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Introduction

One evening in late 2011, I found myself sitting alone in my office after a long day of seeing patients, sifting through dozens of charts and labs, at a crossroads. Despite how quickly I could move from room to room or how many patients I could see, I didn’t feel I was making a real impact on their health. We were having the same conversations every six months or so about the same problems, just escalating their medications. Their numbers looked good, and we were reducing their risk of complications, but I knew that the underlying process of their disease would progress. I had all this knowledge about physiology and the pathways in our body that lead to disease, but I wasn’t applying that knowledge to prevent disease.

Like most doctors, I had the skills to confidently diagnose and treat a wide range of diseases, but my help was intervening far downstream from the mouth of the problem. I spent my time trying my best to slow the flow of symptoms when what they really needed was for me to fix the dam. I knew I was capable of offering more.

At the time, I had been practicing internal medicine for more than a decade and had worked really hard to be the best physician I could possibly be. I was leaning into the skills I had learned in residency at Harvard’s Brigham and Women’s Hospital and my training by incredible mentors at Harvard Medical School. I was proud of the outcomes I was achieving for my patients. I consistently ranked as having among the highest percentage of patients who achieved quality metrics for measures like blood sugar and blood pressure control. And year after year, I received awards for excellence in patient care based on being in the top percentile in national rankings. My peers consecutively voted me as one of the top doctors in Atlanta. However, I was so busy working long days and weekends that I didn’t have time to think about how we were measuring and defining “excellence.” That evening, all these thoughts overwhelmed me with frustration and helplessness.

So I stepped back and asked myself what was most meaningful to me in my job. I had chosen to specialize in internal medicine because I wanted to help people live better, healthier, and longer lives. I had a natural ability for seeing the forest for the trees, to see the whole body as a function of its many parts. I also valued the relationships I built with my patients and the privilege of being entrusted with their care, a responsibility I take very earnestly. I realized that these thoughts combined could fuel a renewed sense of purpose for me. I could think differently about my role as a physician, using my energy and knowledge for reimagining how we provide care.

From that day forward I set out to learn everything about health and longevity. I got up early most mornings before seeing patients at the clinic and spent weekends diving into all the information I could get my hands on: research on nutrition, resilience, stress management, and all things related to wellness. I relied on my undergraduate studies in molecular biophysics and biochemistry at Yale University, along with the two years I spent there working on pre-messenger RNA splicing in a world-renowned lab, to understand pathways that are disrupted by disease and aging. I delved into thousands of clinical studies and became obsessed with how to optimize those pathways using nutrition, exercise, sleep, and other lifestyle habits.

What I found was that many of the diseases we consider “adult-onset” such as heart disease, dementia, and diabetes, take root early in life. They evolve over a runway of decades before they are manifest, which means we have ample opportunity to change their course. And I found that we could prevent many of those diseases through lifestyle changes like a whole-food plant-based diet, exercise, sleep, stress management, and social connection. The logical decision for me was to approach medicine differently by bringing these practices and this information to my patients.

I began talking to my patients about their diet and taught an open-access course on nutrition and weight loss. I navigated a complex healthcare system to introduce a teaching kitchen, an innovative model for offering culinary medicine and other healthy living skills developed by one of my mentors, Dr. David Eisenberg at Harvard. Working with dietitians and experts in exercise physiology and mindfulness, we developed an award-winning worksite wellness program for our healthcare and university employees. I also collaborated with like-minded experts across the globe to advance a healthier culture through advisory boards, committees, and nonprofit organizations. With the support of generous philanthropy, we led my institution to being recognized as one of the pioneering centers across the country using lifestyle as medicine. I ran clinical trials and received grants for using cutting-edge technologies to find early disease biomarkers and measure the effects of our interventions; we conducted studies and published papers. I was well on my mission to help my patients live more fulfilling lives.

As my research went deeper, I was surprised to find something else, something really fresh and new—and very paradoxical: the science of how our bodies need stress to thrive. This new science showed that stress can repair and regenerate upstream factors in our cells that lead to disease, which we can’t fully access through the traditional pillars of lifestyle I was using as medicine. This new science also uncovered what makes it difficult for people to stick with the healthy habits I had begun recommending in my practice: our bodies are designed to become healthier through intermittent stress. Instead of striving for continuous habit change (which we often fail at!), it is more natural for us to alternate between challenging ourselves and then strategically recovering over time. This natural rhythm has been programmed in our cells and has been honed over the course of two million years of our species’ history.

It turns out that the scientific community is in the midst of a health revolution aimed at powering up and regenerating our cells, the trillions of building blocks that make our tissues, organs, systems, and body. Our cells control how we think, feel, and function. For our bodies to perform their best, our cells must function their best. Our cellular health is a micro-version of our overall health. The new science of using stress to improve cellular health is at the heart of this revolution in medicine—it lives at the intersection of regenerative medicine, natural, holistic health, and longevity.

As a physician, I have always been fascinated by the ability of the human body to heal itself. As a scientist, my interest is being at the forefront of applying, with precision, simple behaviors that can improve our health in a way no pill could. This cellular stress research was exactly what I had dreamed of that night in my office—it is the next frontier in a lifestyle that optimizes human resilience, health, and aging. It is the convergence of how we could use molecular technology to develop regenerative therapies to heal our organs and tissues and restore function through our daily habits and behaviors. This is science that needs to be shared and implemented.

* * *

When you think of stress, you probably think of chronic stressors, like work stress, family-related stress, or financial stress. That’s the type that is the most common in our lives. You’ve probably also read about its potential harm and have come across a lot of advice on how to manage it.

This book is about a different kind of stress: brief, intermittent bursts of stress, rather than chronic, continuous stress.

While chronic stress can indeed be damaging, this type of brief, intermittent stress paradoxically heals, repairs, and regenerates us.

Our need for this type of stress is so deeply hardwired in our genes that my goal is to convince you that you can’t achieve optimal health, longevity, and vitality without it.

Some of these stressors can be emotional and mental challenges, but they can also be physical. The most widely known is the brief, controlled stress of fasting intermittently, but we are going to cover many others to which our genome has adapted, like phytochemicals found in plant food and deliberate exposure to cold and heat.

These “good” stressors activate our natural healing defenses through what’s called hormesis. From the Greek meaning “to excite,” hormesis is using certain kinds of stress to trigger recently discovered cellular stress responses that make us stronger. When we experience hormetic stress, our cells switch to a stress-resistance state where they turn on repair and renewal mechanisms that are the biological equivalent of housecleaning. They repair DNA and proteins, increase antioxidant and anti-inflammatory defenses, turn on genes for producing new mitochondria, and remove and recycle old and damaged parts. These changes set us up so that when we recover from hormetic stress, we grow healthier, new cells and remodel existing pathways and circuits so that we are better prepared to handle future stress.

The pathways that are activated by hormetic stress counter the common pathways that lead to a wide range of chronic diseases and aging, which is my fascination about the science of “good” stress. Hormesis uses our cells’ own ability to heal, regenerate tissues and organs, and restore function lost due to damage, disease, and aging, and it does so in a counterintuitive way: by using stress to build stress resilience.

Resilience usually refers to the ability to “bounce back” from stress. However, recent research shows that we don’t ever truly go “back to normal” after encountering any stressor. Instead, we are somehow changed, down to the level of our cells, and we emerge with a new baseline. Improving our resilience really means reaching a new baseline where we are less susceptible to future chronic and harmful stressors. We can improve our mental, emotional, and physical resilience through hormesis, where physical challenges build emotional and mental resilience and vice versa. Stress is necessary to cultivate our resilience—that, in a word, encapsulates our capacity for living longer, healthier, and more vibrantly.

This distinction is important because it redefines our strategy toward wellness. In a world of chronic stress, we do want to find ways to reduce stress and draw boundaries around it. However, the insight from the new science of good stress is that not enough stress can be just as bad for us as too much (and the wrong kind). It can lower our resilience to combat mental and physical illnesses. Scientists even have a new term for this called sustress (inadequate stress) and have revised the entire framework of stress into three types: sustress (inadequate stress), eustress (good stress), and distress (bad stress). This updated framework requires us to make a shift in our approach to wellness by redirecting part of our energy from eliminating stress to learning to use the right kind to build our resilience to emotional, mental, and physical stress and become better prepared at handling life’s inevitable challenges in the future.

If, like most of us, you are already overwhelmed and stressed out, the idea of taking on more stress may seem nonsensical. But choosing stress as a health solution seems like a paradox only because we stress ourselves out the wrong way. We either take on too much and burn out, or retreat and avoid it. My aim is to show you that you can incorporate mild to moderate hormetic (“good”) stress even if you are feeling mentally and physically overwhelmed. It can help you feel calmer, more joyful, energetic, and resilient to emotional and physical illness. It’s a new paradigm for becoming a healthier, happier, and stronger version of yourself by adding new behaviors that push you out of your comfort zone. While that may seem daunting, I can reassure you that all the good stressors are very practical and accessible. They are a new set of tools that will help you approach your health entirely differently—by regenerating your body from the level of your cells—and will give you a new mindset about stress.

Simply put, this book is about stressing yourself the right way, with brief bursts of specific kinds of stress, at the right intensity, followed by the right kind of recovery.

THE SCIENCE AND ART OF CELLULAR RESILIENCE

The notion of growth through adversity is not new; it has long been a part of the teachings of numerous religions and philosophical works. And since the 1990s, it’s been embraced by positive psychology advocates and used as a mantra by psychologists, fitness trainers, and coaches.

For me, the ability to grow from stress has felt enticing and intuitive since childhood. As someone who at a very young age experienced political and civil unrest and then had to flee from my home and my birth country with my family during the Iranian Revolution in the late 1970s, then navigate learning a new culture, a new language, and new opportunities I had never imagined in the United States, I became fascinated by how we deal (or don’t) with challenges and uncertainty. As human beings, we have all invariably encountered and sought to turn around adverse events in our own lives. It’s how we make meaning out of our experience.

Yet the concept of stress-induced growth has mainly been conceptualized and explored thus far from a psychological perspective. As a result, we have only a partial understanding of what helps us flourish under adversity, traits such as realistic optimism, gratitude, and altruism. Hormesis expands our knowledge from the psychological aspect to a biological one. It explains the molecular and cellular mechanisms that underlie our long-felt knowing that we can grow stronger under stress. It connects our body with our mind and shows how each profoundly influences the other. Hormesis brings together everything I know about our biology to reevaluate our relationship with stress, to gain a better understanding of it, to measure it, and ultimately, to use it to our advantage.

The science of good stress teaches us that, unlike Nietzsche’s maxim “That which doesn’t kill us makes us stronger,” stress doesn’t have to come close to killing us to make us stronger. In fact, it shouldn’t come anywhere near that. It’s ordinary rather than seismic stress that activates our healing defenses. A mild to moderate amount is just enough to knock our body out of balance and force it to reestablish balance at a new baseline that makes us more resilient. It’s the repetition of everyday stressors that leads to transformation.

In my clinical trials on stress and health, I have found that hormetic stress is associated with a biological age—an age determined by biological and health markers instead of your birth year—that is lower than a person’s chronological age, suggesting it’s an important tool for healthy aging. Beyond the science, I have applied hormesis in my personal life and experienced an immediate increase in my energy, creativity, happiness, and productivity. It has raised my lifelong quest for resilience to a new level, and I emerged stronger and healthier from stressful periods. I have taught hundreds of patients with conditions like diabetes, obesity, and heart disease to use hormetic stress. I have seen it help them drop or reduce the dosages of their medications and even reverse their disease. The most rewarding part for me is seeing them feel better and live the life they want. They feel joy and renewed optimism that they are in control of their health. I work with executives from all over the world, including CEOs of Fortune 500 companies, professional athletes, and industry leaders, and help them use hormetic habits to reach their personal and professional goals. I have seen how dramatically it improves their performance and optimizes their health and human potential, while slowing their rate of aging. Now, it’s your turn.

MODERN SCIENCE, ANCIENT GENES

Before the discovery of hormesis and the powerful cellular stress response it triggers, the most common way people tried to tap into our evolutionary past for optimal modern-day health was through the Paleo diet and fitness movement. The premise was that since humans evolved during the Stone Age, re-creating the hunter-gatherer lifestyle is the best match for our genes. Most health professionals agree that we aren’t adapted to a world of processed foods, desk jobs, and chronic stress. However, there is much debate about the best way to cope with our modern reality.

The scientific limitations of the Paleo movement are twofold. First, many Paleo diets and lifestyles originated from the diverse range of habitats in which our hunter-gatherer ancestors lived, so there is no one way to re-create the diet and lifestyle. Second, natural selection is driven by reproductive fitness rather than health, so not all ancestral habits are healthy, and conversely, not all components of our modern lifestyle are unhealthy.

The discovery of cellular stress response genes has revolutionized our understanding of our evolutionary past and its impact on our present-day health. These genes provide the physiological basis for what our bodies truly need for good health. We can activate our ancestral survival responses—by activating these inherited genes—in specific ways to achieve measurable changes, support cellular regeneration, and cultivate a science-backed lifestyle for health and happiness. The science of good stress provides the road map.

I wrote this book because I believe the more you know about how your body works, the better you can understand the practices that work with your inherited biology, rather than against it, and feel motivated to make sustainable choices that improve how you feel and function. I want you to understand why hormesis matters and how it works in your body. I won’t just tell you about how good stressors will transform your health, though; I’ll also teach you how to use them. I’ll give you examples of what they are, help you determine which ones and what doses are right for you, explain how to best recover from stress for maximum growth and healing, and give you a framework to choose everything from food, to exercise, to ways to mentally challenge yourself that inspire possibility.

In Part I, I’ll explain the science of good stress, how we worked these ancient challenges out of modern life and why you need to work them back in to optimize your health and longevity. We’ll go through the importance of cellular health for reducing your risk of disease and slowing your rate of aging, and how hormesis regenerates, repairs, recycles, and renews your cells.

In Part II, I’ll teach you the key good stressors and how to choose the right kind, at the right dose, for the right duration.

Part III explains how to use hormetic stress to age better, prevent and manage disease, and improve your energy, mental clarity, mood, pain, and other symptoms that may be compromising your well-being. Hormesis provides an alternative way to improve your health habits if you feel stuck in your current efforts. You will understand how to use good stressors to complement your existing methods for improving your health and vitality.

Part IV includes the Stress Paradox Protocol, your comprehensive guide to making this all happen in your day-to-day life. There you will find detailed protocols with easy-to-follow steps for implementing and recovering from each good stress, such as fasting, exercise, and heat and cold exposure. The steps explain how to assess your starting point, find the amount of stress that is right for you, and adequately recover for growth. The protocols are blueprints that you can personalize based on your needs and preferences. They are designed to be a self-paced approach that empowers you to continually challenge yourself outside your comfort zone through repeat cycles of stress and recovery while honoring your body.

Additionally, I have included delicious recipes that will stress your cells (in a good way!) with plant “toxins” based on a point system that reflects their phytochemical load. You will also find recipe templates that teach you how to make endless variations of meals that will transform your kitchen into a hormetic kitchen. Ultimately, the beauty of hormesis is how powerful, flexible, and simple it is to incorporate into your daily life.

My intent is to give you a different approach to thinking about your health. By shifting your energy toward embracing good stressors rather than resisting bad stressors, I want to provide you with a new set of tools for accessing your natural ability to heal and grow and build your health on a strong foundation of healthier cells.




Part I

Hardwired for Stress

Our Body’s Natural Regenerative Systems

If “too much of a good thing is a bad thing,” a little bad thing can be good.

—Xin Li

The science of good stress isn’t exactly new. Hormesis dates back to the late 1800s in a historic city in northern Germany. Like many scientific discoveries, it was found serendipitously. And because hormesis was counter to the prevailing viewpoint of the time, it was fiercely discredited until years later.

The story of the science of hormesis begins with Hugo Schulz, a bright and promising young professor at the University of Greifswald, who was at the start of his career. By the 1880s, microbiologists had already identified and cultured disease-causing organisms. Schulz became occupied with finding an effective dose or concentration of disinfectant to eliminate these organisms that was safe for human use. He tested nearly a dozen disinfectants on yeast, making a similar observation: at higher doses, they were toxic, but at low doses, they actually enhanced the growth and survival of yeast. This observation was so counter to his education and training in toxicology and pharmacology that Schulz believed this nonlinear response was simply a mistake. As any well-trained scientist would do, he repeated his experiments over and over with a discerning eye. But each time, he got the same result. “First, I did not know how to deal with it,” he reflected, “and in any event at that time still did not realize that I had experimentally proved [a] fundamental law of biology.”

During this time, Schulz attracted the attention of a German physician, Rudolf Arndt. Together, they combined their research into the Arndt-Schulz law, claiming that for every substance, high doses kill while low doses stimulate. There are so many obvious exceptions to this rule—some toxins like cyanide are so poisonous that they can paralyze with the smallest dose—that this speculative, broad-reaching generalization cast doubt on Schulz’s credibility. They then went one step further to claim that all homeopathic drugs worked in this same manner and that they had discovered the principle explaining how homeopathy works.

Let me back up. At the time, homeopathy was a school of thought vehemently in conflict with traditional medicine. Thus, rather than launching him into a prosperous career, Schulz’s unsubstantiated generalization of his law and the association of his observations with homeopathy quickly brought him under attack by his colleagues. His very traditional university distanced itself from him. His once-supportive work environment became hostile and stymied his opportunities for advancement. For nearly a century, the science of good stress was excluded from research funding. Anyone who supported or even was curious about Schulz’s observation was intimidated or defunded by those in power, essentially preventing others from exploring their own experiments to test his model. Some called it the academic equivalent of a death sentence. Instead of a long and influential research career, Schulz spent most of his fifty-year professional life being shunned and ridiculed by his colleagues.

Along with the decline of his career, the extraordinary promise of his discovery became a casualty of the backlash toward the researcher who first observed it. This bizarre historical circumstance is why this fundamental biological principle, that cells can acquire resilience when exposed to a particular dose of challenge, has been overlooked by the mainstream scientific community for more than a century.

DOSE AND RESPONSE

When I was in medical school during the 1990s, we were taught that drugs, vitamins, supplements, and even some environmental exposures each have a threshold dose where they transition from being safe to hazardous. The overarching and widely accepted principle was that the response was linearly proportional to the dose. Germ theory is a good example of this. Ever since the realization that microorganisms like bacteria and viruses are major contributors to infections, both medicine and public health have doubled down on sanitation, hand hygiene, antibiotics, and vaccines, aiming to keep their exposure below the threshold of harm. The thinking has been that if eliminating these bugs is good, then the smaller the exposure, and the more we eradicate them, the better.

All doctors and scientists were educated since the twentieth century in this model, which owes its roots to the aftermath of the Schulz controversy. In the process of discrediting Schulz and with him, homeopathy, traditional medicine proposed this rival model that response is always proportional to dose. As a result, Schulz’s accurate observation that low doses of certain exposures can stimulate a paradoxical benefit was not to be found in any of the leading textbooks. In the case of germs, it was only later that we learned that low exposure to some microorganisms is necessary to train our immune system and develop a diverse gut microbiome.

It’s not that the concept put forth by traditional medicine isn’t correct. It does indeed apply to a wide variety of medications, toxins, pollutants, and environmental exposures. But it shuts out an equally valid concept that originally emerged from Schulz’s research: we not only tolerate but thrive from low doses of some challenges.

This may seem like a small, “inside baseball” distinction. But understanding the differences in your body’s responses is more than a scientific curiosity. It’s a path for closely connecting your health to how your body responds to your environment and choices. In effect, Schulz’s discovery has become the scientific blueprint for how you can biologically build your most powerful innate defenses against disease and aging.

THE REDISCOVERY OF HORMESIS

Nearly half a century later, two forestry researchers from the University of Idaho, Chester Southam and John Ehrlich, were deep in the woods when they stumbled on a peculiar property of toxic red cedar heartwood extract. They tested this extract on certain wood-decaying fungi and were surprised to find that in certain doses, it wasn’t just not lethal but, in fact, stimulating to the fungi’s metabolism. Many fungi even adapted to progressively higher concentrations and overcame its toxicity. They published their findings in 1943, for the first time naming this observation “hormesis” from the Greek “to excite.”

Scientists in other fields were making this same curious observation. Botanists and microbiologists were observing how this concept could improve crop yields. Researchers in agriculture (investigating the growth of germ-free birds fed antibiotics), ionizing radiation, toxicology, and pharmacology were noticing similar patterns. By the 1970s and 1980s, scientists from diverse disciplines were documenting hormetic effects. Some were directly using the term “hormesis,” while others more broadly observed a stimulating response to low doses of various exposures. The biggest leap forward came from the impressive contributions of University of Massachusetts at Amherst physiologist and toxicologist Edward J. Calabrese, who has championed a complete rethinking of the scientific foundation of our risk assessment and environmental and medical regulations based on hormetic principles.

Although Schulz didn’t live to see it, hormesis has come full circle to traditional medicine and public health. Over the past three decades, leading scientists in these fields have revived and are exploring the potential of hormesis to transform health, longevity, and the very depths of our human potential. In the Web of Science database, the term “hormesis” was cited only an average of seventeen times per year in the 1980s. By the 2010s, there were, on average, 7,627 citations. In 2019, that number reached 12,400, and in 2020 rose exponentially to 93,762. Hormesis is now solidly established as an alternate biological model to the one that dominated the twentieth century.

THE SCIENCE OF GOOD STRESS

Hormesis is not a rare occurrence. It is commonplace. It’s not limited to just yeast and fungi; it applies to all forms of life, including animals and humans. First and foremost, it explains how we respond—and can actually benefit—from stress.

Hormesis is the science of how certain stressors—the right kind, at the right intensity, and for the right duration—activate built-in defenses that protect, repair, and regenerate our bodies. This hardwired process is vital to how we, and all living beings, survive and thrive. It is, in fact, so fundamental to our biology that the mechanisms by which it works have been honed for millennia, conserved evolutionarily, and passed down for generations from our hunter-gatherer ancestors. They are inextricably intertwined with our ability to adapt to new environments and expand the limits of our human potential.

Your body has sensors that identify different types of good stress. In response, the sensors send signals throughout the body to reallocate internal resources away from growth and proliferation and, instead, toward protection and repair. Good stressors essentially reprogram your cells by changing the genes you express when your body is in survival or energy-conserving mode. And these changes set you up to emerge stronger and fitter when you recover from the stress.

When you think about stress, what comes to mind is probably the fight-or-flight response. Yet, we have another stress response system that works at the cellular level. Rather than an “alarm system” that prepares us within a split second to deal with an imminent threat by mobilizing our energy, increasing our heart rate, and heightening our awareness, cellular stress responses have a different purpose and operate on a different timescale. They help us survive by adapting to stress. They divert our resources to repair and maintenance processes that make our bodies operate more efficiently. While the brain senses threats and activates the sympathetic nervous system and adrenal glands to release hormones, neurotransmitters, and cytokines as part of our fight-or-flight response, threats are also sensed by molecular sensors that switch on cellular stress response pathways, such as DNA repair, autophagy, and heat shock proteins. In the days to weeks after the stress passes, they rewire our bodies to better handle future stress. You can think of the two levels of our stress systems as stressing fast and slow. The latter is how we can not only get good at stress but also thrive from it.

How the two stress response systems work together may sound seductively simple. And at a big-picture level, it is. Close up, stress responses are more like complex electrical circuits with tens of thousands of wires communicating between and inside your cells and molecules, each rapidly firing like a series of dominoes set into motion by different stressors. To scientists and physicians like me, it’s amazingly cool. And many ongoing studies are working on understanding the master controls, their downstream signals, the myriad connection points, and, ultimately, the benefit of good stress on your health and vitality. Most importantly, we are learning that there are daily habits and choices you can make to stress your body toward health, longevity, and vitality.

The pivotal insight underlying the science of good stress is that your stress responses are not directly proportional to the “dose” of stress in the traditional manner we have come to expect. Instead, your response to good stressors follows the pattern Schulz observed over a century ago. This opens the door to thinking about challenges in an entirely new way. A Goldilocks amount accesses your innate potential for forestalling disease, slowing aging, and optimizing human performance. By repeatedly taking on small challenges, you can counter and increase your resilience to damage in a world where adverse stress abounds.




Chapter 1

The Stress Dilemma

Trends show we are getting fatter, sicker, and more medicated than ever. In 1994, shortly after I started medical school, only two states had an obesity rate greater than 18 percent, and only one state had a rate of diabetes of 6 percent or higher. By 2015, these rates of obesity and diabetes had spread to all fifty states. Paralleling the increase in chronic disease has been a dramatic rise in prescription drugs—a whopping 85 percent between 1997 and 2016. Now, 55 percent of Americans regularly take a prescription medication; those who use prescription drugs take four, on average. Perhaps most alarming are projections about our life expectancy. In a sobering study published in the New England Journal of Medicine nearly two decades ago, the authors forecasted that despite all the technological advances in medical interventions, public health, and overall living conditions, our life expectancy is likely to drop in the early part of this century, for the first time in nearly two hundred years, based on the rise in obesity and its impact on longevity. Our children may face a poorer health fate than us.

The most common explanation for these health trends is that our lives today differ vastly from the lives of our Paleolithic hunter-gatherer ancestors. This is often referred to as “mismatch theory” or an “evolutionary mismatch”—when previously advantageous traits become maladaptive in our rapidly changing environment. This mismatch explains how with the invention of agriculture, food preservation, and technology, we introduced processed foods and a sedentary, socially isolated lifestyle that clashes with our biology. We have surrounded ourselves with limitless fast-food options laden with fat and sugar, we can get virtually anything delivered to our doorstep without needing to move, and we have become constantly vigilant by watching endless streams of headlines and “social” updates. Because these behaviors activate our immune and nervous systems, leading to chronic, smoldering inflammation that is detrimental to our physical well-being and mental health, we can consider them as “bad” or toxic stressors.

Part of the problem is indeed that the rapid pace of our technological advances has ushered in these bad stressors at a rate that far outpaces our ability to adapt genetically. Since the latter part of the nineteenth century, industrial food processing technology has markedly altered the nutritional characteristics of our food, making it more calorie dense, less nutrient dense, and devoid of fiber. We invented mechanized roller mills that produce highly refined grain flour. We developed chromatographic fructose enrichment technology that produces high-fructose corn syrup, which is the added sugar in a startling number of food labels. Mechanized steel expellers have mass-produced refined vegetable oil, which has substantially increased in our American diet. As a result, about 60 percent of the calories on our plates are now from ultra-processed foods. Mechanization has also drastically decreased the need for physical labor. And in the last century, television and screens have displaced social interactions with family and friends.

In addition to these harmful stressors being ever present, they’re also hard to resist because we are programmed to seek them out. Built into our hardwired biology is a reward system for eating energy-dense foods. It developed to entice our ancestors to leave the safety of their caves, forage potentially hazardous terrain, and risk encounters with predators to avoid starvation. When they ate sugar and fat, which they would get only from a few concentrated sugars like seasonal honey and wild-roaming, lean animals, they would experience a surge of dopamine—the same energizing and feel-good neurotransmitter released from gambling, drugs, and sex. In our modern environment of ultra-processed foods high in fat and sugar, we continually activate our reward systems. That is why we find ultra-processed foods so irresistible. They are designed to overwhelm the amount of reward we are genetically adapted to handle.

Another safeguard we developed to buffer the threat of starvation is to conserve energy. This is why we may have a tendency or inclination to sit for long periods of time. Plus, our bodies cleverly adapted to match capacity to demand—by ramping up metabolism, cardiac endurance, and mental acuity with activity and, like an inactive computer screen in power-saving mode, power down metabolically expensive functions during rest. Protecting against staying powered down for hours at a time and days in a row wasn’t necessary—our ancestors didn’t have the luxury of eating Seamless meals while binge-watching the latest Netflix hit. Because of this, there was never strong selection pressure to avoid harm from the extreme physical inactivity that is common in our lives today. In other words, we evolved for a world that isn’t quite so comfy, and our genetic code has yet to catch up with the conveniences of our modern world. Our ancestors also developed an instinct to stay vigilant against predators. In our present-day world of round-the-clock headline-grabbing news, this makes it hard to avoid seeking updates and continually feeling anxious and on high alert.

So yes, our modern environment has in many ways engineered “bad” stressors that make us sick by taxing our ancient survival genes. You can find this mismatch story in lots of health books, and the solution is usually about avoiding or overcoming these bad stressors in some way. Yet I see an additional mismatch in the development of the contemporary world. It’s one that was lost for a time in the siloing of the science of hormesis from medicine but is just as important—possibly even more so—to our health and longevity: it’s the story of how we engineered “good” stress out of our lives.

THE COMFORT CONUNDRUM

If we view our lives in the broader context of evolutionary history, our human story is one of overcoming stress. From the inception of our genus, Homo, approximately 2.4 million years ago, until the agricultural revolution 10,000 years ago, our Paleolithic hunter-gatherer ancestors lived in often harsh and stressful environments. Under the canopy of the sub-Saharan African sky, as the climate became more arid and lush tropical rainforests turned to deforested land, they roamed long distances in the natural world, foraging in search of food. They continually faced climate extremes and an environment that threatened their survival.

As a result, all Paleolithic dietary patterns, which differed greatly depending on the latitude and season, included periods of relative plenty and others of shortage. If they were not hunting, our ancestors would explore their diverse and sometimes toxic plant world for uncultivated edible berries and fruit. By necessity, the Homo sapiens diet of our ancestors included over three thousand plant species. And, as part of the hunter-gatherer way of life, our prehistoric ancestors—men and women, young and old—had to be able to sustain bursts of physical movement to endure intense periods of hunting prey and escaping predators.

Early hunter-gatherers were nomads, moving as nature dictated. They traveled in bands of thirty to fifty and depended on their tribe for survival. In these early communities, evenings brought everyone together around the embers of fire to share stories, learn from each other, think imaginatively, envision their future, and develop ideas that transpired into innovation and “culture”—the very high-order “big picture” thinking that makes us distinctly human. Our late Stone Age ancestors slept in impermanent shelters or, at times, open-air settlements, with their eating synchronized with their sleep-wake cycle, which was dependent on the setting and dawning of the sun to repeat and reinforce a daily pattern that became the natural rhythm of our body.

Over time, our hunter-gatherer ancestors developed adaptive mechanisms to cope with the unique stressors in their environment. Their genes evolved to retain traits well suited for surviving stress. Those whose bodies and brains worked well hunting in the fasted state were likelier to outlive their peers. Those who adapted to eating a broader range of plants without succumbing to their potential toxicity consumed more calories. Nomadic ancestors who could adjust to a wider range of temperatures could migrate farther distances. Those who shouldered pro-social, generative pursuits were valued in their community. The ones who could endure periods of high-intensity running could better capture and avoid predators. And those who challenged themselves to explore beyond the horizon and innovate tools that leveraged strength and subsistence were able to conquer their environment. The obligatory need for episodic fasting, running, consuming sublethal toxins, enduring sweltering and frigid temperatures, doing generative work that benefited their tribe, and exploring and thinking creatively in their daily lives made our ancestors stronger and smarter. Their lives were far from idyllic, yet our prehistoric ancestors didn’t just survive—they became the most successful species to inhabit the Earth.

That all began to change around ten thousand years ago when some independent groups of people in the ancient Middle East, living in the semiarid and humid region of the Fertile Crescent, had this idea of planting seeds in the area’s unusually rich soil. After cultivating wild grains and cereals, the domestication of animals followed—and with that, our ancestors made the shift from foraging to farming, from roaming for subsistence to having a more stable food supply. About two hundred years ago, we made another big shift: the technological advances developed during the Industrial Revolution transformed agrarian societies into ones dominated by industry and machine manufacturing. Along with food processing came food preservation techniques. These techniques, coupled with the advent of refrigeration, made food more widely available at all times, further removing us from the intermittent stress of food scarcity and the diverse range of sublethal plant toxins with which we coevolved. We currently cultivate only approximately 150 of the roughly 30,000 edible plants worldwide, and only about 30 of those plants make their way into a typical modern diet over a whole year.

Infrastructure, transportation, and communication developments, including the automobile, airplane, radio, telephone, and computers, progressively reduced the need for intense intervals of human energy expenditure. They also diminished the importance of family and community, replacing them with the promise of individualism. Furnaces, radiators, and air conditioners added to our modern indoor comforts. Additionally, the Information Age has introduced an unprecedented amount of new bits of incoming information that is changing how we think and problem-solve.

All these advances were intended to make our lives more comfortable—and they have. They have alleviated food shortages, reduced arduous physical labor, and improved efficiency and productivity. Improvements in housing, sanitation, and medical care have lessened the impact of infection and trauma, the chief causes of death from the Paleolithic era until 1909. As a result, average life expectancy is now approximately double that of preagricultural humans. However, the rapid cultural transformation has brought along unintended consequences, creating new survival challenges. These changes have engineered important forms of discomfort out of our lives: periods of food scarcity, intervals of moderately intense activity, diverse sources of plant chemical toxins, climate extremes, deep, creative thinking, and episodic psychologically challenging activities.

The advent of ease over the past ten thousand years has disrupted a critical part of our primordial hardwiring for health—it has silenced genes that enable us to heal and grow. Without the science of good stress in our toolbox, we have overlooked that a deficiency in activating these types of good stress—and their resulting housekeeping and growth effects—is just as destructive to us as is too much “bad” stress. This is not to convey a moral judgment about stress in your life; it’s a way to see that stress can have vastly divergent effects on your health and longevity.

Comfort is a Trojan horse. We have willingly let it into our body’s fortress. And it is fighting our defenses within. We need to win the war. We can’t go back to living in a prehistoric world, but we can learn lessons about our biology and apply them to our modern lives. Lack of good stress is a new risk factor that threatens our health.

NAVIGATING HEALTH IN THE TWENTY-FIRST CENTURY

Using stress to build stress resilience is a paradigm shift in medicine. Unprocessed foods, movement, sleep, and meditative and mindfulness practices effectively prevent and treat disease. But fighting our cravings for sugar and fat and our predisposition toward inactivity and chronic mental stress is also incredibly hard to do. Embracing good stress is a solution to our modern-day dilemma that doesn’t require constantly fighting our instincts. It works with rather than against the biology inherited from our ancestors. If you feel stuck in a pattern of hard-to-break habits, you have choices—powerful, natural ones that are instinctive and remarkably easy to adopt and sustain.




Chapter 2

Cellular Resilience

Getting at the Big Picture by Understanding the Small

To understand how good stress remodels your body and transforms challenges into better health, we need to step into the world of our cells. That’s where we begin to see how our cellular responses to good stress aren’t simply a reaction to adversity but a proactive step toward nurturing our bodies.

In the late 1600s, an English physicist and distinguished microscopist, Robert Hooke, looked down his self-designed microscope at a piece of cork; what he saw was bewildering. The cork appeared to be made of tiny units. He called them “cells” because they resembled cells in a monastery. Over the following two centuries, his glimpse into a previously invisible world rippled through science and medicine and became solidified as the cell theory. This biological tenet, which is so commonplace today that we take it for granted, is that each and every living being is made of cells. All our tissues and organs are made of these basic functional building blocks. In fact, it’s hard to fathom the astounding number of cells we have in our body—a whopping thirty trillion.

Our cells are home to all the biological machinery we need for everything that happens inside our bodies. For example, the cell’s nucleus houses our genetic blueprint or DNA. Cells have power plants called mitochondria, which can convert energy from food to the body’s primary fuel source, adenosine triphosphate (ATP). They have recycling centers, called lysosomes, that can break down and dispose of waste material and salvage reusable parts in a process called autophagy. And they even have manufacturing plants to make proteins called ribosomes.

Although all cells contain the same machinery, they each serve distinct functions within our bodies. Immune cells fight invaders and help us heal wounds. Heart cells maintain circulation. And brain cells help us think and feel. With nearly two hundred different cell types, each specialized to perform a unique function, our cells work together to keep us healthy. Yet, when any aspect of our cells becomes compromised—leading to genes not getting expressed properly, proteins malfunctioning, waste building up, or inefficient energy production—it can lead to disease. While we’ve long recognized inflammation and oxidative damage as disease triggers, modern science is homing in on a critical facet: impaired cellular function. Damaged DNA, protein abnormalities, mitochondrial dysfunction, and autophagy breakdown play a substantial role in this. Common conditions such as heart disease, diabetes, Alzheimer’s dementia, cancer, and even our aging rate can stem from cellular malfunction. As a result, if you want to understand health and disease, you need to understand your marvelous cells. Everything that affects the way your body functions unfolds at the cellular level.

This discovery not only helped us conceive of the human body as an intricate network of cells but has also birthed a game-changing kind of medicine, called regenerative medicine, based on manipulating cells for therapeutic purposes. If heart disease, cancer, Alzheimer’s disease, diabetes, arthritis, and emphysema result from cells not functioning correctly, this type of medicine posits they can all be targets for cell-based therapies. This new approach borders on sounding like science fiction, yet it is already a reality. It harnesses the body’s natural capacity to repair itself, to regenerate lost or damaged cells. For example, T cells are immune cells that are part of your body’s natural defense against cancer. However, certain cancers can hide from T cells. In a type of cell-based therapy called immunotherapy, scientists have learned how to remove cancer-fighting T cells from the body, engineer them to recognize and target cancer cells, and then return them to the body where they home in on cancer cells with the precision of heat-seeking missiles. Stem cells are another part of your body’s natural defense system. They quietly regenerate our organs by multiplying and differentiating into different types of cells and tissues. Stem cells are now being injected in areas where there is disease or damage to reconstruct healthy, new tissue. Scientists are even looking into ways to regenerate entire organs from stem cells as one would construct an object from a 3D printer! The aim of regenerative medicine is to go beyond just treating symptoms to discovering therapies that get at the root cause of disease.

You might be wondering: This is all great, but what does it have to do with me? The exciting news is that we don’t have to rely on advanced technologies such as immunotherapy or stem cell treatments to take advantage of these scientific advancements. Each of us has the power to activate our cells’ regenerative potential using simple, everyday habits. That is precisely what we achieve when we challenge our cells with good stress. Good stressors trigger our cells’ innate capacity to resist, repair, recycle, and recharge: they resist inflammation and oxidative damage, repair DNA and proteins, recycle damaged and old components, and recharge mitochondrial energy production—forming a defense against the common denominators leading to chronic disease and aging. This remarkable regenerative capability resides in our cellular stress responses.

CELLULAR STRESS RESPONSES

You can think of your cellular stress responses as your natural defense against disease and aging, like a personal army protecting you around the clock. Your army is made of seven specialized units that work together:


	DNA damage response detects damaged DNA and temporarily stops cell division to allow time to make repairs.

	Antioxidant response patrols for harmful free radicals and protects cells from oxidative stress by ramping up antioxidant enzymes that neutralize free radicals and detoxification enzymes that disarm and eliminate toxic substances from the body.

	Autophagy response identifies damaged or old parts, breaks them down into basic building blocks like amino acids and fats, and uses them to make new parts or produce energy.

	Inflammatory response ensures that the body responds to a threat with the right level of inflammation and immune activity, which it resolves after the threat passes to prevent unnecessary damage to healthy tissues.

	Heat shock protein response activates a group of proteins that help fix or remove damaged proteins in the cell’s cytosol, or matrix.

	Unfolded protein response maintains the balance of properly folded proteins in a specific part of the cell where many proteins are assembled called the endoplasmic reticulum.

	Sirtuin response involves the actions of a family of enzymes known as sirtuins that protect and repair cells by regulating energy metabolism, enhancing DNA repair, controlling inflammation, and extending cellular lifespan.



Each specialized unit is trained to respond to different threats. Multiple stressors activate each of the response units, and not all specialized troops get activated by each threat.

Our cellular stress responses are encoded in genes that are so essential for fitness and survival they have been conserved for millions of years and across all species. These genes form the ancient defense system that helped our ancestors survive and adapt to new environments, and they are shared by all living things, from simple unicellular organisms like bacteria and yeast to complex multicellular organisms such as plants and animals. They are part of our “vitagenes,” short for “vitality genes”—a powerful gene network that carries the instructions for protecting us when





THE FOUR Rs OF GOOD STRESS: RESIST, REPAIR, RECYCLE, RECHARGE


Resist: Defending Against Damage


Repair: DNA and Protein Maintenance




Recycle: Cellular Housecleaning


Recharge: Maximizing Cellular Energy and Mitochondrial Health



HORMETINS: THE GOOD STRESSORS
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