seven, too. When it comes to performance, whether reproductive, physical, or cognitive, we’re the best we will be before age thirty. And then what happens? We start to decline. Sorry to be the bearer of bad news. Don’t worry; good news is right around the corner!

Around age thirty, hormonal changes begin, accompanied by alterations in muscle, bone, carbohydrate metabolism, cardiovascular health, and cognitive function. You likely don’t recognize these changes. After all, the thirties are typically the busiest and most stressful. You may be raising a family, sandwiched between caring for rambunctious little terrors and stubborn aging parents. You are in the prime of your career, working sixty-plus-hour weeks, trying to pay the mortgage and save for those college educations that are going to come out of nowhere before you know it. But the signs are there. You can’t get to the gym as you once did. You don’t feel like having sex twice a day like you used to. What happened to your carefree, high-energy, burning-the-candle-at-both-ends, late twenties? They went the way of your libido.

This is because, around thirty, your hormones begin to change, testosterone first in both men and women. Testosterone, T for short, starts waning at the rate of about 1 to 3 percent per year. That change is virtually unrecognizable given all that you have going on, but it is significant for several reasons. For one, testosterone is the prime driver of muscle repair and growth. Less testosterone means less muscle. Muscle sucks up glucose like a twelve-year-old with a straw in a Slurpee. If you have less muscle, that sugar stays floating around your bloodstream or being deposited as future fuel in the form of visceral fat around your most important organs, which happens to be in and around your midsection. That fat isn’t only unattractive; it’s active, secreting toxins that contribute to inflammation and a host of illnesses.

What’s more, the belly expansion that tends to occur in women and men around this time encourages the advent of chronic midlife weight gain and obesity. Being overweight is the harbinger of diabetes for many, a disorder that has become so ubiquitous that it’s not a stretch of the imagination to proclaim that every single one of us will be a diabetic if we live long enough. Others may look fit and well on the outside, despite prediabetes or diabetes, but the internal loss of muscle also allows fat to accumulate around the viscera and in the liver.

While aging is universal, the exact mechanisms that cause it still elude scientists. In the past decade, researchers have identified the barbs and arrows that slowly start injuring our cells and weakening our defenses against disease, the hallmarks of aging. They are not independent of each other; they interact and overlap. I’ll summarize them here because knowing the mechanisms of aging gives us an advantage. Like a chess grandmaster who knows her opponent’s logical next move, when we know what’s coming, we can take steps to checkmate aging.


   

	Hallmarks of Aging





	Science Speak
	Translation



		Hormonal insufficiency


	Your hormones decline



		Genomic instability


	Your DNA and cells take a beating



		Telomere attrition


	Protective end caps on chromosomes shrink



		Epigenetic alterations


	Changes in gene expression occur



		Loss of proteostasis


	Proteins clump in plaques around brain cells



		Mitochondrial dysfunction


	The power plants of your cells lose energy



		Cellular senescence


	Damaged cells undermine immunity



		Stem cell exhaustion


	Our most malleable repair cells stop working



		Chronic inflammation


	Your immune system simmers into inflammaging



		Extracellular matrix stiffening


	Tissues become less flexible; wrinkles happen



		Gut dysbiosis


	Imbalance of gut microorganisms





Your Hormones Decline

Hormones act as the body’s underpaid, unappreciated bicycle messengers, sending signals to every vital part of you, regulating a host of critical physiological processes. You may not realize how critical hormones are to how you feel and perform every single day. But I assure you that my decades of experience in reproductive endocrinology, gynecology, andrology, and adult and pediatric endocrinology made it clear: Hormones are significant for feeling well and sustaining health. As we age, hormone production and regulation decline, leading to changes in metabolism, tissue repair, brain health, bone turnover, muscle strength, countless biological processes, and overall health. In short, aging allows intrinsic diseases, like diabetes, cardiovascular disorders, dementia, and cancers, to run amok and extrinsic diseases like COVID-19, pneumonia, and others to invade and take over.

Your DNA and Cells Take a Beating

The genes you inherit from your parents play a significant role in the aging process. Certain genes contribute to your longevity while others make you more prone to age-related disorders, including cancer. At the same time, your DNA, your body’s instruction manual, is always under attack, being damaged up to a million times a day by some estimates. This damage comes from external forces, like UV radiation from sunlight, plastics, and viruses, as well as internal sources like metabolic byproducts, replication errors, and free radicals called reactive oxygen species (ROS) generated by mitochondria during cellular respiration. That is a natural sequence of the work your system does 24/7. Your young body typically responds by repairing these wounds to your DNA, but some damage sneaks through the repair process and will accumulate as we age, causing DNA mutations that hamper cellular activities. Immune cells are constantly exposed to stressors, like inflammation, oxidative stress, and DNA damage, all of which compromise their function. Over time, the cumulative effects of this constant pummeling can cause cells, tissues, and organs to lose their ability to function properly, which allows disease to take hold.

Protective Caps on Chromosomes Shrink

Telomeres are the protective caps at the ends of chromosomes that prevent the loss of genetic information during cell division. Think of them as the plastic caps at the ends of your shoelaces that keep them from unraveling. With each cell division, telomeres unravel and naturally shrink. Over time, as telomeres get shorter and shorter, they reach a length at which cells stop dividing. They enter a dormant phase called cellular senescence. When your chromosomes become unstable, mutations accumulate, which increases the risk of chronic disorders like heart disease, diabetes, cancer, dementia, inflammation, a weakened immune system, and other age-related diseases. Research has found that people with shorter telomeres had three times greater risk of dying of heart disease compared with people the same age with longer telomeres. Scientists believe telomere length is a significant indicator of your biological age and risk of chronic disease.

Changes in Gene Expression Occur

You’re going to see the term epigenome a lot in this book. “Epi” comes from the Greek, meaning “above,” so the epigenome means beyond the genetic code, beyond the DNA. In simple terms, epigenetic changes modify or influence DNA, turning genes on or off without changing the sequence of the DNA building blocks. That epigenetic turning on or off is how the epigenome changes the expression of a gene or how it works. When the epigenome modification, or tag, attaches to a gene, it can cause that gene to express a declining function associated with aging, such as DNA methylation, histone (protein) modification, chromatin remodeling, and RNA modification. I’ll explain some of this later. For now, the message is this: Your environment and behaviors influence your epigenome, which impacts the expression of your genes. Exercise, healthy diet, restorative practices like meditation and yoga, stress reduction, and good quality sleep, all these behaviors can impact your epigenome positively, while smoking, alcohol consumption, and other less healthy habits can hasten aging-associated epigenetic changes. We know that appropriate caloric restriction, exercise, and sleep have been shown to delay aging. In the near future, I expect we’ll develop epi-drugs that influence gene expression and find that promising new therapies, such as therapeutic plasma exchange (TPE), will be used for clearing senescent cells and averting immune disorders, cancer, and other diseases.

Proteins Clump into Plaques Around Brain Cells

Proteins are critical molecules in our cells, responsible for almost every biochemical reaction and keeping cells stable and functioning properly. When homeostasis of proteins is damaged, non-functional proteins start sticking together into clumps called plaques, which build up around nerve cells. These sticky clusters, made mostly of a protein called amyloid beta, get in the way of neurons working together. Think of these clusters as a mental flytrap, your thoughts getting caught in the glue, unable to move forward. Not everyone with amyloid beta plaques, however, develops potholes in the highways of their memory. Some studies suggest that another factor, inflammation, drives the progression to cognitive decline.3 Those sticky plaques can activate immune system cells in the brain to release inflammatory molecules that attempt to clear the amyloid roadblocks but end up causing neuron damage. Over time, the constant inflammation literally fries your brain cells. This clumping of dysregulated proteins and the neuroinflammatory response is characteristic of many neurodegenerative diseases associated with aging, like

The Power Plants of Your Cells Lose Energy


Damaged Cells Undermine Immunity


Our Most Malleable Repair Cells Stop Working


Your Immune System Simmers into Inflammation


Tissues Become Less Flexible; Wrinkles Happen


Imbalance of Gut Microorganisms



TAKEAWAYS


	We reach our peak health and fitness around age twenty-seven. Decline begins in our thirties.

	You can see some signs of aging in the mirror, but many can’t be seen, occurring deep inside you at the molecular level that began a decade or more earlier.

	Aging isn’t a disease. Instead, the biological changes that occur as we blow out another candle are the path for disease to begin to take hold.

	Know the enemy, the hallmarks of aging, to start turning back the clock.

	Slow and stop the rate of biological aging to live the rest of your life in optimal health and vitality with joy.




FOOTNOTE
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