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Preface






I turned fifty in the process of writing this book, so the subject has a certain salience lacking from my last nutrition book, How Not to Diet, which covered weight loss. There is, however, a clear parallel between the two topics: Both are tainted with the same corrupting influence of commercial interests. The diet1 and anti-aging2 industries are both multibillion-dollar behemoths. With so much money in the mix, the temptation to promote products purporting all sorts of preposterous claims is apparently irresistible.


Even an educated layperson seeking basic, practical advice in either arena, living lighter or longer, is faced with an inscrutable barrage of pills and potions. Even as a physician with the luxury of wading neck deep through the peer-reviewed medical literature, it’s been a challenge to tease out the naked truth from the emperor’s clothing. But that makes the endeavor all the more important. If it took me three years to sift through all the science on aging, I’m afraid the casual observer would have little hope in separating facts from farce. A former president of the Gerontological Society of America wrote that “few subjects … have been more misleading to the uncritical and more profitable to the unscrupulous.”3


The anti-aging field is said to be a “fertile ground for cons, scams and get-rich-quick schemes,”4 with the popular literature on the subject harboring a “huge amount of misinformation.”5 Marketers often target older people with quack remedies for aging.6 Their wares are hawked pervasively on the internet as well as brick-and-mortar “anti-aging” clinics.7 These schemes have been the subject of multiple Senate and congressional inquiries with names like “Swindlers, Hucksters and Snake Oil Salesmen”8 and “Quackery: A $10 Billion Scandal.”9 These days, the anti-aging industry in America may be worth more like $88 billion,10 with the global industry valued at $292 billion.11 This encompasses everything from wrinkle creams to televangelist Pat Robertson offering “Pat’s Age-Defying Protein Pancakes.” Aging may not be good for health, one economics editorial put it, “but it certainly is good for business.”12




BLINDED BY SCIENCE


According to one industry group, 60 percent of Americans sixty-five and older are pursuing anti-aging interventions,13 yet, according to the director of the Institute for Biomedical Aging Research, in almost all instances, these interventions are not supported by science.14 They sound like they are, though. Scientific breakthroughs exploited by the sensationalist press have long been opportunistically repackaged by profiteers.


Nineteenth-century advances in magnetism led to ads asserting, “[t]here need not be a sick person in America … if our Magneto-Conservative Underwear would become a part of the wardrobe of every lady and gentleman, as also of infants and children.” Less comically, more tragically, public interest in Marie Curie’s work led to a range of radioactive products said to “revitalize” and “energize.”15 As one Wall Street Journal headline read, “The Radium Water Worked Fine Until His Jaw Came Off.”16


Today, this so-called scienceploitation is evident in hundreds of rogue “stem cell” clinics concentrated in California and Florida,17 using the language of science to give a veneer of legitimacy to their unproven therapies.18 In their Scientific American feature “No Truth to the Fountain of Youth,” three noted aging researchers concluded that the “public is bombarded by hype and lies.”19


One of those researchers was sued for more than $200 million by the cofounders of the American Academy of Anti-Aging Medicine20 for presenting the organization with a Silver Fleece Award, a mock prize shaming “the most ridiculous, outrageous, scientifically unsupported or exaggerated assertions about intervening in ageing or age-related diseases.”21 The American Academy of Anti-Aging Medicine countered that it “does not promote or endorse any specific treatment nor does it sell or endorse any commercial product.”22 However, looking back at its website, it has displayed a whole catalog of advertisements in its “Find an Anti-Aging Product or Service” directory whose development was apparently “prompted by the numerous inquiries received each day.”23,24


The “gerontological establishment” has been accused of trying to wantonly sabotage upstarts like the American Academy of Anti-Aging Medicine,25 whose cofounder claims to be fighting the “old-line philosophy” that “aging is inevitable, nothing can be done, get used to it, grow old and die.”26 I see merit on both sides of this culture clash, with the field of gerontology (the study of old age) struggling to retain hard-fought gains in public funding for basic aging research versus the more ambitious anti-aging crusaders who appear to more fundamentally question underlying assumptions. “Simply put,” the American Academy of Anti-Aging Medicine’s official response to the criticism read, “the death cult of gerontology desperately labors to sustain an arcane, outmoded stance that aging is natural and inevitable.”27


The anti-aging medicine movement would have more credibility had it been started by those steeped in the research rather than “entrepreneurial businessmen responding to market opportunities,”28 but the backlash against the anti-aging new wave may have pushed the pendulum too far in the other direction. Yes, as noted by the founding editor in chief of Biogerontology, the history of anti-aging research is undoubtedly “replete with fraud, pseudoscience, quackery and charlatanism,”29 but the (admirable!) crusade against any whiff of impropriety seems to have led to a knee-jerk “all hype, no hope” position that belies the genuine scientific advances that have been made in the feasibility of intervening in the aging process.30


I know in some circles today, “science” is a dirty word. After years of COVID craziness, colleagues I once respected for their intellect seemed to have abandoned their critical thinking skills. If you have been similarly sucked down some rabbit hole of cabalistic conspiracies, this may not be the book for you. It is true that the pandemic revealed glaring institutional flaws that even encroached on the scholarly literature. Two of the most prestigious medical journals were forced to retract papers over concerns of data integrity.31,32 But scientific journals remain the gold standard for establishing the best approximation of truth about our shared reality. To paraphrase Winston Churchill’s quote about democracy as a form of governance, the peer-reviewed medical literature is the worst way to establish facts about our health—except for all the others.







SHOWING MY WORK


An editor in chief of a leading gerontology journal claims that most anti-aging scientists “widely known to the public are unscrupulous purveyors of useless nostrums.”33 It is easy to be swayed by charismatic gurus, but when it comes to something as life-and-death important as the health and well-being of ourselves and our families, we should rely not on anecdote but on evidence. That’s why I cite everything to the teeth. How Not to Die had about 2,000 citations. How Not to Diet, 5,000. This book ended up with more than 13,000, which turned out to be a problem.


I promised the publisher a book with no more than about 600 pages, but when all was said and done, my manuscript was closer to 2,150 pages. Yikes. I didn’t want to lose any content, so my first stab at trimming was to put the 995 pages of citations online. here, there’s a web address (see.nf/citations) and QR code for the full list of searchable citations referenced throughout this book.


Over the last three years, my team and I read more than 20,000 papers on aging so you don’t have to—but you’re certainly welcome to! The advantage of presenting the citations online is that it allows me to hyperlink each one to take you directly to the source. That way, you can download the PDFs and access the original research yourself.


Nevertheless, that still left me with a manuscript with a quadruple-digit page count. I needed to figure out how to essentially halve the book to meet the publisher’s printing specifications. The problem is there wasn’t any chaff to chop. Too many popular physician authors recycle rehashed content from their prior works to cash in on another publication. I try to do the opposite, featuring all-new material, which is why, throughout the text, I refer you to sections in my previous books where I covered relevant concepts. (Search worldcat.org to find print copies, e-books, or audiobooks of all my works at your local public library.) So, the only way I could think of to meet the target page count was to turn How Not to Age into a full audiovisual experience.


You’ll see I’ve sprinkled video links throughout the book. My team and I produced hundreds of bite-sized videos, each about five minutes long, to cover the hundreds of thousands of words of additional information I had to cut from this manuscript. Don’t worry, all the actionable takeaways are self-contained within this text. I just never want anyone to take my word for anything. I always strive to justify exactly how I arrive at each recommendation. Unfortunately, space limitations didn’t always allow me to do that in this book, so even though I still relay the bottom-line conclusions, you may want to follow the links to take a deeper dive into the supporting evidence.







AGING IS THE ACTUAL LEADING CAUSE


There may be no such thing as dying from old age. From a study of more than 42,000 consecutive autopsies, centenarians—those who lived at least to one hundred—were found to have succumbed to diseases in 100 percent of the cases examined. Though most were perceived, even by their physicians, to have been healthy just prior to death, not one “died of old age.” They died from disease, most commonly heart attacks.34 Similar results were found from other autopsy series of centenarians35 and those over eighty-five, an age bracket referred to in the medical literature as the “oldest old.”36,37,38


If aging kills via diseases,39 why wasn’t my How Not to Die the only longevity book anyone needs? In it, I ran through what we can do to prevent, arrest, and reverse each of our fifteen leading causes of death, starting with heart disease, not only the number one killer of centenarians but of people in general.40 In the United States, heart disease has been the leading cause of death every year since 1900, with the exception of 1918 when pandemic flu ruled the roost.41 (In contrast, as I detail in How to Survive a Pandemic, COVID only made it to number three.42) Heart disease has been the leading cause of death and disability around the world for most of this century43 and is projected to remain that way in the decades to come.44 But is it really?


Because old age is the greatest risk factor for most of our killer diseases,45 one could argue that the leading cause of death is actually aging.46 The rate of death increases exponentially for age-related diseases, such as heart disease, cancer, stroke, and dementia.47 So, yes, in the same age bracket, having high cholesterol can increase your risk of heart disease as much as twentyfold,48 but an eighty-year-old may have five hundred times the risk of having a heart attack49 compared to someone in their twenties.50 Eating a plant-based diet may reduce the risk of dementia as much as threefold,51 but the difference in dementia rates between those older than eighty-five compared to younger than sixty-five is three hundredfold.52 The reason we focus on things like cholesterol is that it is a modifiable risk factor, but what if the rate of aging was modifiable, too?


Instead of our current, piecemeal approach of focusing on individual degenerative diseases, what about slowing down the aging process itself? I remember as a nerdy kid I wanted to cure cancer when I grew up. Even if all forms of cancer were eliminated, the average life expectancy in the United States would only go up about three years.53 Why? Because dodging cancer would just mean delaying death from something like a heart attack or stroke. If one age-related ailment doesn’t get us, another will. Rather than playing “whack-a-mole” by tackling each disease separately, progress in decelerating aging could address all these issues simultaneously.54


Imagine if there was an intervention that didn’t just reduce your risk of the leading killers but also arthritis, dementia, osteoporosis, Parkinson’s disease, and sensory impairments. Because such risks tend to double every seven years, even just slowing aging, such that the average sixty-five-year-old, for example, would have the health profile and disease risk of today’s fifty-eight-year-old, would be expected to cut in half everyone’s risk of death, frailty, and disability.55


This is why I wrote How Not to Age.




Is Aging Itself a Disease?


For decades, one of the most contested questions in gerontology has been whether or not aging itself should be considered a disease.56 Aging is natural, yes, but so is getting an infection and we call that a disease. Aging is universal. Yes, but everybody gets the common cold, too.57 If you’re interested, I dive deeper into the discussion in my video see.nf/agingdisease. What does it matter what we call it? A rose by any other name wilts just as fast. The hope is that disease classification would lead to greater resource allocation for aging research, just as the recent declaration of obesity as a disease did for obesity research.58


You’d think Big Pharma would invest in what would certainly be a blockbuster drug. But why spend the money on research when it can be spent on marketing all the unproven anti-aging products they already sell? Many of the leading lines of dietary supplements are owned by drug companies.59,60 They’re the ones selling “cosmeceuticals”61 and “age reverse” skin creams.62 Drug maker Sanofi even partnered with Coca-Cola to come up with a “beauty drink.”63 They’re already making money hand over fist preying on the public’s gullibility and desperation for anti-aging products.64 Why waste money on proving anything actually works?










ALIVE AND WELL


When asked, How long do you wish to live? and offered the choice of 85, 120, or 150 years, or indefinitely, about two-thirds said they’d prefer to live to be eighty-five. But, when the question was reframed as How long do you wish to live in guaranteed mental and physical health?, the most popular answer switched to an unlimited lifespan.65 It’s not just how long we live, but how well, embodied in the Greek myth of Tithonus, to whom Zeus granted eternal life, but not eternal youth, so he shriveled with age and began to babble continuously (before eventually transforming into a cicada).66


Longevity is indeed a Pyrrhic victory if those additional years are characterized by inexorable decline.67 Only about 18 percent of people can be described as undergoing “successful aging.”68 Studies have found the prevalence of multimorbidity, the coexistence of multiple chronic diseases, ranges between 55 percent and 98 percent among older individuals.69 By age eighty-five, more than 90 percent may have at least one disease and, on average, about four diseases.70 And just like 85 percent of cancer patients tend to overestimate their survival,71 so, too, do those with other chronic diseases. Those suffering from heart failure or chronic obstructive lung diseases like emphysema are about three times more likely to die within the subsequent year than they predicted. Ninety-six percent of outpatient dialysis patients thought the odds were in their favor that they’d be alive five years later, but nearly half were dead in fewer than two years.72


This raises the concept of healthspan, the period of life spent in good health, free from chronic disease and disability.73 No wonder people are skeptical about longevity interventions as we see our lifespans expand but our healthspans contract. “Everyone wants to live forever,” to paraphrase Jonathan Swift, “but no one wants to grow old.”


In the United States, for example, we’re living longer in sickness, not in health. A twenty-year-old in 1998 could expect to live about fifty-eight more years, while a twenty-year-old in 2006 could look forward to fifty-nine more years. However, the twenty-year-old from the 1990s might live ten of those years with chronic disease, whereas now it’s more like thirteen years. So it feels like one step forward, three steps back. The researchers also noted that we’re living two fewer functional years—that is, years we’re no longer able to perform basic life activities, such as walking a quarter of a mile, standing or sitting for two hours without having to lie down, or standing without special equipment.74 In other words, we’re living longer, but we’re living sicker.


That is why this book addresses both lifespan and healthspan. What’s the point of living longer if you can’t enjoy it vibrantly? It is my sincere hope this book adds not just years to your life but life to your years.















Introduction






My earlier book, How Not to Die, was not about living forever. It was not How to Not Die. Instead, it was how not to die prematurely, in pain after a long, chronic, disabling illness. The good news I shared is that we have tremendous power over our health destiny, in that the vast majority of premature death and disability is preventable with a healthy enough diet and lifestyle. How Not to Age has a similar premise. This book is not about immortality but rather how to age with grace and vitality rather than suffering from the ravages of infirmity and decrepitude. But why can’t we stop aging and go on forever?





“MAN WILL NEVER BE CONTENTED UNTIL HE CONQUERS DEATH.” —BERNARD STREHLER



From the Epic of Gilgamesh more than 4,000 years ago75 to the recent quincentennial of Ponce de León’s pursuit for the fountain of youth, humankind has yearned for the mythical elixir of life that would remedy the scourges of aging.76 And why not? It’s not like aging is some immutable constant in nature. Evolution has produced lifespans in animals that vary more than a millionfold, from mayflies whose adult lives may last only a few minutes to clams clocking in at over five hundred years.77 Just like the Wright brothers may have taken inspiration from birds, we can take inspiration from animals that age slowly, if at all.78


Why can’t we live forever? Some animals do, and I’m not talking about a two-hundred-year-old whale or even a thousand-year-old tree. There are actually species (with names like the immortal jellyfish) who apparently do not age and could technically go on forever.79 In a sense, humans are immortal, in that a few of our cells live on—the sperm or egg cells lucky enough to find each other. Each of our kids grows out of one of our cells, and that alone—I mean, the fact that a single cell can grow into a person—should make, in comparison, the notion of keeping our body going indefinitely seem biologically trivial. One little fertilized microscopic blob can turn into perhaps the most complex object in the known universe, the human brain, with its 100,000 miles80 of 86 billion neurons81 making 150 trillion connections.82 If that’s possible in biology, then what isn’t?


Still, there is much skepticism in the scientific community, where many believe aging is an irreversible process.83 “Anti-aging” is compared to “anti-gravity.”84 Vocal critics in the gerontology community have accused those suggesting the possibility of greatly extended human lifespans as being “contemptible … for duping the public” and claim that “anything past 130 [years of age] is ridiculous.”85 Such doubts are reliably countered by proponents who quote preeminent scientists of yore making similarly absolutist claims that did not age well.86 Nobel Prize–winning physicists spoke of the prospect of nuclear power as “talking moonshine,” a “completely unscientific Utopian dream, a childish bug-a-boo.”87 Lord Kelvin, considered one of the greatest scientists of his time, notoriously asserted, “Heavier-than-air flying machines are impossible,”88 doubling down on their impracticality in 1902, just one year before the first flight at Kitty Hawk.89


Already in the laboratory, genetic mutations can affect a tenfold increase in lifespan, at least in a species of tiny worm.90 In mice, dietary and genetic manipulation yields more like a 70 percent increase.91 Single tweaks, such as methionine restriction, incorporated into one of my Anti-Aging Eight (see here), can extend the average and maximum lifespans of rats by about 40 percent,92 which could translate to boosting human lifespan to an average of about 110, with the rare “centenarian” hitting 140 years of age.93 These results have yet to be replicated in people, but if we discovered interventions not only to slow aging but to actively repair the accumulated damage, the sky could be the limit.


Starry-eyed scientists in the field imagine that time could be effectively melted away, like that surrealist painting of drooping clocks,94 a “rejuvenation of your body leading ultimately to an endless summer of literally perpetual youth.”95 A “longevity escape velocity” is envisaged in which we would just have to live long enough for innovations to add more time than is passing, the tipping point at which each year we can add at least one extra year of life expectancy.96 This could theoretically enable humanity to have an essentially unlimited lifespan. Imagine dying the year before the critical juncture! I remain agnostic as to whether such a breakthrough is possible, but I hope this book will help regardless, whether you’re striving to live long enough to live forever97 or just trying to die young as old as possible.








FOUR BOOKS IN ONE



When I sat down to write (or rather stood up and started walking, typing at my treadmill desk), I needed to make a decision. What should I focus on? The more superficial signs of aging that everybody wants to know about, like wrinkles and graying hair, or the clinical aspects, like declining cognition? Or should I address how we might slow the aging process itself? I decided, as you can probably guess by the heft if you’re reading a printed copy old-school style, all of the above.


My inspiration for writing How Not to Age was a consensus document titled “Interventions to Slow Aging in Humans” that was compiled by the top researchers in anti-aging medicine, the likes of Drs. Fontana, Longo, Sinclair, and dozens of others—nearly everyone who’s anyone in the field. Brought together to identify the most promising strategies for developing drugs to combat aging, they identified a list of “essential pathways,” for example, the pharmacological inhibition of the hormone IGF-1 or drugs to block the enzyme mTOR. As I looked through the list, I realized: Every single one of these pathways could be regulated through diet. That became the opening section of this book.







PART I: SLOWING ELEVEN PATHWAYS OF AGING


The science of aging has been called “the most dynamic and provocative in modern biology.”98 An attempt to classify the theories of aging published more than thirty years ago identified more than three hundred such theories, and the number has only grown since then.99 In Part I, I identify the eleven most promising pathways for slowing the sands of time, ending each with practical proposals for targeting them naturally with diet and lifestyle changes. Part I is the nerdy section, and it contains critical concepts and terms that will be used throughout the book.







PART II: THE OPTIMAL ANTI-AGING REGIMEN


The odds of living to age one hundred have risen from approximately one in twenty million to as high as one in fifty.100 Why do some make it to their hundredth birthday but others don’t? It’s not just a matter of picking better parents. Studies following identical twins suggest that no more than 20 to 30 percent of the variance in lifespan is explained by gene inheritance.101 The media loves stories about hard-living centenarians who attribute their longevity to some combination of lard, vodka, and their favorite brand of cigarette, but how do centenarians and supercentenarians (those older than 110) really eat and live?


In Part II, I delve deep into the behaviors that those in the five longevity hot spot “blue zones” around the world share in common. In constructing the optimal anti-aging regimen, I explore the best and worst foods and beverages. Is red wine deserving of its symbolic status for longevity? What about coffee? I cover the “longevity vitamin” ergothioneine, the vegetarian’s Achilles’ heel, and the best exercise and sleep routine for the longest, healthiest life.







PART III: PRESERVING FUNCTION


Then, in Part III, I get to the nitty-gritty. What can you do to preserve your bones, bowels, and circulation? Your hair, hearing, and hormone balance? Your immune function and joint health? Your mind and your muscles? Your sex life and skin? Your teeth, your vision, and, finally, your dignity in death? There are chapters on each. Sneak peeks can be had at see.nf/trailer.







PART IV: DR. GREGER’S ANTI-AGING EIGHT


My Anti-Aging Eight is the final section of the book, an actionable checklist to complement the Daily Dozen I established in my earlier book How Not to Die. In addition to the wealth of recommendations throughout How Not to Age, this last part highlights specific foods, supplements, or behaviors that have the potential to offer some of the best opportunities to slow aging or improve longevity. My aim is to cover every possible angle for developing the optimal diet and lifestyle for the longest, healthiest lifespan based on the best available balance of evidence.















I. Slowing Eleven Pathways of Aging








INTRODUCTION


It has long been said that the best hope for a long life is to choose your parents wisely.102 Doesn’t longevity just run in the family? Siblings of centenarians, people who live to be at least one hundred, are certainly more likely to become centenarians themselves, and their parents are more likely to have lived to be at least ninety.103 On the other hand, the lifespans of spouses sometimes correlate as much as—or even more than—those of genetic relatives.104 Your partner may have as much of an impact as your parent. After all, we don’t only pass down genes. Perhaps Grandma’s healthy recipes or even a lifelong love of running runs in the family, too.




HOW IMPORTANT ARE YOUR GENES?


To tease out the role of genetics, researchers often turn to twin studies, comparing differences between identical twins and fraternal twins.105 Check out see.nf/genes to understand exactly how this ingenious method works to estimate heritability and what this and other methods have found. In short, only about 15 to 30 percent106 or less107 of our lifespan appears determined by our genes, which means how we live our lives may determine the bulk of our destiny.


To leverage the lifespan leeway we have beyond the relatively small genetic component, we must first understand the various aging pathways. The term “anti-aging” has been much abused in popular culture, attached to all manner of unproven products and procedures. The term should probably be reserved for things that can delay or reverse aging through the targeting of one or more of the established aging mechanisms.108 In a landmark paper cited more than 7,000 times in the biomedical literature,109 “The Hallmarks of Aging” identified nine common denominators of the aging process. I expound on them in see.nf/genes and address each one in this book.




There’s a Fly in My Aging Research!


There are numerous ways to try to unlock the mysteries of aging. You could study long-lived individuals like centenarians and supercentenarians (people who reached the age of 110), for instance, or particularly long-lived smokers to uncover the secrets to their resilience.110 Or, you could strike out in the opposite direction and study short-lived people, investigating tragic accelerated aging syndromes like progeria, where children age at eight to ten times the normal rate,111 wrinkling, balding, and then typically dying around age thirteen of a heart attack or stroke.112 Or, you could study long-lived animals. There’s a clam called the ocean quahog, whose heart can beat more than a billion times over its five-century lifespan.113


In my video see.nf/models, I talk about both the opportunities and difficulties of extrapolating from the “model organisms” used in aging research, such as yeast, worms, flies, and mice,114 as well as citizen science initiatives in which family dogs are enrolled in noninvasive studies to investigate why some “Methuselah dogs” reach ages of twenty-five or more, but 99.9 percent of other dogs do not.115 Aged pooches suffer many of the same ravages of aging that we do, such as arthritis, cancer, cataracts, kidney problems, and muscle loss.116 Advances made in canine longevity might not only be applicable to human aging but have the intrinsic value of enhancing the quality and quantity of life for the more than seventy million canine companions with whom we share our homes in the United States alone.117













AMPK


In my book on everything evidence-based in weight loss, How Not to Diet, there is a section titled Amping AMPK. AMPK (AMP-activated protein kinase) is an enzyme that acts as a sensor for plants and animals, similar to a fuel gauge in a car. It revs up when it detects a depletion of the universal fuel, just as a light may blink on your dashboard when you’re almost out of gas. AMPK flips the switch in your body from storing fat to burning it to restore energy balance. That’s why AMPK is known not only as the master energy sensor118 in our body but also the fat controller.119 That’s why it played a starring role in How Not to Diet. But it doesn’t affect only weight control. It can also control aging.120


In times of plenty, our cells can plow full steam ahead. However, when times are lean—when there isn’t enough food for an animal or enough light for a plant (darkness is essentially plant starvation)121—AMPK kicks in to reorient the cell into conservation mode and start tapping into energy stores, like burning off body fat. Our cells can also institute a recycling program called autophagy.


Autophagy is a housekeeping process by which defective cellular components, such as misfolded proteins that had been allowed to build up wastefully in times of surplus, are broken down and scrapped for spare parts. As I discuss in detail in the Autophagy chapter, autophagy doubles as both salvage operation and garbage disposal unit, scavenging raw materials in scarce supply while clearing away some of the built-up damaged debris that is implicated in the aging process. This is one of the reasons AMPK is increasingly recognized as a pro-longevity factor.122 AMPK induces autophagy, which cleans house, sweeps away accumulated waste, and effectively institutes a sort of cellular reset.123


There are three main ways longevity researchers establish an aging pathway: Does the factor worsen with age? If you amplify it, does it accelerate aging? And, if you dampen it, does it slow aging and thereby extend lifespan?124 The loss of AMPK activity as we age fits all three criteria. As we grow older, AMPK levels drop and it gets harder to activate, harder to flip the switch to recharge our batteries.125 When this decline is exacerbated, aging is hastened (at least in mice),126 but when this process is reversed and AMPK activation is boosted, lifespan is extended in model organisms127—by as much as 38 percent in C. elegans,128 a roundworm I profile in see.nf/models.


Up and down the evolutionary tree of life, the most reliable way to extend lifespan may be long-term food restriction.129 AMPK activation is thought to be one of the mechanisms for this longevity boost. What was remarkable about the AMPK-boosting experiments, though, is that the animals’ lives were extended even though they were allowed to eat as much as they wanted.130 AMPK activators can effectively fool the body into thinking it is starving, switching it into protective housecleaning mode without causing any pangs of deprivation. In this way, AMPK activators can be considered dietary restriction mimetics, or imitators. That’s why AMPK is considered a “druggable” target for longevity, with pharmaceutical companies producing a variety of AMPK activators.131





EXERCISE IN A PILL



Is there a way we can naturally boost AMPK activation to slow aging without starving ourselves? Since AMPK is activated by a fuel shortage, if we don’t want to limit the amount of energy going in through our mouths, then we have to ramp up the amount of energy going out through our muscles. If you put people on bikes and take muscle biopsies while they cycle, a near tripling of AMPK activity can be detected within twenty minutes.132 That’s one way exercise can result in weight loss.


AMPK activation also leads to mitochondrial biogenesis, the formation of extra mitochondria, the power plants where fat is burned.133 So, AMPK doesn’t just shovel more fat into the furnace—it also builds more furnaces to burn that fat. This helps explain why endurance training enables us to run faster and farther over time. So, might an AMPK activator be “exercise in a pill”? Indeed, when sedentary mice were given an AMPK-activator drug for a month, it boosted their running endurance by 44 percent.134 After one such drug was discovered at the famed Tour de France,135 AMPK activators were banned by the World Anti-Doping Agency.136


So, are we talking about not only fasting in a pill but an exercise mimetic, too? A way to trick our body into thinking it’s starving without suffering from hunger, while also amping up our physical prowess? Obese individuals are often “unwilling to perform even a minimum of physical activity,” wrote a group of pharmacologists, “thus, indicating that drugs mimicking endurance exercise are highly desirable.”137 The “mass appeal” of such a pill may tempt Big Pharma to “view physical inactivity as a market to be medicalized for profit,”138 but that pales in comparison to the universal market for an anti-aging remedy.







POWER PLANT MAINTENANCE


In his book On Youth and Old Age, the Greek philosopher Aristotle described death as the loss of inner heat.139 Well, the progressive loss of function of the estimated ten million billion mitochondria spread throughout our body140 is considered a core tenet of the biology of aging,141 one of the nine established hallmarks.142 Mitochondrial dysfunction isn’t just a consequence of aging, though, but also one of its causes. Dysfunctional mitochondria are thought to actively contribute to the aging process,143 an insight illustrated by a pioneering experiment published in the early 1990s.144


If you inject mitochondria from a young rat into a human cell, nothing happens. The cell doesn’t appear to notice. Each human skin cell averages about three hundred mitochondria, and adding ten to fifteen extra mitochondria from a rat pup doesn’t appear to have any effect. But if you add the same number of mitochondria from an old rat—a centenarian in human years145—the human cells start to show signs of degeneration within just a few days.146 Even just having a few percent of those old mitochondria was enough to drive the human cells to an early grave. So, age-impaired mitochondria don’t just become less efficient—they may become actively harmful. That’s where AMPK comes in.


With age, our mitochondrial function declines,147 but building new cellular power plants, expanding existing ones, and decommissioning old ones (so-called mitophagy) are ways in which AMPK could promote survival.148 AMPK is said to serve as a “mitochondrial guardian” and in that role may help protect against the ravages of age-related disease.149


If an AMPK-activating drug really could help us reap the fat-burning and health-promoting benefits of fasting and exercise without the hunger and sweat, one could imagine how it would become one of the best-selling drugs on the planet.


And it is.







METFORMIN


Sold originally as Glucophage (meaning “sugar eater”), metformin is now prescribed more than eighty-five million times a year in the United States alone.150 Despite all the strides in biotechnology, Big Pharma has yet to come up with a safer, more effective, first-line treatment for type 2 diabetes than an AMPK-boosting drug that retails at pennies per pill.151 In see.nf/metformin, I talk about its interesting origin story and all the other upsides, including the mind-blowing revelation that diabetics placed on metformin may live longer lives than those who never got diabetes in the first place.152 From a longevity standpoint, it’s as if their diabetes diagnoses were beneficial, because they then had access to this lifespan-enhancing drug. If metformin is so powerful as to more than offset such a dreaded diagnosis as diabetes, should everyone be taking it?


In see.nf/metformindownsides, I cover its common but mild symptoms and the rare but potentially fatal one.153 Another adverse consequence of metformin is less side effect than main effect. The way metformin boosts AMPK is by impairing our body’s ability to produce energy by acting as a mild mitochondrial poison, so, not surprisingly, it may undercut physical fitness achievements from exercise, including aerobic capacity154 and muscle gains.155


The only way to determine if metformin’s benefits outweigh its risks for expanding the healthspan and lifespan of nondiabetics is to put it to the test. Enter the upcoming TAME trial, Targeting Aging with Metformin, which I profile in see.nf/tame. The bottom line is that there may be reason to temper our expectations. Though it can increase the average lifespan of certain mice by 5 percent, at a higher dose, metformin actually shortens lifespan.156 Further reservations about its panacean prospects arise from the landmark Diabetes Prevention Program study in which the drug only appeared to benefit those at highest risk.157 One small study even found that despite metformin alleviating the insulin resistance of diabetics, the drug actually made things worse for nondiabetic obese individuals without the family history of diabetes.158 So, healthier individuals may not reap the benefits of metformin that we try to extrapolate from longevity studies on diabetics.







FOODS THAT MAY IMPAIR AMPK


There’s a type of saturated fat called palmitic acid that suppresses AMPK.159 Although originally discovered in palm oil, palmitic acid is most concentrated in meat and dairy fat.160 Of all saturated fats, palmitic acid appears particularly pathogenic when it comes to metabolic disease, cardiovascular disease, cancer, neurodegenerative diseases, and inflammation,161 which is at least partly attributable to AMPK inhibition. This may be why saturated fat can be so toxic to the liver.162




SATURATING YOUR LIVER


Nonalcoholic fatty liver disease has become the leading cause of chronic liver disease in the world.163 Studies now estimate seventy-five to one hundred million people in the United States already have it—about one in three American adults.164 The overaccumulation of fat in the liver is caused by the overconsumption of calories,165 but not all calories are equally liver-fattening. Excess sugar is often framed as the main culprit, but saturated fat is even worse. See my video see.nf/liver for details, but basically, overfeeding sugary foods, like candy and soda, can increase liver fat by 33 percent, whereas overfeeding the same amount of saturated fat (butter and cheese) increased liver fat by 55 percent.166 Overfeeding unsaturated fats, like pecans and olive oil, only caused a 15 percent increase in liver fat,167 presumably because unsaturated fats don’t impair AMPK as potently as do saturated fats.168


What makes saturated fat particularly insidious is that it can increase liver fat even without enforced overeating. Excess sugar calories can foie gras your liver with fat, but even if you have people swap twenty-five spoonsful of sugar in the form of candy and soda into their diets each day, liver fat remains unchanged as long as they keep overall calorie intake steady. But, if you do that with a fraction of the amount of saturated fat in the form of meat and dairy, even without being made to overeat, study subjects marbled their livers with 39 percent more fat within four weeks.169











FOODS THAT MAY BOOST AMPK



We know of more than a hundred plant products that can activate AMPK,170 but many of them are toxic, to defend against noshing nibblers. Take nicotine, for example. Fat biopsies show that, compared to nonsmokers, those who light up have more than five times the AMPK activation.171 Unsurprisingly, smokers often gain weight when they quit,172 and nicotine gum can blunt that phenomenon.173 Although smoking cigarettes may be one of the worst things you can do to yourself, it’s one of the most reliable ways to lose weight, thanks to AMPK.174 Is there any way to get the AMPK-boosting benefits without the risks of dying a gruesome death from lung cancer?




BARBERRIES


Because AMPK activation leads to weight loss, I cover a number of natural AMPK activators in my book on the subject, including berberine, found in barberries. Rather than reiterate it here, allow me to refer you to the Raising the Barberries section of my Amping AMPK chapter in How Not to Diet.


In short, barberries, which can be found inexpensively priced at Middle Eastern groceries in dried form, have been shown to successfully lower LDL cholesterol levels an average of fourteen points (mg/dL),175 as well as improve acne,176 artery function,177 triglycerides, blood sugars, and insulin resistance.178 One could achieve the dose of berberine used widely in China for diabetes management,179 which is presumably AMPK-enhancing, by eating as few as two teaspoons of barberries three times a day or a single tablespoon twice a day.180 Eating the whole food is preferable, especially since an analysis of berberine supplements on the market found that 60 percent failed to match what was claimed on their labels.181


A word of caution: Barberries are classified as unsafe to eat during pregnancy and are not recommended for consumption while breastfeeding.182 The reason so many different plants produce compounds that activate AMPK may be for self-preservation; they may be trying to fend off herbivores by producing compounds that impair animal metabolism. These functions can be harnessed for our benefit but could potentially be harmful for developing fetuses and infants. Cyanide is another AMPK activator and can kill by completely blocking energy production, whereas compounds like berberine and metformin are thought to just impair our mitochondrial function, making energy production less efficient.183







BLACK CUMIN


Black cumin is another plant traditionally used in Middle Eastern cuisines that can boost AMPK.184 Please see the Black Cumin section in my Appetite Suppression chapter in How Not to Diet. In summary, from the more than one thousand papers published in the medical literature about the spice, daily black cumin consumption has been found in systematic reviews and meta-analyses of randomized controlled trials to significantly improve weight loss,185 cholesterol, triglycerides,186 blood pressure,187 and blood sugar control.188 Typical doses used in studies are just 1 or 2 g of black cumin a day, which is about a quarter teaspoon.189 Using such small amounts allows researchers to conduct randomized, double-blind, placebo-controlled trials by putting the whole-food spice into capsules rather than extracting out just a few components.


The spice also lowers markers of inflammation, such as C-reactive protein,190 and has favorable effects on inflammatory conditions, such as asthma,191 rheumatoid arthritis,192 and a common cause of hypothyroidism called Hashimoto’s thyroiditis.193 Black cumin also appears to help get rid of kidney stones194 and help with the symptoms of menopause.195 The dose used in most of these studies would cost about three cents a day.







HIBISCUS AND LEMON VERBENA TEA


Another AMPK-boosting zinger is hibiscus,196 which delivers the tart cranberry-like flavor and bright red color of Red Zinger tea. Also known as roselle or jamaica, hibiscus tea has been enjoyed around the world for millennia as both a delicious hot or cold drink and an ancient medicinal remedy.197 In How Not to Die, I covered its blood pressure benefits, working as well as,198 or even beating out, some antihypertensive medications in head-to-head clinical trials.199 In How Not to Diet, in the Flower Power section of my Fat Blockers chapter, I describe its role in AMPK activation200 and in improving blood sugars, LDL cholesterol,201 artery function,202 and weight loss,203 with or without another herbal tea, lemon verbena. See here for my note about tooth enamel and sour beverages, though.







VINEGAR


Hibiscus204 and black cumin205 bump up AMPK the same way barberry’s berberine and metformin do—by interfering with cellular energy production. Can we activate AMPK without mucking with our mitochondria?


Alcohol is yet another plant product that activates AMPK, but it does so by a totally different mechanism. Our body detoxifies alcohol into acetic acid but has to use energy to then metabolize it.206 So AMPK is activated naturally in response to this fuel expenditure.207 Before alcohol gets fully converted into acetic acid, though, there is a toxic intermediate called acetaldehyde, which is a known carcinogen. That may be why alcohol consumption has been found to increase the risks of at least half a dozen cancers,208 including breast cancer, even among light drinkers.209 Is there any way to skip over the toxic step and take in acetic acid directly?


Upon reviewing AMPK’s role in burning off excess body fat, a researcher determined that “it is crucial that oral compounds with high bioavailability are developed to safely induce chronic AMPK activation … [for] long-term weight loss and maintenance.”210 Why develop such a compound when you can already buy it at any grocery store? It’s called vinegar.


Acetic derives from the Latin word acetum, meaning “vinegar.” By definition, vinegar is merely a dilute solution of acetic acid in water.211 When we consume vinegar, the acetic acid is absorbed and metabolized, giving us a natural boost in AMPK at the dose you might typically get dressing a salad.212


In the Take an Acid Trip section of my Amping AMPK chapter in How Not to Diet, I cover how vinegar can diminish both visceral and superficial body fat213 and reduce blood sugars in diabetics on par with antidiabetic drugs214 by improving the uptake of blood sugar by our muscles.215 That’s an AMPK effect also seen with exercise.216 Surprisingly, vinegar plus metformin worked better to control blood sugars than metformin alone, suggesting either additive benefits to further AMPK stimulation (the metformin dose was relatively low) or vinegar benefits above and beyond AMPK.217


Vinegar has also been shown to improve artery function218 and to have other AMPK-activation benefits, such as decreasing blood cholesterol and triglyceride levels.219 Can it make you live longer? In C. elegans, vinegar has a “prominent lifespan-extending effect,”220 but it’s never been tested in people. The Harvard Nurses’ Health Study did find that women who consumed at least one tablespoon of oil and vinegar salad dressing five or more days a week had fewer than half the fatal heart attacks compared to women who hardly ever used the dressing. Even after taking the extra vegetable intake into account, they found a 54 percent lower risk of dying from the number one killer of women.221







FIBER-RICH FOODS


Don’t like the taste of vinegar? Instead of delivering acetic acid through your mouth, you can also supply it to your bloodstream from the opposite direction. You know how vegetables and grains turn sour when they’re fermented? Think sauerkraut or sourdough. That’s because there are good bacteria like Lactobacillus that produce organic acids like lactic acid. Acetic acid is a type of short-chain fatty acid made by the friendly flora in our gut from the fiber and resistant starch we eat. These prebiotics are concentrated in legumes (beans, split peas, chickpeas, and lentils) and whole grains, but fiber can be found throughout the plant kingdom. When we eat whole plant foods, our gut flora can make acetic acid from scratch inside our colons by fermenting fiber. Then, that acetic acid can get reabsorbed back into our bloodstreams. So, we can use the top-down approach to activate AMPK by consuming vinegar or the bottom-up approach by eating fiber.222


How much fiber are we talking about? Even eating just the measly minimum recommended intake of fiber of about 30 g a day can result in the production of more than four tablespoons’ worth of vinegar in our colon.223,224 Some inevitably get flushed, so only about 40 percent of the acetic acid produced in the colon gets absorbed,225 but if we eat enough healthful foods, it could potentially have a substantial impact on our AMPK status. The sparking of AMPK by colon-produced acetic acid is suspected to play a role in some of the metabolic benefits of a high-fiber diet.226


Based in part on studies of human coprolites227—fossilized feces (paleopoo!)—our ancient ancestors may have consumed in excess of 100 g of fiber a day.228 That’s more than five times that of the average American today.229 So, we evolved to be AMPK-activating machines, not only because we were often hungry and active but because our guts were churning out spoonfuls of vinegar every day from all the plants we ate. And, before you ask, no, you can’t just take a fiber supplement like psyllium (Metamucil) because it’s nonfermentable, meaning our gut bacteria can’t eat it. So, although such fiber supplements can improve bowel regularity, they cannot be used to make the key ingredients for AMPK activation.230




Food for Thought


The discovery of AMPK is considered to be one of the most important breakthroughs in biomedicine in the last few decades.231 Because this enzyme is involved in the functioning of the majority of aging-associated regulators, including autophagy, which I discuss next, the importance of AMPK in anti-aging interventions is hard to overestimate.232


The drug metformin activates AMPK but carries adverse side effects and may not benefit healthy individuals. AMPK is an energy sensor, so it’s activated when we eat less or move more. Some food components, like saturated fat, can suppress AMPK, whereas others, like fiber, can boost it. There are also specific AMPK-activating compounds in barberries, black cumin, hibiscus tea, and vinegar.


To help boost this anti-aging pathway, at each meal, consider:




	reducing consumption of saturated fat (concentrated in meat, dairy, and desserts)


	
increasing consumption of fiber (concentrated in legumes and whole grains)


	taking each of the following:







	2 teaspoons of barberries


	a dash (1/12 teaspoon) of ground black cumin


	¾ cup hibiscus tea mixed with ¼ cup of lemon verbena tea


	2 teaspoons of vinegar (though never taken straight; sprinkle on food or dilute it in the tea)



















AUTOPHAGY


When food is scarce, our body shifts into conservation mode, slowing down cell division and turning on the process of autophagy,233 from the Greek auto meaning “self” and phagy meaning “to eat.” Autophagy means, quite literally, “eating yourself.”




TAKING OUT THE TRASH


Upon realizing there isn’t much food around, our body starts rummaging through our cells in a salvage operation, looking for anything we don’t need—defective proteins, malfunctioning mitochondria, and other stuff that isn’t working anymore. It clears out the junk and upcycles it, turning it into fuel or new building materials, thereby renewing our cells. So, autophagy plays two major roles: nutrient recovery and quality control. The conservation of autophagy machinery over a billion years of biological evolution underscores the importance of this universal recycling program,234 recognized in 2016 with a Nobel Prize awarded for teasing out its secrets.235


At any given time, most of our cells are producing and assembling more than 10,000 distinct proteins.236 Each of them can become misfolded or damaged at any moment and require a cleanup on aisle three. We evolved in a context of scarcity, though, where food was hard to come by. When we’d get to eat next was unpredictable. So, our body expects we’ll fall back on hard times any day—maybe even tomorrow—and figures it can put off cleaning up until then. But, these days, those lean times hardly ever come. Most of us live in nutrient excess, so our body figures, why bother? We can just toss the defective protein or broken-down mitochondrion in the corner and make another. So, our cells end up continually hoarding junk.


The buildup of cellular detritus isn’t merely wasteful but harmful, too. Out with the old and in with the new doesn’t just restock the pantry; it also clears away decay. Our ancient ancestors often ate only once a day or went for several days without any food, so our autophagy switches were constantly getting tripped.237 Today, in our three-meals-a-day world, our cells no longer need to look under the couch cushions for sustenance, and the trash heaps just pile higher.


In the modern context of not only having relatively easy access to sufficient nutrients but to food in excess, our baseline rate of autophagy is low238 and slips down even lower as we get older. A decline in autophagic capacity with age has been described in nearly all animals analyzed.239 This can lead to more accumulation of cellular debris, which can then further impair our aging cells. This may be why inadequate autophagy is not just a consequence of aging but is considered to be one of its causes.


Autophagy is critical for most lifespan-enhancing interventions. Whether through diet, drugs, or genetic manipulations, if autophagy pathways are blocked, so, too, are many pro-longevity effects. What’s more, autophagy appears to be not only necessary for life extension but also, in some cases, sufficient.240 Boosting autophagy alone can lengthen lifespan in mice by an average of 17 percent, as well as improve healthspan.241 No wonder autophagy is at the forefront of so much longevity research.242







FAST OR GO FAST


The most commonly cited inducer of autophagy is dietary restriction, which gives new meaning to the term fasting “cleanse,”243 but autophagy doesn’t really maximally ramp up until twenty-four to forty-eight hours of fasting, which is too long to go unsupervised.244 (See here, Don’t Try This at Home.) However, moderate dietary restriction over the long term may also work, based on muscle biopsies taken from volunteers of the Calorie Restriction Society. See details in see.nf/fast.


Dietary restriction has been called the “safest way” to stimulate autophagy,245 but that distinction probably belongs to exercise, though it may take sixty minutes or more of moderate to vigorous aerobic exercise (55 to 70 percent VO2 max).246 Again, more details in the video. High-intensity interval training didn’t seem to make a difference,247 and to date, data are insufficient to characterize the autophagy response to resistance exercise.248







FOODS THAT MAY IMPAIR AUTOPHAGY


As I discussed in the last chapter, we know that the enzyme AMPK activates autophagy. So, anything that suppresses AMPK activation, like saturated fat intake, may also suppress autophagy. Inversely, the enzyme mTOR (see the chapter on mTOR) deactivates autophagy,249 so anything that activates mTOR, like animal protein,250 may also suppress the autophagy process. When study participants completely fasted for thirty-six hours and were then given a whey protein drink, their autophagy levels were suppressed significantly more than if they were given even more calories of straight carbohydrate.251 Some carbohydrate-rich foods, though, notably french fries and potato chips,252 may inhibit autophagy through another mechanism, acrylamide.


Watch see.nf/acrylamide for details, but basically, acrylamide is a chemical formed when carbohydrates are exposed to particularly high temperatures that can inhibit autophagy, at least in cells in a petri dish.253 This may explain why high acrylamide exposure is associated with increased mortality.254 A diminished lifespan among frequent eaters of fast food and salty snacks isn’t exactly a revelation, but an experiment I profile in the video comparing the effects of potato chips to boiled potatoes mixed with the same fat and salt does seem to implicate the chemical,255 though acrylamide isn’t the only potentially harmful by-product of deep frying. As one of the earliest geriatric medicine textbooks presciently concluded in 1849, “frying is an abomination.”256







FOODS THAT MAY BOOST AUTOPHAGY


Any food that activates AMPK should also activate autophagy, so any of the AMPK-boosting foods in the previous chapter should fit the bill. However, autophagy can also be activated directly in pathways independent of AMPK. The most reliable way to kick autophagy into high gear may be to eat less food altogether, but there is a downside to dietary restriction: Starving yourself, as was understated in a major review, “generates discomfort.”257 There is, however, something we can consume that induces autophagy that many find comforting: coffee.




COFFEE


We’ve long known that alcohol consumption is associated with liver inflammation, but a group of Norwegian researchers made an unexpected finding back in 1986: Coffee consumption is associated with less liver inflammation.258 Subsequent studies conducted around the world replicated their results. In the United States, for example, researchers looked at people at high risk for liver disease—those who were overweight or drank alcohol in excess, for instance—and found that those who drank more than two cups of coffee a day appeared to have less than half the risk of developing chronic liver problems as those who drank less than one cup.259 The fact that regular coffee consumption seems protective against the development of fatty liver disease260 gave researchers an idea.


Since autophagy plays such an important role in clearing fat out of the liver,261 they tested whether caffeine might have cell-cleansing properties. Indeed, it was found to be a potent autophagy stimulant.262 So, does coffee or caffeine extend the lifespan of model organisms like yeast and worms? Yes263 and yes.264 Mice, too. In mice, coffee rapidly triggered autophagy within hours at a human-equivalent dose. Moreover, the autophagy-promoting properties of coffee were independent of the caffeine content—decaffeinated coffee worked just as well.265 Both regular and decaf also had similar anti-aging effects on another aging pathway (mTOR)—in mice.266 What about in people?




Good Until You Last Drop


A systematic review of the health impacts of coffee concluded that “daily coffee consumption should be encouraged” in patients with chronic liver disease.267 If coffee enhances autophagy, shouldn’t its benefits extend to a wide range of diseases? Yes. Intake is also associated with lower risk of kidney disease,268 along with reduced risk of conditions as varied as gout, type 2 diabetes, skin cancer, and Parkinson’s disease. Decaf was also associated with a range of health benefits.269 The results are all the more remarkable because many of the studies failed to adequately control for smoking and unhealthy food intake, both of which tend to accompany coffee drinking.270 So, coffee drinkers appeared to be healthier in spite of their tendency for less wholesome habits. Does all this translate into them living longer? Apparently so.


Interventional studies on rats showing that coffee can improve lifespans go back to the 1940s.271 We only have observational research on coffee and mortality in humans, but, to date, more than twenty studies following more than ten million individuals over time have found that, overall, those drinking three cups of coffee a day had 13 percent lower risk of death from any cause.272 If practiced throughout adulthood, that would be expected to translate into approximately an extra year of life.273


Three cups of decaf appeared to be just as protective, so it’s not the caffeine.274 This is supported by data showing the longevity link extended similarly to those who were genetically slow caffeine metabolizers and others who metabolize caffeine more quickly.275 If it’s not the caffeine, then what is it? Coffee contains more than a thousand bioactive compounds. The polyphenol chlorogenic acid is the most abundant antioxidant in coffee beans,276 so researchers started there and indeed found that it was able to enhance autophagy in cultured human cells.277







How to Brew the Most Healthful Cup


More than a hundred coffees have been tested, and the levels of chlorogenic acids varied by more than thirtyfold. Interestingly, the major contributor widening the range was the coffee purchased from Starbucks, which had an extremely low chlorogenic acid content, averaging ten times lower than the others.278 This may be because Starbucks roasts its beans so dark.279 Caffeine is relatively stable to heat, but a dark roast may wipe out nearly 90 percent of the chlorogenic acid in the beans.280 The difference between a medium light roast and a medium roast did not appear to matter, though—at least when it came to boosting the total antioxidant status in people’s bloodstreams after drinking the coffees.281


Don’t be fooled by “low acid” coffee. It doesn’t help with the acid reflux, heartburn, or stomach upset that plagues some coffee drinkers. The low acid is a reference to low chlorogenic acid—which is exactly what we don’t want. Low-acid coffee producers use a slow roasting process that destroys the autophagy-activating compound. That’s like an orange juice company going out of its way to destroy the vitamin C and then branding its OJ as “low acid.” Technically true, since vitamin C is ascorbic acid, but the OJ maker would be bragging about destroying some of the nutrition, and that’s exactly what low-acid coffee companies are doing.282




Save Room for Milk in Your Coffee?


Adding dairy milk or creamer may undercut some of coffee’s benefits. The milk protein casein binds to chlorogenic acid and thereby may block its absorption in the digestive tract.283 Based on human urine studies, drinking coffee with milk cuts bioavailability of chlorogenic acid, dropping it from 68 percent (in black coffee) down to 40 percent (in a latte).284 Milk protein can also undercut the benefits of tea,285 berries,286 and chocolate.287


What about soymilk? In a test tube, phytonutrients in coffee not only bind to proteins in dairy but also in eggs and soy.288 Eggs haven’t been put to the test yet in humans, so the jury’s still out on whether having an omelet with black coffee would impair absorption, but soy appears to have been given the all-clear. Soy proteins initially bind up the coffee compounds in the small intestine, but our good bacteria release them so they can be absorbed down in the lower intestine.289 Other nondairy milks, such as almond-, rice-, oat-, and coconut-based milks, have so little protein that I’d assume there wouldn’t be a binding issue, but they have yet to be directly tested.





The freeze-drying and spray-drying processes used to make instant coffee don’t seem to significantly affect levels of chlorogenic acids, but the preparation method used to make fresh coffee does. Brewed coffee has higher chlorogenic acid content than espresso, presumably due to the longer contact time between water and coffee grounds, as well as the greater ultimate volume.290


The brewing method also affects the impact of coffee on our cholesterol. Watch see.nf/cafestol to see why paper-filtered is preferable. A study out of Norway following half a million men and women for an average of twenty years appeared to corroborate the cholesterol concern on a population scale. Those drinking paper-filtered coffee had even lower mortality rates than those drinking unfiltered coffee.291 These findings led some to bemoan the growing popularity of “unfiltered” brews from capsule coffee machines,292 but the little plastic cups, like K-cups, actually have a paper filter inside. Capsule coffee does end up with more estrogen-like chemicals in it,293 as one would expect from heating nearly any sort of plastic (BPA-free or not),294 but the levels found were low compared to established safety guidelines.295




Grounds for Concern?


Coffee is not for everyone. People with glaucoma296 or perhaps even merely a family history of it297 may want to stay away from caffeinated coffee. Consumption is also associated with urinary incontinence in women298 and men.299 There are case reports of individuals with epilepsy having fewer seizures after laying off coffee, so avoiding it is certainly worth a try if you have a seizure disorder.300 Coffee may also worsen acid reflux disease.301 Finally, it almost goes without saying that if you have trouble sleeping, you might not want to drink too much caffeine. Just a single cup of caffeinated coffee at night can cause a significant deterioration in sleep quality.302


There are also consistent associations between drinking coffee and certain adverse outcomes during pregnancy, including miscarriage, early preterm birth, and low birth weight. Coffee consumption has not been linked to birth defects, but it may increase the risk of childhood leukemia.303


Also, don’t stick it up your butt. A recent review on the questionable safety of coffee enemas warned against their use, citing reports of colitis, electrolyte imbalance, rectal burns, and perforation.304


Keep in mind that daily consumption of caffeinated beverages can lead to physical dependence. It’s no coincidence that Americans alone spend nearly $75 billion annually on the stuff.305 Caffeine withdrawal symptoms can include days of headache, fatigue, difficulty concentrating, and mood disturbances.306 Ironically, coffee’s tendency to be habit-forming could turn out to be a good thing. If coffee is indeed confirmed to induce autophagy and increase longevity, then a daily habit may ultimately prove to be an advantage.307













SPERMIDINE


In 1676, Antonie van Leeuwenhoek, the father of microscopy, was the first person in history to see bacteria. The following year, he saw his own sperm,308 and a year after that, in 1678, he discovered tiny crystals forming in the semen he had left sitting around.309 Centuries later, this compound would be recognized as spermine. It and its precursor spermidine are actually found throughout the body, so their names are just an accident of history. It was independently discovered in brain tissue in 1885 and named “neuridine,” but when it was revealed to be the same as spermine, naming rights defaulted to the indelicate original.310


Spermidine plays a key role in regulating cell growth.311 It is positively charged, so it naturally binds to negatively charged molecules like DNA.312 Spermidine fits neatly in both the major and minor grooves of the DNA helix.313 Most spermidine in our body is actively bound to our genetic material,314 stabilizing our genetic code for proper translation.315 Spermidine is also a potent activator of autophagy.


The spermidine in our tissues is obtained from three sources. Our cells can make it from scratch from an amino acid called arginine, as can certain bacteria in our gut, or we can get it preformed directly through our diet.316 Certain foods are naturally rich in it. Once ingested, dietary spermidine is rapidly absorbed and circulates throughout our body to contribute to cellular pools.317 Feed extra spermidine to mice, and they live up to 25 percent longer and have more healthful lives.318 Similar lifespan and healthspan benefits were also found across other tested species, as detailed in the landmark paper “Induction of Autophagy by Spermidine Promotes Longevity.”319


The problem is that spermidine levels decline with age. Ours tend to drop by more than half by the time we reach our fifties.320 This decline is seen across the biological spectrum, but there is a remarkable exception.321


The naked mole rat (sometimes referred to by its cuddly nickname, sand puppy) lives an astonishing ten to twenty times longer than other rodents of a similar size without showing any signs of visible aging.322 They can live for decades without exhibiting typical indications of deterioration, such as loss of fertility or muscle mass. The naked mole rat is considered a “non-aging mammal.” This amazing feat may have to do with the maintenance of consistently high levels of spermidine throughout their lifetime, because the same has been found in human centenarians.323


Researchers in Italy found that by the time most people reached their sixties and seventies, their spermidine levels had already fallen to about a third of what they measured in middle age. But those living into their nineties and beyond were somehow able to maintain their youthful spermidine levels, presumably by just making more of it internally. However, we could also replenish declining levels externally with a spermidine-rich diet. The researchers suggested foods like soybeans and mushrooms,324 but, as we’ll learn, wheat germ is an even more concentrated natural source.


What’s particularly encouraging about the rodent studies is that the extra dietary spermidine extended lifespans even when started late in life in older mice,325 the human equivalent of changing your diet when you’re already in your fifties.326 Significant anti-aging effects were also found throughout vital organs—in the heart, kidneys,327 and liver—and in boosted autophagy in the brain.328




Wheat Germ vs. Dementia


In see.nf/wheatgermdementia, I review all the trials of spermidine for cognition, including a remarkable study in which those with mild dementia randomized to eat rolls made with added wheat germ (versus wheat bran) experienced cognitive improvements “way beyond all available antidementia treatments so far.”329







Letting Your Hair Down


Our hair follicles, as one of the most highly active tissues in all of mammalian biology, are like little spermidine-generating machines. In see.nf/spermidinehair, I show how taking the amount of spermidine in a daily half teaspoon of wheat germ330 can significantly reduce hair shedding (as determined by the so-called pull test) compared to placebo even months after the study ended.331







Out-of-Antibody Experience


Long-term immunity requires the maintenance of Methuselahian antibody-producing cells, yet the level of spermidine in our cells drops as we age, a decline in autophagy follows, and the ability of our immune cells to function declines.332 As I show in see.nf/immuneheart, a restoration of youthful spermidine levels can improve antibody production in immune cells taken from older adults,333 suggesting that spermidine may help “reverse immune aging.”334








For the Faint of Heart


In see.nf/immuneheart, I also review the evidence that led to the medical journal editorial “Spermidine to the Rescue for an Aging Heart.”335 The reason people who eat more spermidine tend to have less cardiovascular disease336 may be that spermidine can restore autophagy in the cells lining our blood vessels that are responsible for healthy artery function.337







Spermidine as an “Anti-Aging Vitamin”


Higher levels of dietary spermidine were found to correlate with reduced blood pressure and a lower combined incidence of heart attack, stroke, and death from vascular disease. Okay, but the top sources of spermidine in the population studied were whole wheat, apples, pears, and salad.338 How do we know spermidine intake wasn’t just a proxy for a more healthful diet in general? Only recently did we discover that not only do the apparent benefits appear to be independent of dietary quality but the magnitude of the effect seems unprecedented.


Eight hundred men and women in their forties through eighties were followed for twenty years. Researchers looked at 146 different nutrients in their diet, and the component most predictive of longevity was spermidine. Those who consumed the most spermidine didn’t just have lower risk of dying from cardiovascular disease; spermidine intake was associated with a lower risk of all major causes of death, which is what we’d expect from an anti-aging agent. Critically, this survival advantage persisted even after controlling for dietary excellence, meaning it didn’t appear to be just because they were eating more healthful foods in general.339


How big of an effect are we talking about? The mortality rate of those in the top third of spermidine intake (consuming more than about 12 mg a day) was compared to those in the bottom third (consuming less than 9 mg a day). The difference in death rate was as if those eating more spermidine were 5.7 years younger.340 By eating more of certain foods, it’s as if they had effectively turned back the clock nearly six years.


The findings were so extraordinary that, before publication, the researchers sought to replicate their results in an entirely separate cohort of individuals. And, indeed, they arrived at the same conclusion.341 This led some to propose that, as we age, spermidine approaches the status of a vitamin.342 When we’re younger, we seem to be able to make enough ourselves, but, as we get older, we need to start ensuring that we’re getting enough through our diet to maintain autophagy into old age. If spermidine is going to be considered an anti-aging vitamin, where is that “vitamin” found?








Sources of Spermidine


In developed countries, the average intake of spermidine is approximately 10 mg a day.343 Some countries in Asia and Europe, especially around the Mediterranean,344 achieve a per capita daily intake closer to 13 mg or higher,345 while the United States is down at 8 mg,346 which may not be surprising since vegetables are the main source.347


Swedish researchers calculated that a healthy diet would include 25 mg of spermidine for women and 30 mg for men.348 If those of us in the United States need to bump up our average daily intake from 8 mg, where are we going to find another 20 mg? Rich spermidine sources fall into three main categories: “unprocessed plant-derived foods” (including mushrooms, though they’re technically fungi), certain fermented foods349 (some bacteria can make it, too, if you recall), and select animal viscera (internal organs).


Which are the best sources? There are a number of different ways that you can rank nutrients in food. You could order them by spermidine per calorie to see which has the best bang for your caloric buck. Or you could sort by spermidine per dollar to see which has the best bang for your actual buck. In the medical literature, the most common ranking is by weight, so you can see which foods are most concentrated with spermidine, ounce for ounce. However, this can be misleading for practical purposes. By this measure, dill, for example, has been singled out for its high spermidine content, ranking as high as chickpeas on a pound-for-pound basis,350 but one serving of chickpeas (about a third of a can) weighs as much as a hundred servings of dill (five hundred sprigs).391 On paper, garlic has as much spermidine as potatoes,392 but it’s easier to eat a small baked potato393 than the same weight in garlic, about seventy-seven cloves.394,395 So, it’s probably most useful to list top spermidine sources by serving.




TOP SPERMIDINE SOURCES


(MILLIGRAM PER 100-GRAM SERVING UNLESS OTHERWISE SPECIFIED)


  1.   9.7 mg: tempeh351,352


  2.   9.2 mg: mushrooms353,354


  3.   9.2 mg: pig pancreas (1 oz)355


  4.   8.2 mg: natto (1 oz)356


  5.   6.1 mg: mango (one, 210 g)357,358


  6.   5.9 mg: edamame359,360


  7.   5.8 mg: green peas361,362


  8.   5.7 mg: cheddar (aged one year, 1 oz)363


  9.   5.5 mg: lentil soup (1 cup)364


10.   5.1 mg: soybeans365


11.   4.4 mg: lettuce366


12.   4.3 mg: polenta367


13.   4.3 mg: corn368,369


14.   3.8 mg: soymilk (1 cup)370


15.   3.8 mg: mussels371


16.   3.7 mg: broccoli372,373


17.   3.4 mg: cow intestine374


18.   2.9 mg: chickpeas375


19.   2.8 mg: cauliflower376,377


20.   2.7 mg: celeriac378


21.   2.6 mg: yellow peas379


22.   2.5 mg: wheat germ (1 Tb)380


23.   2.5 mg: french fries381


24.   2.4 mg: oysters382


25.   2.4 mg: lentils383


26.   2.4 mg: adzuki beans384,385,386


27.   2.3 mg: eel livers (1 oz)387


28.   2.2 mg: salad388


29.   2.1 mg: popcorn (50 g)389


30.   2.0 mg: kidney beans390





On the previous page is an exhaustive list of virtually every food I could find that consistently, on average, reaches 2 mg of spermidine per serving. Note that I didn’t restrict the chart based on accessibility or palatability (since that differs individual by individual), nor, necessarily, on healthfulness. (Just because french fries and certain aged cheeses are high in spermidine does not mean the road to longevity is paved with cheesy fries.)


Note also that the list is not necessarily representative of the leading contributory sources of spermidine on a population level. For example, green peas may be the number one source of spermidine in the United States even though they are down at number seven on this list of most concentrated sources.396 Even though whole-wheat bread has about three times more spermidine than white bread, people may net fourteen times more spermidine from white bread overall, given its popularity. Indeed, one study in Turkey even computed white bread as the leading food source.397


Going down the “Top Spermidine Sources” list, you’ll notice that soy foods grab four of the top ten spots. Tempeh, which wins the gold, typically comes in 8-oz packages, and just one of those could completely fill the daily 20 mg spermidine gap. Mushrooms take the silver. Interestingly, plain white mushrooms may have twice the spermidine content as “fancier” mushrooms like enoki or shiitake.398 (Cooking mushrooms does not appear to affect levels.399)


Up next? Duking it out for most divisive source are pig pancreas and natto, a fermented soy food strong in funk and stringy slime. Speaking of funk, durian fruit, described as having “a sperm-like odor,”400 is an even more concentrated source of spermidine than mango.401 It would have made the list had I been playing fair. (For an explanation of my excision of durian fruit with extreme prejudice, you can read about my humorous-only-in-retrospect run-in with durian in How Not to Die.)


Although apples and pears represent leading contributors to population-wide intake,402 they pale in comparison with mangos, which average more than ten times the spermidine concentration.403 I used a small mango in my calculation, but larger varieties, like Tommy Atkins, Keitt, Kent, or Haden, yield an average of 336 g of peeled, pitted fruit, which would top tempeh as the reigning champ.404 Two large mangos alone could fill that daily spermidine gap.


Dairy milk has little or no spermidine to begin with, but the bacteria in certain types of ripened cheese make significant amounts. So, while American cheese and mozzarella don’t have any, blue cheese can have 1.1 mg of spermidine per ounce,405 and, as you can see, extra-sharp cheddar ripened at least a year actually makes the list.406 Cheese in general only averages about 0.6 mg,407 though, and even some aged varieties, such as Gouda, ripened for six months, are lacking.408 Yogurt doesn’t have any either,409 which suggests only certain types of bacteria produce it. Sauerkraut, for instance, doesn’t appear to have any more spermidine than fresh cabbage.410


Soymilk, however, is a concentrated source411 and is presumably the only type of milk with significant levels at 3.8 mg per cup. The next beverages don’t even come close. Tomato juice has 0.5 mg per cup,412 followed by high-quality red wines with 0.3 mg per glass.413 There doesn’t appear to be any spermidine in white wine.414


While there isn’t any spermidine in coffee, tea leaves are said to be “conspicuously rich” in it.415 They are, pound for pound, but a tea bag usually only has about 2 g of tea so we’re talking about 0.3 mg per cup of matcha green tea and less than 0.1 mg per cup of regular green or black tea.


As a certified dark green leafy snob, I was begrudgingly impressed to see lettuce score so high.416 Lettuce is light, so the 100 g stacks up to 3 cups,417 but the spermidine in even small side salads could really add up. The popcorn volume was high, too, so much so that I felt I should at least cut the serving size in half—100 g of air-popped popcorn exceeds a dozen cups!


Polenta rounds out the first dozen. The high spermidine content in corn has even caused some to speculate that it may be the reason why maize-raising regions of Japan seem to have such lower mortality rates from Parkinson’s disease,418 a condition caused by the buildup of misfolded proteins in the brain that spermidine-induced autophagy may help clear.419


Organic versus conventional cultivation of vegetables does not make much of a difference.420 Boiling vegetables can leach some spermidine into the cooking water, but it seems to get destroyed only by high dry-heat cooking methods.421 The same is true for meat. For example, roasting and grilling chicken wipe out about half the spermidine, compared to boiling or stewing, which only causes about a 15 percent decrement.422 Either way, chicken’s contribution is relatively minimal.


While whole plant foods only account for about 10 percent of America’s diet,423 plants provide more than 80 percent of the spermidine in Western countries.424 Eggs have none, most dairy products have little,425 and few people are eating animal innards higher in spermidine content. The spermidine in muscle meat is relatively low, averaging 0.4 mg per 3-oz serving and only 0.2 mg in fish.426 The meat with the most is mussel muscle. Scallops and clams don’t seem to have as much,427 but oysters and mussels make the chart.428


If one wanted to extend the chart down to 1.5 mg per serving, the next entries would be 1.9 mg in a potato (170 g),429,430,431 1.8 mg in rabbit liver (1 oz),432 1.8 mg in pine nuts (1 oz),433 1.7 mg in asparagus,434 1.6 mg in peanuts (1 oz),435 1.6 mg in cucumber,436 1.5 mg in rabbit spleen (1 oz), 1.5 mg in pig lung (1 oz),437 and 1.5 mg in black-eyed peas.438,439 Although separate components may not make the cut, a composite food like a PB&J could, with its 1.6 mg in the ounce of peanuts (about 2 tablespoons) and 1.3 mg found in two slices of whole-wheat bread.440 That’s in quarter-can-of-chickpeas territory. A hummus sandwich could score even higher.




Hard to Swallow


This line in a medical journal gave me a double take: “Spermidine is also contained in fruits, such as mango, in semen, and especially in red wine.”441 That’s quite the spunky cocktail! Mangos finish cum laude, but wine doesn’t actually have much at all. And semen?


You can imagine how giddy headline writers were to the news that spermidine boosts longevity. Cosmo ran a column.442 Provocative titles included “Drinking Semen Might Help You Live Longer.”443


Since there’s only about one calorie per teaspoon of semen,444 on a spermidine-per-calorie basis, even lentil soup is no match. But, based on an average of five dozen men, each “serving” only contains 0.1 mg, so, nope. Semen doesn’t make the chart.445










Wheat Germ


The spermidine in semen is a testament (from the Latin testis, but for “witness,” not “testicles”)446 to its DNA-protective effects. The same is true for wheat germ, which is the tiny plant embryo within the whole-wheat kernel. Though it falls relatively far down the chart in spermidine per serving, you’ll notice it has the smallest serving size, just one tablespoon or 7 g.447 So, on a volume or weight basis, wheat germ reigns supreme.


It’s also the cheapest source of spermidine, as low as two cents per mg. Wheat germ is a by-product of the white flour milling industry and typically just discarded, which may account for its reasonable price.448 You know something’s a bargain when it can even beat out dried beans in nutrient per dollar.




Pop a Spermidine Supplement?


I was surprised to read that spermidine supplements were not commercially available.449 That couldn’t be true. I searched online and poof—there it was, a bottle plastered with the word SPERMIDINE. But, if you read the label, you can see it’s just wheat germ stuffed into capsules. Not even an extract. Literally straight wheat germ.


On the one hand, it’s nice to see supplement manufacturers not trying to concoct some proprietary formula. For example, to meet the turmeric quota in my Daily Dozen (see How Not to Die), I often just take the spice in capsule form since I don’t always want to curry up my meals. It may be harder to find straight turmeric spice in capsules, as opposed to some patented extract, but if you can, the price premium for convenience is steep.


Unlike turmeric, the taste of wheat germ is pretty neutral, and I’ve found I can just sprinkle it onto foods. (I mix it with ground flaxseeds, also from my Daily Dozen.) You can buy wheat germ in bulk for as low as $3 a pound. In capsule form, wheat germ comes out to more than $200 per pound, which is at least a dollar per teaspoon as opposed to just a penny or two.










With a Little Help from Our Little Friends


At sufficient doses, wheat germ can also help control cholesterol, triglycerides,450 diabetic blood sugars,451 and pain, fatigue, headache, and mood swings associated with painful periods.452 (Details in see.nf/wheatgerm.) It can also boost Bifidobacteria in the gut. A common constituent of commercial probiotics, Bifidobacteria are considered one of the proxies for a beneficial balance of good bugs in general453 and may even have the knock-on effect of adding extra spermidine to the system.


Our good gut flora produce spermidine that can then get absorbed into our bloodstream from our colon and circulate throughout the body.454 Eating tempeh or sprinkling wheat germ onto dishes can provide periodic bumps at meals, but even better if your microbiome were making it 24/7.455 In fact, our good gut bacteria probably churn out more spermidine than most of us eat.456 So, we may be getting less spermidine from the top down than the bottom up, though this may change as we age.


Spermidine levels don’t just decline in our bloodstream as we get older but in our stool, too.457 Feces of thirty-year-olds have more than twice the spermidine concentration of those of eighty-year-olds,458 and this decline has been linked to changes in our microbiome.459


Give people a strain of probiotic Bifidobacteria, and you can increase spermidine levels in their stool.460 The same strain given to mice had the same effect. Enough to prolong their lives? Yes. A boost in spermidine-producing friendly flora was shown to improve the healthspan and lifespan of the mice461— even protection from age-induced memory impairment.462 What about in people?


A symbiotic combination of prebiotics and spermidine-producing Bifidobacteria was able to increase spermidine levels in people’s blood. This then translated in a randomized, double-blind, placebo-controlled trial to improve endothelial function,463 thought due to a boost of autophagy.464 Spermidine-producing bacteria are fiber-feeding,465 so prebiotics alone would likely foster the growth of more spermidine producers. Then, even if you miss a day, your colonic colleagues can pick up the slack. Since beans and whole grains are leading sources of spermidine and also the fiber and resistant starch our good bugs eat, they may offer a double dose of cellular spring cleaning.







Who Shouldn’t Up Their Spermidine?


The lack of reported side effects466 is not surprising, given that our own body makes so much of it and spermidine’s found naturally in some of the very foods associated with health and longevity.467 But, is it safe for everyone? I note in see.nf/spermidinedownsides who might want to be cautious about attempting to restore youthful spermidine levels. Though spermidine may reduce the risk of getting cancer,468 because autophagy’s nutrient replenishment action could potentially help sustain tumor viability,469 perhaps people with cancer shouldn’t go out of their way to increase their spermidine intake.470 The other group I would advise caution for are those with kidney failure.471







Spermidine Bottom Line


Given the safety and efficacy of spermidine to induce autophagy at achievable dietary doses, it is one of the most promising anti-aging compounds. DrugAge is an extensive online database472 of more than five hundred lifespan-extending compounds.473 Among the small subset with the fewest side effects, spermidine had the largest documented lifespan extension.474 A “predominantly plant-based diet” has therefore been recommended to help counteract the decline in spermidine as we age.475 Certain foods have more than others, though. While some have suggested the genetic engineering of high-spermidine transgenic potatoes,476 there are already a plethora of naturally spermidine-rich foods.




Food for Thought




Autophagy is considered the “primary system for cleaning the body” from the inside out.477 Some food components, like acrylamide, may suppress autophagy, whereas others, like spermidine, can boost the process. Chlorogenic acids in coffee can also help your cells take out the trash. What’s more, autophagy can be boosted indirectly by amping AMPK or quelling mTOR.





To help boost this anti-aging pathway, on a daily basis, consider:




	60 minutes of moderate to vigorous aerobic activity


	minimizing your intake of french fries and potato chips


	trying to consume at least 20 mg of spermidine by incorporating foods such as tempeh, mushrooms, peas, and wheat germ into your diet


	drinking three cups of regular or decaffeinated coffee


	instituting the recommendations to activate AMPK (see the AMPK chapter)


	following the recommendations to suppress mTOR (see the mTOR chapter)






















CELLULAR SENESCENCE


Fifty years ago, microbiologist Leonard Hayflick demonstrated that, contrary to what was believed, human cells in a petri dish do not continue to double forever.478 They only grow and divide about fifty times before entering an irreversible state of arrested replication, known as cellular senescence.479 Senescence comes from the Latin word senex, meaning “growing old.”480 We always have immortal stem cells that can create new cells with a fresh start, but, once they form, they only have about fifty divisions before they, too, are dead in the water. This is a good thing.


This natural “Hayflick limit” helps protect the body against cancer by blocking the proliferation of damaged cells.481 That’s great for successfully getting us through reproductive age and passing along our genes, but what happens when the “natural” human lifespan of about thirty years gets extended to eighty years or more by miracles like sanitation? Our body ends up littered with senescent cells.482





ZOMBIE CELLS



Hayflick figured that these nondividing cells might contribute to aging simply because they had lost their capacity to participate in tissue repair and regeneration.483 Instead, it turns out they actively damage surrounding tissues, earning them the moniker “zombie cells.”484 The problem with zombies isn’t only that they are no longer productive members of society. They also want to eat your brains.


When we are younger, senescent cells are cleared by our immune system. When our cells reach their limit and are ready to retire, they are programmed to start releasing a cocktail of inflammatory chemicals called the senescence-associated secretory phenotype, or SASP. Inflammation, a process that often carries negative connotations, can sometimes be a benefit. Just like inflammation caused by a splinter draws immune cells out of circulation to a puncture wound, senescent cells make their own funeral arrangements by releasing inflammatory factors to flag themselves for immune clearance.485 There’s a problem, though. As we age, more and more senescent cells are piling up at the very same time that our immune systems are falling into disarray. So, the localized transient inflammation that is usually beneficial, like in the splinter scenario, develops into a detriment—the chronic systemic inflammation that characterizes aging and disease.


Even though the senescent cell burden in aged tissues represents just a small fraction of total cells,486 they can have an outsized impact through SASP secretion, which can disrupt local tissue architecture and spill out into circulation.487 What is frequently the largest organ in the human body? Is it the liver? The skin? No. In a growing number of people, it’s our adipose tissue—that is, body fat. The inflammation related to obesity, which tends to worsen with age,488 has been tied to the buildup of SASP-producing senescent fat cells.489 SASP inflammation may even account for some of the most dreaded side effects of chemotherapy. Chemo works by successfully driving cancer cells senescent, but the ensuing SASP storm can drive bone marrow suppression and heart toxicity.


With all this SASP inflammation, it is no surprise that senescent cells are connected to a spectrum of age-related diseases, including Alzheimer’s, Parkinson’s, osteoarthritis, osteoporosis, herniated discs, spinal curvature, and loss of muscle mass and kidney function.490,491 Even cancer, ironically. Although cellular senescence likely evolved as an anticancer mechanism, late in life the excess inflammation can actively feed tumor growth—as in feed quite literally via angiogenesis, the sprouting of new blood vessels into the tumor.492 But, how do we know cellular senescence is the cause rather than the consequence of disease?




Young Blood


In see.nf/parabiosis, I detail a macabre set of experiments showing that old animals surgically conjoined like “Siamese twins” to young animals grow healthier, stronger, and smarter,493 and live significantly longer.494 To determine if this was due to transmissible bloodborne factors rather than just shared organ capacity, researchers turned to transfusing old animals with young blood. I explore those vampire 2.0 experiments in see.nf/bloodboy.


Yes, the injection of blood from young mice into old improves cognition, for example, suggesting there’s some sort of restorative factor in youthful blood, but the injection of blood from old mice into young can make things worse, suggesting there’s some sort of debilitating factor in older blood.495 Or, maybe the old blood is just diluting the revitalizing factor in the young mouse? For that matter, maybe the young blood is diluting the debilitating factor in the old mouse.496 Amazingly, the latter seems closer to what’s happening, as the simple dilution of blood in older animals can replicate much of the regeneration found in the parabiotic and transfusion studies.497 And indeed, patients with moderate Alzheimer’s randomized to blood dilution experienced about 60 percent less cognitive and functional decline over a period of fourteen months compared to a sham, placebo procedure.498 The advantage over blood transfusions, as the director of the University of Zurich’s Institute of Biomedical Ethics put it: “There is something peculiar about the old literally feeding on the young.”499










OUT WITH THE OLD


Researchers proved cause and effect by transplanting senescent cells from older mice into younger ones, and all it took were a few to cause persistent age-related physical dysfunction and a quintupling of their mortality.500 Conversely, clearing even a fraction of senescent cells can profoundly delay tumor development and age-related organ deterioration.501 The marked extension of healthspan and lifespan through senescent cell clearance sparked a gold rush to identify senolytics, compounds that can eliminate senescent cells.502 In my video see.nf/senolytics, I review both drug and lifestyle approaches.


In short, cellular senescence can be thwarted by preventing our DNA from becoming damaged beyond repair in the first place (see here). Senescent cells can then be eliminated by exercise503 and caloric restriction504 (details in see.nf/senolytics), as well as a variety of dietary components.





QUERCETIN


In 1936, Albert Szent-Györgyi, who won the Nobel Prize the following year for discovering vitamin C, suggested that a class of phytonutrients called flavonols should also be considered a vitamin. (He suggested “vitamin P.”)505 The most common flavonol in the diet is quercetin,506 which is found concentrated in onions, kale, and apples.507 It’s what gives apple peels their bitter taste.508 Researchers had been testing dozens of different compounds on cells scraped from umbilical cords and then irradiated to force senescence. In 2015, they announced their results: Quercetin was a natural senolytic.509


More details in see.nf/quercetin, but, bottom line, quercetin doses as low as the human equivalent of one small apple a week reduced cellular senescence and improved the healthspan of aging mice. For example, they experienced less hair loss, had enhanced heart function, and gained greater athletic endurance into the equivalent of their sixties.510 So, we may want to share a few kale stems with our pet mouse, but what about people?




Sources of Quercetin


Quercetin can also be found in its namesake—oak trees, from the Latin quercus511—but it is considered “widespread in plant-based foods.”512 In fact, quercetin is so pervasive in the plant kingdom that it can even be found in iceberg lettuce.513 (Lettuce is the fifth leading source of quercetin in the American diet.514) Onions have between 20 mg515 and 100 mg516 each, apples between 4 mg and 20 mg,517 a one-pound bunch of kale may have 50 mg, and a cup of tea about 5 mg.518 Capers have 20 mg per tablespoon, but stay away from high-sodium brands.519 (I’ve seen capers in the market with anything between 0 and 200 percent of your entire daily sodium limit per serving.)


Although quercetin supplements procured online tend to be accurately labeled520 and there are safety data to suggest no significant adverse effects to taking as much as 1,000 mg for as long as twelve weeks, I recommend sticking to dietary sources,521 as does the Mayo Clinic team who established the field.522







Apples and Onions


It’s hard to tease out the effects of quercetin from the range of salutary effects attributed to quercetin-rich foods, such as apples and onions. I note in see.nf/applesonions how the wisdom of an apple a day keeps the doctor away, a public health aphorism dating back to 1866, seems to have borne fruit.523 It appears to be less the apple of one’s eye than the apple of one’s arteries. Significantly better improvement in artery function within hours of eating unpeeled apples than after eating apples that had been peeled524 is consistent with a quercetin effect, and indeed, even isolated quercetin supplements can lower blood pressure,525 cholesterol,526 and inflammation.527 Unfortunately, quercetin-rich onion powder failed to improve cognition in elderly with528 or without529 Alzheimer’s disease. (Details in see.nf/onionpowder.)


Although most of the quercetin supplement studies used doses not easily achievable through diet, even just three-quarters of a teaspoon of fresh onion can acutely improve blood pressure and fluidity compared to placebo,530 helping to explain why those who consume more quercetin appear to have less than half the risk of dying from heart disease.531 A modeling study even suggested that prescribing an apple a day could prevent about as many deaths from vascular disease on a population scale as prescribing everyone a cholesterol-lowering statin drug—and with fewer side effects.532 (Ironically, now that drugs like Lipitor are available in generic form, the drug would likely be cheaper than the fruit.)




A New Wrinkle


The disappointing interventional cognition data were met in 2018 by a report questioning quercetin’s senolytic activity. The original quercetin studies in people had been performed on cells from the lining of umbilical cord blood vessels, a convenient source of human tissue. When the experiment was repeated with cells from adult donors, though, quercetin didn’t seem to have the same senescent cell–killing effect.533 However, in 2019, quercetin was found to do something even better.


Werner syndrome is a rare genetic disease characterized by a mutation of a DNA repair enzyme that results in premature aging. When senescent Werner cells were exposed to the levels of quercetin one could get in the bloodstream by eating quercetin-rich foods,534 they seemed to be rehabilitated rather than eradicated.535 It appeared as though the senescence was reversed, like waking the living dead. What about aging cells that aren’t mutated? A “rejuvenating effect” on senescent cells was found there as well. In the journal Experimental Gerontology, researchers in Greece claimed to have put quercetin to the test topically on volunteers and reported “positive results as regards to [skin] elasticity, moisturization and depth of wrinkles,”536 but their data do not appear to have been published, which raises concerns about the veracity of the claims.














FISETIN


Given the senolytic success of a quercetin cocktail, researchers started screening other flavonoids.537 In doing so, they found one that was nearly twice as potent: fisetin.538 It can increase the lifespan of yeast by 55 percent and fruit flies by 23 percent. Fisetin can also increase the lifespan of mice even when begun later in life.539 When started at an age roughly equivalent to seventy-five years in humans, fisetin extended the average and maximum lifespans of older mice by about 75 percent. Markers of cellular senescence and SASP were significantly reduced in all analyzed tissues in conjunction with a reduction in age-related pathology.540 A separate study found that fisetin can also increase long-term memory in mice.541 What about us?


Like quercetin, fisetin has been shown to have anti-inflammatory effects in clinical trials,542 but what about senolytic effects? When human fatty tissue that had been removed during routine surgery was exposed to fisetin, there was indeed a reduction of senescence and SASP markers. Given that fisetin is naturally found in the diet, has no reported side effects, and is already sold over the counter in dietary supplements, researchers immediately started designing studies to put fisetin’s anti-aging potential to the test.543 Currently, there are more than a dozen trials in the works, pitting fisetin against a range of age-related conditions, including osteoarthritis, osteoporosis, frailty, kidney disease, cognitive decline, and even COVID-19 complications.544 The fact that there is so much clinical interest in a natural product that lacks the financial incentives that traditionally drive so much of biomedical research speaks to its promise.




Berried Treasure


Though first isolated from Venetian sumach, fisetin is concentrated in strawberries, the richest known dietary source.545 This may help explain why strawberries, but not blueberries (despite having even more antioxidants), were able to more effectively rescue rats exposed to radiation.546 I run through all the landmark strawberry studies in see.nf/fisetin. In short, randomized controlled trials show that strawberries can improve cognition,547 cholesterol, inflammation,548 and osteoarthritis,549 as well as boost beneficial gut bugs, including Christensenellaceae,550 a newly discovered551 bacterial family found associated with longevity based on studies of centenarians and supercentenarians.552 In the video, I also explain why fisetin supplements are not recommended.










PIPPALI


A third natural senolytic compound has been discovered: piperlongumine,553 found concentrated in a spice commonly sold in Indian grocery stores as pippali (Piper longum, also known as pibo in China and long pepper in Europe).554 I detail what it is and what it can do in see.nf/pippali. I was convinced enough to add it to my daily spice regimen alongside amla (see here), black cumin (see here), and turmeric (see here). Note that the use of pippali during pregnancy and breastfeeding is not recommended.555




Food for Thought




Cellular senescence is considered to be one of the foundational hallmarks of aging.556 The inflammatory SASP, secreted by senescent cells, is thought to be a main driver of tissue deterioration and disease.557 To prevent cellular senescence in the first place, we can avert DNA damage by following the recommendations in the Oxidation chapter, and, to potentially help clear such cells and their SASP, there are natural senolytic compounds in foods—quercetin, fisetin, and piperlongumine. Although it is not yet clear whether sufficient levels can be reached by eating foods rich in these compounds, such foods are healthful in their own right.





To help slow this aging pathway, on a daily basis, consider:




	consuming quercetin-rich foods, beverages, and seasonings, such as onions, apples, kale, tea, and salt-free capers


	eating fresh, frozen, or freeze-dried strawberries


	seasoning meals with pippali (long pepper)



















EPIGENETICS


Until recently, the aging process was considered to be an inexorable decline characterized by the cumulative buildup of molecular damage to key cellular components, particularly our very DNA.558 Just as the various components of a car eventually break down with time, so do the components of our body. Challenging this assumption were life-forms that could seemingly defy aging by attaining a sort of state of suspended animation, such as date pits unearthed during archaeological digs germinating after thousands of years,559 plants regenerating from fruits buried by Arctic squirrels 30,000 years before,560 and bacterial spores viable after tens of millions of years encased in amber or hundreds of millions of years preserved in salt crystals. However, one need not seek exotic examples to demonstrate the uncoupling of biological aging with chronological (“calendar”) aging. Instances of the aging clock not only being halted but actively reversed and even reset to zero happen every day.561




THE GREAT RESET


Think about it. A baby girl is born with all the eggs she will ever have. It may be decades before one of those eggs is fertilized. That egg could be sitting in her ovaries for twenty, thirty, forty years—all the while, aging just like every other cell in her body. Let’s say she gets pregnant at thirty. Upon fertilization, if that egg doesn’t somehow rewind its aging clock to zero, then that thirty-year-old egg could lead to the birth of another baby girl with ovaries that are then thirty years and nine months old. By the time she gave birth decades later, the eggs would be more than fifty years old and they would continue to age and accumulate molecular damage with every successive generation. This is why, necessarily, all manifestations of aging in egg cells must be erased.562 Otherwise, the eggs in women’s ovaries would be millions of years old!


In 1996, we learned that eggs aren’t the only cells that can undergo a complete reversal of aging. That was the year a sheep named Dolly was born. The nucleus of an unfertilized egg was removed and, in its place, the nucleus of an udder cell was inserted. (“Dolly is derived from a mammary gland cell,” one of the key researchers said unabashedly while explaining her namesake, “and we couldn’t think of a more impressive pair of glands than Dolly Parton’s.”)563 Then, with a little electric shock, the cell started dividing—no sperm required—and Dolly, the first animal cloned from an adult cell, was born. (Previously, a frog had been cloned from a tadpole cell, earning the researcher the Nobel Prize, but Dolly was the first animal cloned from the cell of an adult.564)


The world marveled that a genetically identical duplicate of an animal could be created. Since Dolly, thousands of clones have been made of mice, goats, pigs, rats, cows, horses, ferrets, wolves, deer, buffalo, camels, and dogs. Cats, too, the first one predictably named “Copycat.”565 The implications, however, go far beyond replicating particularly productive farm animals or generating Fido 2.0. Hidden within that one mature, specialized cell dedicated to milk production, taken from a sheep’s udder, was the full genetic blueprint for the entire animal we’d come to know as Dolly.566 Furthermore, the cell’s age appeared to have rewound back to zero.


There is a lingering misconception that Dolly was beset by some sort of premature aging syndrome. After all, sheep live to be about twelve years old, the mammary cell was taken from a six-year-old,567 and Dolly died at age six, suggesting that the aging clock had just kept ticking without resetting. But, Dolly died from a viral illness, not old age,568 and subsequent experience shows clones can have normal lifespans.569 In fact, mice have been serially recloned—meaning there have been clones made from clones made from clones going out twenty-five generations—and they have all aged normally with respect to lifespan.570 So, not only can adult cells be dialed back to an embryonic state, but they can effectively be rejuvenated by having any traces of aging wiped clean.571


Welcome to epigenetics.







GENES LOAD THE GUN, LIFESTYLE PULLS THE TRIGGER


The term “epigenetics” was coined in the 1940s before we even knew the physical nature of genes, a full decade before Watson and Crick (and Wilkins and Franklin) solved the structure of DNA.572,573 Epigenetics, which literally means “above genetics,” layers an extra level of information on top of the DNA sequence, which on its own is only about 750 megabytes of data574 encoding 50,000 genes.575 All our dividing cells are genetically identical, carrying a full complement of our DNA, but each cell doesn’t need to express all our tens of thousands of genes. Our nerve cells don’t need to be pumping out liver enzymes, and our heart cells don’t need to be growing hair. That’s where epigenetics comes in—in effect, it’s what switches genes on and off. There are a multitude of ways our body does this.576 I’ll talk about sirtuins and microRNAs in their own chapters, but the best-known epigenetic regulator is DNA methylation.577


We have enzymes that can strategically add methyl groups directly onto our DNA to silence gene expression. A methyl group is a simple, stable configuration of carbon that can be added to flag stretches of DNA as skippable. It’s one of more than a dozen ways DNA can be tagged.578 We have a separate set of enzymes that can remove these tags to turn the gene back on. There are approximately twenty-eight million common methylation sites along our genetic code, most of which are methylated at any one time.579 The pattern of methylation is conserved when our cells divide—so a liver cell splits into two new liver cells rather than a bone or muscle cell, for example—and, in this way, methylation patterns in sperm and eggs can be passed down through the generations.580


We used to think that once cells matured and had their DNA appropriately methylated to lock them into their specialized functions, that was it.581 But we now know that our “epigenome,” the pattern of methyl markings in our cells, is a dynamic system and responsive to external stimuli. Epigenetics allows organisms to more rapidly adapt to changing environmental conditions.


It can take eons for large-scale shifts in the genetic code to happen, but the genes we already have can be switched on or off within a matter of hours. Epigenetics is how green grasshoppers can turn themselves black after a grassland fire to better camouflage against the charred soil582 and how our body determines the number of active sweat glands we have in our skin based on whether we’re born in the tropics or in a colder setting.583 Epigenetics is good news. It means our DNA is not our destiny. No matter our family history, the lifestyle choices we make can effectively turn on and off some of our genes, not only affecting us individually but also our kids and maybe even our grandkids.584


In the Gene Expression Modulation by Intervention with Nutrition and Lifestyle (GEMINAL) study, Dr. Dean Ornish and colleagues took tissue biopsies before and after subjects adopted intensive lifestyle changes for three months that included a whole food, plant-based diet. Beneficial changes in gene expression were noted for five hundred different genes. The expression of disease-preventing genes was boosted, and the oncogenes that promote breast and prostate cancer, for example, were suppressed.585 No matter the genes we may have inherited from our parents, we can affect how those genes affect our health with what we eat and how we live. That’s the power of epigenetics. Same DNA, but with different results.


The most striking example of the epigenetic effect of diet on lifespan involves the humble honeybee. Queen bees and worker bees are genetically identical, yet queens may live for three years and lay up to 2,000 eggs a day, while worker bees may live for only three weeks and are functionally sterile.586 How can this be if there is no difference between them genetically? They have a different diet. When the hive’s queen is dying, a larva is picked by nurse bees to be fed a secreted substance called royal jelly. (The workers just get mostly a mixture of honey and pollen adorably named beebread.)587 When the chosen larva eats this jelly, the enzyme that had been silencing the expression of royal genes is turned off and a new queen is born.588 The queen bee has the exact same genes as any of the worker bees, but simply because of what she ate, different genes are expressed, resulting in dramatic alterations to her life and lifespan. A fiftyfold increase in longevity, thanks to epigenetics.




Live Like a Queen?


If royal jelly can turn a simple larva into a queen who can live more than fifty times longer, should we consider eating royal jelly ourselves? I review the available evidence in see.nf/royaljelly. Spoiler alert: While it may be the bee’s knees for bees, given rare cases of hemorrhagic (bloody) colitis attributed to royal jelly supplements,589 eating PB&RJs could just end up being a royal pain in the butt.











THE EPIGENETIC CLOCK



There are certain DNA sites on our chromosomes that so predictably methylate or demethylate as we age that it’s like clockwork, presenting a potential “molecular crystal ball for human aging.”590 In a remarkable triumph of Big Data, out of the millions of methylation sites in our DNA, a tiny subset so dependably shifts over time that you can predict someone’s age within a few years591 just by strategically measuring the methylation pattern in a few hundred—or even just a few dozen—sites592 in someone’s three-billion-letter genome.593


Over the last few years, these “epigenetic clocks” have become established as robust measures of chronological age, surpassing telomere length (see the Telomeres chapter) as the best age predictor.594 Why invent some costly Rube Goldberg approach to divining someone’s age when you can simply ask them? Well, you can imagine forensic applications, the determination of an unidentified victim’s age with a blood or tissue sample, but that just scratches the surface.595 The kicker is that epigenetic clocks don’t just track our chronological age but appear to measure our true biological age.596 In other words, our epigenetic age can better predict our remaining life expectancy than our calendar age.597 Check out see.nf/clock for the whole wild story.


It’s like science fiction.598 Feed a drop of your blood into some futuristic machine that scans the placement of chemical markers on a strand of DNA and out pops your true age, reflecting a lifetime of lifestyle choices.599 In addition to predicting time-to-death, epigenetic clocks also appear to foretell healthspan indicators, such as cognitive decline, frailty,600 arthritis, and the progression of diseases like Alzheimer’s and Parkinson’s.601 As you can imagine, the insurance industry has jumped on this, and your premiums may soon be determined by your epigenetic age.602 But it’s not some set-in-stone fortune teller’s curse. You can change the rate at which you age and may soon be able to use epigenetic clocks to track your progress, potentially presenting a radically faster and cheaper way to test anti-aging interventions.603







SPEEDING AND SLOWING BIOLOGICAL AGING


Studies of centenarians show that some age so slowly that a 105-year-old may have a DNA methylation age of a 60-year-old.604 No wonder they lived so long! What can we do to decelerate our epigenetic clocks and slow down aging? Epigenetic clock analyses show that women age more slowly than men,605 which makes sense since women tend to live longer,606 a pattern so robust that one demographer quipped, “to be a male is a genetic disease.”607 To catch up, men have to make even healthier changes to their diet and lifestyle.


Cigarette smoke is linked to accelerated biological aging, with marked effects evident even at low levels of exposure.608 In contrast, both exercise frequency and intensity are associated with a deceleration of aging.609 What about meditation? Two months of daily practice failed to significantly affect aging rates,610 and long-term meditators appear to have the same aging rates as nonmeditating controls, though practitioners racking up an average of 6,000 hours of meditation may blunt the increase in epigenetic age acceleration over time.611


Until recently, caloric restriction had yet to be tested in people, but it had been shown to slow epigenetic aging in mice and monkeys. Over about a fifteen- to twenty-one-year period of 30 percent dietary restriction, middle-aged rhesus monkeys appeared to epigenetically age seven years less. Even more dramatically, mice at a 40 percent calorie restriction seemed to age only about one year over a period of about three years.612 In 2018, an aging analysis was published of the CALERIE study, the first major randomized trial of calorie restriction in humans. Using nonepigenetic estimates of biological aging, the control group continued to age at a rate of about one year per year, but in that time, the dietary restriction group only seemed to age by about one month. And they achieved this with only a 12 percent calorie restriction, which is like skipping just one donut a day.613


Aging rates were slowed in the dietary restriction group independent of weight loss,614 but obesity has been associated with epigenetic age acceleration in samples of liver tissue615 and deep abdominal fat.616 However, even about a hundred pounds of weight loss due to bariatric surgery did not appear to wind back the clock.617 Maybe we don’t just have to eat less, but better.


The lifestyle factor most closely associated with slowing aging—even more than exercise—is a marker of fruit and vegetable intake, blood levels of carotenoid phytonutrients like beta-carotene.618,619 So, an “epigenetic diet” would focus on consuming more fruits and vegetables.620 On the other hand, the food most consistently linked to accelerating aging is meat.621,622 Perhaps this is partly due to the fact that blood levels of by-products of banned pesticides like DDT are themselves associated with both accelerated aging623 and meat consumption.624 Long-term exposure to air pollution may also be associated with accelerated aging,625 but the data are mixed.626







WINDING BACK THE CLOCK


The fact that our epigenetic age is a better predictor of lifespan and several diseases of old age than our chronological age is powerful evidence that DNA methylation is inexorably linked with some fundamental cause of age-related decline.627 Could it be what’s actually driving human aging,628 or is it merely a passive marker of age?629 Is our epigenetic clock the cause of aging or just the result? If it’s an active driver, it’s a driver that can go in reverse.


Remember how, in cloning, an adult cell could be reprogrammed to revert it into an embryonic state? Not only were methylation marks erased to free up the whole genome, but all vestiges of aging appeared to vanish. We obviously don’t want to reset the clock so far back that we dissolve into an amorphous blob, but might we be able to rewind the clock a little and rejuvenate our cells?


In a Nobel Prize–winning discovery,630 stem cell researcher Shinya Yamanaka identified what we now refer to as Yamanaka factors, a small handful of DNA-binding proteins responsible for cellular reprogramming that serve, in essence, to return a cell to factory settings.631 With these tools in hand, an international team of researchers set out to turn back the clock by reestablishing the regenerative properties of nerve tissue. For example, young kids can actually regrow an entire amputated fingertip, bone and all, but we gradually lose such capacities as we age.632 The cells that make up the optic nerves that connect our eyes to our brain similarly lose their regenerative properties. With a little Yamanaka factor manipulation, however, the researchers were able to successfully reset the methylation marks to a more youthful state, restoring vision in old mice and rejuvenating human neurons in a petri dish. The cells seemed to have retained a faithful copy of the epigenetic map from earlier in life that could serve as directions to reverse aging.633







METHYLATION CALIBRATION


Increasing our access to exercise, fruits, and vegetables while reducing our consumption of tobacco and meat may help slow aging, as evidenced by a deceleration of the epigenetic clock, but what about directly changing DNA methylation? A lot of things affect methylation patterns, but the modifications are hard to interpret. For example, in one study, a high-fat diet caused widespread DNA methylation changes in men within just five days, affecting more than 6,000 genes that were able to only partially reverse six to eight weeks after the participants returned to their usual diets.634 And, overeating saturated fat causes different methylation changes than overeating polyunsaturated fat, but to what effect?635 We don’t know. Do the epigenetic changes play a role in the ensuing physiological effects, or are they incidental?


We are just starting to tease out the consequences of the epigenetic changes induced by diet and lifestyle. We know now, for instance, that among the consistent methylation differences in vegans compared to omnivores is hypomethylation (less methylation) of a tumor suppressor gene and a gene that encodes a DNA repair enzyme.636 Since methylation silences genes, unmuzzling them may help account for the lower overall cancer rates among those eating plant-based diets.637,638 Similarly, in vegetarians, the superoxide dismutase enzyme is less often methylated. That’s an antioxidant enzyme that can squelch a million free radicals per second.639 The hypomethylation is associated with a threefold increase in the expression of that detoxifying enzyme used to explain the “higher protection against chronic diseases in vegetarians.”640


Beyond tweaking the volume knob of individual genes, there is evidence that large-scale methylation shifts can have health and longevity implications. If you boost the enzyme that actually does the methylating in fruit flies, you can prolong their average lifespan by more than 50 percent. Suppress the enzyme, and you cut short their lifespan. However, this strategy has yet to be shown to work in mammals.641


Human DNA methylation is much more complicated. But the fruit fly findings suggest that increasing global methylation capacity may positively affect longevity.







TURN OVER A NEW LEAF


The nutritional factor most widely studied for its epigenetic effects is folic acid.642 That’s the supplemental form of folate, a B vitamin concentrated in beans and greens that is converted into a methyl donor. (Folate comes from the same word root as foliage—folium, the Latin word for “leaf.”)643 The methyl group that ends up on your DNA may originate from the folate in your salad, for instance, or the folic acid in a supplement or enriched flour. The recommended daily allowance for most adults is 400 micrograms (μg),644 yet the average daily intake of older men and women is less than 300 μg and a third don’t even get 200 μg.645 What are the epigenetic implications?


Postmenopausal women had their folate levels moderately depleted by being placed on a relatively low-folate diet to study the epigenetic effects. Even though folate levels didn’t fall enough to show clinical signs of deficiency (such as anemia), within two months, the subjects suffered a genome-wide DNA hypomethylation across the board. It was reversed within three weeks, though, upon resuming healthy levels of folate intake.646 A subsequent study of even older individuals resulted in the same undermethylation but took longer to reverse, underscoring the importance of maintaining adequate levels in the first place.647


Even without depletion, a meta-analysis of randomized controlled trials of folic acid supplementation using the most sophisticated methods of laboratory analysis found an increase in global methylation, suggesting that most of us may not be getting enough in our diet.648 There’s no real benchmark for a “normal” level of methylation, so terms like “hypomethylation” are used in a relative sense,649 making these changes hard to interpret functionally.650 But, our ancient ancestors ate a lot more leaves. They likely got twice as much folate as we do today,651 so the fact that our body puts the extra methyl group availability to use when we get a bump in folic acid levels suggests to me that our folate status may be suboptimal. This is easy to fix, though. For example, just meet my Daily Dozen recommendations for legumes and dark green leafy vegetables. (Dr. Greger’s Daily Dozen is available as a free app for iPhone and Android.)




Hard as a MTHFR?


So-called MTHFR mutations are a popular scapegoat often used by alternative medicine practitioners652 to prescribe special supplements (that they not-so-coincidentally may also sell) for a variety of common ailments.653 MTHFR is an enzyme our body makes to activate folate. A common variant of the MTHFR gene, which has DNA code letter T rather than the more common C at the 677th position, makes for a less functional enzyme. This can have epigenetic implications, as those who got the T variants from both parents (about 10 percent of the global population)654 have diminished DNA methylation, but only when their folate intake is low.655 If you get enough folate, your methylation levels are the same regardless of whether you have the T variants. Similarly, those with two of the T variant genes may have higher risk of cancer, but, again, it’s only among those not getting enough folate.656 You don’t need a special kind of folate either. The folate in foods and folic acid in supplements and enriched foods are perfectly usable, irrespective of which gene type you have.657


Since everyone should be striving to get enough folate, there is no benefit to routine genetic testing to see which variant you have, which is why major medical organizations in the field recommend against MTHFR testing.658 The only thing you might do differently if you knew you had a double dose of the less functional enzyme is to be especially careful about alcohol intake. Acetaldehyde, the breakdown product of alcohol, can destroy the folate in our body,659 so those with double T variants should consider restricting their consumption to less than one drink a day.660 As everyone should probably be trying to minimize alcohol intake,661 I agree there’s little value in knowing your MTHFR genetics.











FOLIC ACID IS NOT THE SAME AS FOLATE



A review of more than a hundred meta-analyses of population studies shows that those who get more folate in their diet tend to live longer and are protected against cardiovascular disease, several cancers, and a wide range of other chronic diseases.662 But some randomized controlled trials of folic acid supplements found increased cancer risk.663 As I explore in see.nf/folic, the mystery appears to have been solved when scientists figured out that we aren’t rats.


Natural folate isn’t shelf-stable, but there’s an enzyme in our liver that can convert the stable synthetic folic acid found in supplements into an active form of folate in our body.664 The original experiments were done on rats, though, and it turns out that their livers are fifty times more efficient at this conversion than ours,665 so we can end up with unmetabolized folic acid circulating throughout our body,666 which may impair our anticancer defenses.667 For example, randomized controlled trials have shown that men taking folic acid supplements significantly increase their risk of developing prostate cancer. Randomized trials have also found that those taking folic acid supplements for more than three years are more likely to develop colorectal polyps.668 So, natural sources of folate, like beans and greens, may be best, though women who want to get pregnant are still advised to take folic acid supplements, given their proven efficacy for reducing birth defects.669


Beyond food and supplements, the third way to improve your folate status is to contract out some of the production to your microbiome. A folate transporter in our colon appears to be specially designed to absorb folate670 produced by good bacteria like Bifidobacterium when we feed them fiber.671 Increasing your fiber intake can bolster the growth of little folate factories in your gut.




Food for Thought




Our epigenome, characterized by the pattern of DNA methylation, can be thought of as a lens through which our genetic information is filtered.672 Unfortunately, it’s a lens that can become cloudy as it deteriorates with age. Thankfully, epigenetic changes are reversible, so we may be able to polish it back into focus. Caloric restriction, as well as diet and lifestyle improvements, including physical activity, smoking cessation, and shopping more in the produce aisle than at the meat counter, may all slow the epigenetic clock. Getting sufficient levels of methyl-donor nutrients, such as folate, can also affect global methylation capacity.





To help boost this anti-aging pathway, on a daily basis, consider:




	restricting calories by 12 percent, which would be cutting about 250 calories out of a 2,000-calorie diet (e.g., skipping a piece of pie or cake every day)


	meeting the 400 µg recommended daily allowance of folate, which could be achieved with about a cup of cooked lentils or edamame, a cup and a half of cooked spinach or asparagus, or two and a half cups of broccoli, for example
















GLYCATION


You may have heard of the Maillard reaction if you’re a foodie or watch cooking shows. It’s what gives seared steaks, panfried dumplings, toasted marshmallows, or freshly baked cookies their distinctive browned look, feel, and flavor. In 1912, the French chemist Louis Camille Maillard discovered, rather by chance, that mixtures of proteins and sugars turn brown upon heating. In the century since, more than 50,000 scientific papers have been published on this “Maillard reaction,” in which proteins can become irreversibly glycated, or bonded with sugar.673 The same reaction can occur at body temperature, leading to an accumulation of advanced glycation end products (AGEs),674 which we now know are one of the main factors contributing to the aging process.675




ADVANCED GLYCATION END PRODUCTS


If you are diabetic, you’re familiar with HbA1c, a test that measures blood sugar control, reflecting average blood sugar levels over the prior two to three months. The blood test just reflects the percentage of hemoglobin in your blood that has been glycated. (Hemoglobin is the protein in red blood cells that carries oxygen.) The higher your blood sugars are, the more your proteins are glycated. Since red blood cells last about a hundred days, the test gives you a rolling average over that time.676


Diabetes can be diagnosed with an HbA1c of 6.5 percent or higher, meaning 6.5 percent or more of the hemoglobin in the blood has been glycated. A percentage of 5.7 to 6.4 gives a diagnosis of prediabetes, and less than 5.7 is considered normal.677 So, even if you have normal blood sugars, some proteins and other molecules in your body are being irrevocably glycated. This isn’t such an issue for short-lived proteins like hemoglobin, which are rapidly recycled and created anew, but what about long-lived proteins, like the crystallins in the lens of your eye?678


Hemoglobin’s half-life, the rate at which half gets renewed, is about fifty days. The collagen in your skin has a half-life of more like fifteen years,679 and the half-life of collagen in the intervertebral discs in your spine is estimated to be at least ninety-five years. Similarly, elastin, another connective tissue protein, is formed in infancy and has to last your whole lifespan. Glycation causes proteins to cross-link together, which stiffens our tissues—most critically, our arteries and the heart muscle itself. This impaired elasticity can result in high blood pressure, peripheral artery disease, heart disease, and even cancer. (Stiffness of breast tissue is associated with an increased risk of cancer.)680 The acronym for advanced glycation end products was chosen intentionally, to emphasize their role in the aging process.681




RAGE OUT OF CONTROL


There are AGEs and then there’s RAGE. Advanced glycation end products not only stick our proteins together, they trigger chronic, systemic inflammation. In the search for the mechanism for this response, researchers discovered receptors for AGEs in our body that spark the inflammatory cascade and named them RAGE: receptors for advanced glycation end products.682 RAGE can function as a master switch. When AGE sparks RAGE, a whole host of inflammatory genes are triggered, along with a promotion of further RAGE expression, which leads to a vicious, cyclical feedback loop that can have profound pathological effects.683


As AGEs accumulate in our bones, joints, and muscles, they may contribute to osteoporosis, arthritis, and muscle wasting, the weakening, shrinking, and loss of muscle mass with age.684 AGEs are implicated in age-related memory decline, impaired wound healing, skin aging, cataracts, Alzheimer’s disease, and erectile dysfunction (where the stiffening of penile arteries evidently results in penile unstiffening).685 AGEs have been found to adversely affect virtually all tissues and organs.686 As one pathologist put it, “It is hard to find an age-related disease that AGEs are not involved.”687


The toxicity of AGE accumulation is underscored by the number of defense mechanisms our body employs to prevent their formation.688 Once they have been formed, though, they’re hard to get rid of, so they gradually accumulate and wreak havoc.689 Over five to six decades, AGE levels in our tissues roughly double.690 The reason this is seen as not only a marker of aging but an active driver of the aging process is that AGE inhibitors have been shown to extend the lifespan of model animals, whereas AGE augmentation can cut lives short.691 The preferred laboratory animal model of accelerated aging uses galactose (a major breakdown product of the milk sugar lactose)692 to fast-track AGE accumulation.693 Across the animal kingdom, the slower the rate of AGE formation, the longer species tend to live. The bowhead whale, for example, who, by living more than two centuries, is probably the longest-living mammal, has exceptionally low rates of AGE accumulation.694 How can we best keep our levels low?


AGE formation is heat-dependent. At body temperature, the Maillard reaction is exceedingly slow, taking weeks, months, or even years to generate sugar-protein cross-linking.695 Imagine what would happen if our body, instead of an internal temperature of about 100oF (38oC), hit 200oF, 300oF, or 400oF (93oC, 149oC, or 204oC)? That’s what happens when we put meat in the oven. Calling the yellowish then brownish discoloration of cataracts the “AGE food colors of roasted turkey”696 is not just poetic license. The same AGEs that cloud the pristine clear quality of the lens proteins in your eyes over a period of decades can be formed within minutes on the stove.697 The burden of AGEs in our tissues appears to be less a matter of how much we make and more a matter of how many AGEs we eat.698







DIETARY AGE SOURCES


About a million years ago, our ancestors harnessed fire.699 When muscle cells are exposed to the high temperatures of flames, they rupture and out spill highly reactive amino acids that combine with blood and body sugars to form AGEs.700 Like us, animals we eat also have AGEs naturally in their tissues, but high-heat cooking can radically ramp up production.701 Different cooking methods expose tissues to different amounts of heat and moisture. Poached or steamed chicken, for example, had less than one-fourth of the AGEs of roasted or broiled chicken that had been prepared in drier conditions and at higher temperatures.702


Research on rats performed in the 1970s found that diet-derived AGEs weren’t absorbed very well, so dietary sources were dismissed as irrelevant—that is, until a quarter century later, when AGE absorption was finally tested in people.703 The landmark paper, published in the Proceedings of the National Academy of Sciences, demonstrated that diet-derived AGEs were indeed absorbed into the human body.704 Further research showed that dietary AGEs contribute more to the toxic pool of AGEs in our body than our own endogenous production. In other words, our AGE exposure is more from what we eat than what we make.705 As a result, dietary AGEs have emerged as a burning concern in the food industry.706 The investigators suggest eliminating high-AGE foods and high-AGE cooking methods to reduce the body’s burden of these toxins.707


Researchers got to work testing AGE levels in more than five hundred foods, everything from Big Macs and Hot Pockets to Frosted Flakes and Pop-Tarts.708 They identified the highest levels in “high-heat-treated meat” and, more generally, in “[a]nimal-derived foods that are high in fat and protein,” and determined that the lowest levels are found in vegetables, fruits, whole grains, and milk709,710 (with the exception of dairy milk–based infant formula Enfamil, which has nearly a hundred times more AGEs than human breast milk).711 Meat averages about 20 times more AGEs than highly processed foods like breakfast cereals and about 150 times more than fresh fruits and vegetables. Poultry was the worst, containing about 20 percent more AGEs than beef in general.712


Based on the most extensively cited713 AGE food database,714 which includes hundreds of nonmeat items, the majority of the top fifteen single most AGE-contaminated sources per serving were poultry products, led by oven-fried chicken breast.


Researchers were rather surprised that high-fat and protein-rich foods created more AGEs than starchy and sugary high-carbohydrate foods.715 After all, AGEs are called “glycotoxins” for a reason.716 They involve glycation reactions, like the Maillard reaction I mentioned earlier in which sugars bind to proteins. Sugars alone can brown at high heat in a way that may superficially look, smell, and taste similar to products of the Maillard reaction, but that’s the result of an entirely different chemical process called caramelization. By definition, Maillard reaction AGEs are created only when amino acids from proteins are involved.717 For a deeper dive into other AGE rankings, see see.nf/agerank.







HOW TO REDUCE TOXIC AGE INTAKE


Most of the largest AGE food databases used a single AGE (carboxymethyllysine) as a marker for total AGE content,718 but more than forty individual AGEs have been identified719 and not all of them are toxic.720 Some may even be beneficial. A component in roasted coffee beans called melanoidin, for example, may even act as an antioxidant.721 AGEs from animal-derived foods appear to produce more toxic effects than AGEs from plant-derived foods.722 Not only may plant foods average thirty times fewer AGEs; even if you expose proteins to the same amount of AGEs from plant versus animal sources, there are twenty-five times fewer cross-linkages and forty times fewer when compared to poultry AGEs. Plant-derived AGEs also produce less inflammation and fewer free radicals.723 The AGEs created by the curing of tobacco may be an exception, as the AGEs from cigarettes are implicated in the deleterious effects of smoking.724


Even without cutting down on meat, you can significantly cut down on AGE intake by using different cooking methods. High dry-heating methods create the most AGEs, with oven-frying meat worse than deep-frying, which is worse than broiling, which is worse than roasting. Given that there is no threshold temperature, the general recommendation is that the lower the heat, the better when it comes to combating AGE generation.725 The safest ways of cooking meat are lower temperature moist methods, such as boiling, poaching, stewing, and steaming.726 Boiled beef has three times fewer AGEs than broiled beef,727 boiled chicken has five times fewer AGEs than broiled chicken, and boiled eggs have nearly six times fewer than fried eggs. Microwaving from scratch is also relatively safe, found to be on par with boiling.728


Much of the focus on reducing dietary AGEs has to do with these kinds of culinary changes.729 Cooking methods do matter. A raw apple has three times fewer AGEs than one that’s been baked, and a boiled hot dog has less than one that’s been broiled. But don’t lose perspective: A raw apple has 13 units of AGEs compared to a baked apple’s 45 units, while a boiled hot dog has 6,736 units compared to a broiled hot dog’s 10,143. So, a baked apple still has 150 times fewer AGEs than a boiled frankfurter,730 and vegetables, even when grilled, have but a fraction of the AGEs of raw meat.731


Researchers recommend cooking meat using moist-heat methods like steaming or stewing, but even boiled fish has in excess of ten times more AGEs than a sweet potato roasted for an hour. Even deep-fried potatoes have less than boiled meat. The researchers concluded that daily AGE intake could realistically be cut in half just by modestly reducing meat intake.732


Marinating meat with an acidic ingredient, like lemon juice or vinegar, before cooking can significantly decrease the amount of dietary AGEs produced.733 This works with both broiling and boiling. Boiling chicken with lemon may decrease AGE content by 15 percent compared to boiling in water alone.734 Another way to cut down on AGE absorption is to reduce fat content. A high-fat meal increases blood levels of AGEs more than a low-fat meal with the same AGE content and prepared with nearly the same foods but, for example, with reduced-fat cheese in place of a full-fat variety.735







CASTING LIGHT ON AGEs


What evidence do we have that cutting down on dietary AGEs will benefit us? Population studies have found that those with elevated AGEs in their blood are at greater risk for anemia, artery and cartilage stiffness, cardiovascular disease, chronic kidney disease,736 osteoarthritis,737 and osteoporosis,738 but most of the studies have focused on the adverse effects of AGEs on our muscles, mortality, and minds. For a run-through, see my video see.nf/ages.


There’s a noninvasive way to assess the accumulation of AGEs over time that circumvents the problem of the day-to-day variability in blood levels based on the curious fact that some AGEs that build up in our skin are fluorescent.739 Using a special detector, long-term AGE exposure can be correlated with frailty,740 premature death,741 and accelerated brain shrinkage.742 In the influential paper “Oral Glycotoxins Are a Modifiable Cause of Dementia … [in] Humans,” the reduction of food-derived AGEs is suggested as a feasible, effective strategy to combat our dementia epidemic.743


AGEs may help explain why those who eat the most meat were found to have triple the risk of becoming demented compared to longtime vegetarians,744 but other factors may be contributing. For example, high intake of saturated fat, found mostly in meat, dairy, and junk food, is associated with a 40 percent increased risk of cognitive impairment and a nearly 90 percent higher risk of Alzheimer’s disease.745 Even just a few days on a high-fat, low-carb diet has been shown to cause cognitive dysfunction.746 There is a problem with all these studies, though. Maybe the correlation between AGEs and chronic disease is just a correlation between high-AGE foods like processed meat and chronic disease. The only way to prove cause and effect is to put it to the test through interventional trials.







THE AGE DIET TRIALS


Journal articles with titles like “Extended Lifespan in Mice Exposed to a Low Glycotoxin Diet”747 exemplify the studies that show that lowering dietary AGE intake can improve longevity, whereas increasing AGE intake can impair learning and memory,748 as well as cut lives short in rodents749 and other model animals.750 In one study, for instance, while 76 percent of the mice fed a low-AGE diet lived at least fifty-six weeks, not a single one of the mice fed an AGE-rich diet survived after forty-four weeks.751


The negative effect of AGEs is so great it can even trump the benefits of calorie restriction. While lifelong calorie restriction predictably prolongs the lifespan of mice, when they’re fed high-AGE food pellets, they not only die sooner than mice eating regular chow but they also do worse in every category tested—inflammation, oxidative stress, insulin resistance, and marked heart and kidney fibrosis (scar tissue buildup).752 The benefits of reducing food quantity can be undone by reductions in food quality. We’ll see this in the next chapter, where the well-being enjoyed by members of the Calorie Restriction Society may be constrained by their relatively high protein intake.


I review the human AGE trials in see.nf/agetrials, but basically, a single meal of broiled chicken causes a “profound impairment” of artery function within hours compared to eating the same amount of boiled chicken. Boiled chicken still impaired arterial function, but significantly less than when the chicken was broiled.753 This difference was attributed to AGEs, but other heat-generated toxins are also created when meat is cooked, such as heterocyclic amines, which originate mainly from the creatine in the muscle, so it’s impossible to say with absolute certainty what caused the difference.754










GLYCEMIC LOAD


Even though the majority of AGEs in the body come externally through our diet, AGEs are also formed internally. This normally happens at a slow, continuous rate, but it is sped up in the context of high blood sugars.755 In my previous books, I explore the prevention, arrest, and reversal of prediabetes and type 2 diabetes. However, even people with normal fasting blood sugars can get spikes that are too high after eating meals with a high glycemic load.




TAKE A LOAD OFF


In my Low Glycemic Load chapter in How Not to Diet, I take a deep dive into the impact different carbohydrate-rich foods have on our blood sugars, focusing on a measure called glycemic load. The higher the glycemic load, the higher our blood sugars tend to spike when we eat them. Here’s a breakdown of some common sweet and starchy foods:756
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PUTTING LOWER-GLYCEMIC EATING TO THE TEST


In the boiled versus broiled chicken study, even the boiled chicken meal led to some artery dysfunction, whereas a low-glycemic, high-fiber meal can actually improve artery function in the subsequent four hours after consumption.757 Like AGE studies involving meat reduction, though, it can be difficult to separate out the specific effects of glycemic changes. Many high-glycemic foods are fiber-depleted and highly processed, so you’re doing more than just changing glycemic load when you swap them out for beans, fruits, or other low-glycemic foods.758 A constant challenge with diet studies is that it’s hard to change just one thing. It’s simple with drug trials because researchers can just give the drug or a sugar pill. Then, if there’s a change, they know it was caused by the drug. If only we could somehow stuff a change in glycemic load into a pill. Well, it turns out, we can.


The drug acarbose partially blocks our starch- and sugar-digesting enzymes in the digestive tract, which slows carbohydrate absorption into our body.759 When we take the drug with a meal, a high-glycemic meal is effectively transformed into a low-glycemic one—without changing the foods at all.760 Acarbose is how researchers were able to show that lowering dietary glycemic load leads to weight loss independent of fiber intake,761 and it can do the same with AGE reduction.


Acarbose has been shown to lower blood AGE levels in diabetics by about 30 percent within twelve weeks.762 No wonder acarbose has been found to improve the healthspan and longevity of mice, increasing their maximum lifespan by about 10 percent. As drugs go, acarbose has an outstanding safety record.763 However, flatulence, bloating, and diarrhea are commonly reported.764 We can reap the upsides of the drug without its downside side effects by simply choosing lower glycemic load carbs, such as legumes (beans, chickpeas, split peas, and lentils), fruits, and intact whole grains.







BE FULL OF BEANS


By 1980, it had already been shown that beans cause an “exceptionally” low blood sugar response, half that of other common foods.765 But two years later, an extraordinary discovery was published: Legumes can benefit your metabolism hours after consumption766 or even the following day. If you eat lentils for dinner, your body reacts differently to breakfast eleven hours later.767 Even if you drink straight sugar water the next morning, your body is better able to handle it if you had lentils the night before. Researchers initially dubbed it the “lentil effect,” but when subsequent studies found that chickpeas appeared to work, too, they changed the name to the “second meal effect.”768


How does it work? We scratch our gut bacteria’s backs, and they scratch ours. Good gut flora take fiber we eat and produce short-chain fatty acids for us that get absorbed into our bloodstreams and circulate throughout our systems. So, if we eat a bean burrito for dinner, by morning, our gut bacteria are eating that same burrito and the by-products they create may affect how we digest our breakfast. This helps explain why diabetics randomized to a cup a day of beans, chickpeas, or lentils successfully improved their blood sugar control.769







WHY NOT JUST A LOW-CARB DIET?


Contrary to popular belief, eating a piece of fruit with a meal would be expected to lower, rather than raise, our blood sugar response,770 which is why type 2 diabetics are no longer encouraged to restrict fruit intake.771 A half dozen randomized controlled trials swapped in fruits for other foods, like higher glycemic carbs, and found, on average, a significant improvement in blood sugar control.772 In fact, those who eschew fruits and go on a ketogenic diet to lower blood sugars may actually make things worse in the long run.


Those going on ketogenic diets may nearly quadruple their saturated fat intake,773 and saturated fat can impair the action of the blood sugar–lowering hormone insulin. We’ve known for nearly a century that a high-fat diet can double blood sugar reactions to the same carbohydrate challenge within a matter of days.774 Even a single meal can do it. Eating a stick of butter,775 for example, or drinking a milkshake can dramatically increase insulin resistance within hours.776 But, what if keto dieters stick with the program and avoid carbohydrates to stay in a state of ketosis? AGE levels can skyrocket.


One reason diabetics suffer nerve and artery damage is due to methylglyoxal, an inflammatory metabolic toxin that forms at high blood sugar levels. Methylglyoxal is the single most potent creator of AGEs.777


Since AGEs are concentrated in high-fat and high-protein animal-based foods, it makes sense that we’d expect high exposure to preformed ones on a keto diet. Similarly, it follows that we’d expect less internal, new AGE formation due to presumably low levels of methylglyoxal, given low blood sugars.778 Surprisingly, Dartmouth researchers found more methylglyoxal. After just two to three weeks on the Atkins diet, subjects had a significant increase in methylglyoxal levels and those in active ketosis did even worse, experiencing a doubling of glycotoxin in the bloodstream.779


High sugars may not be the only way to create methylglyoxal. One of the ketones you make on a ketogenic diet is acetone. Sound familiar? It’s a primary ingredient in nail polish remover. But acetone does more than strip paint and make keto dieters develop “rotten apple breath”780 and fail Breathalyzer tests.781 It can oxidize in the blood to acetol, which may be a precursor for methylglyoxal. This may be why nondiabetic keto dieters can end up with methylglyoxal levels as high as those with uncontrollable diabetes.782




What About Natural and Artificial Sweeteners?


When people were randomized to drink beverages sweetened with aspartame, monk fruit, or stevia instead of sixteen spoonsful of sugar783 (the amount of added sugar in a 20 oz bottle of Coke784), they were all found to be equally bad when it came to calorie intake, blood sugars, or insulin spikes throughout the day.785 Similar results were found for Splenda (sucralose).786 How is that possible? The mystery is solved in my video see.nf/sweeteners.










HOW TO REDUCE THE GLYCEMIC IMPACT OF GRAINS


In my Wall Off Your Calories chapter in How Not to Diet, I explore how the same foods in different forms can have different effects. Steel-cut oatmeal is considered to be a low-glycemic-index food, averaging under 55, whereas the glycemic index of instant oatmeal is 79, which makes it a high-glycemic-index food. Instant oatmeal isn’t as bad as some breakfast cereals, though, which can get into the 80s or 90s—even zero-sugar cereals like shredded wheat.787 How can this be? Modern industrial methods used to manufacture breakfast cereals, like explosion puffing and extrusion cooking, accelerate starch digestion and absorption, which cause exaggerated blood sugar responses.788 Shredded wheat and spaghetti have the same ingredients—straight wheat—but shredded wheat has twice the glycemic index.789


From a glycemic-index standpoint, breads made from sprouted grains790 with added cracked wheat,791 whole wheatberries,792 or rye berries,793 or made with stone-ground flour are preferable.794 If you simply just can’t live without white bread, toasting it,795 using sourdough fermentation if you bake your own,796 and freezing and defrosting it all lower the blood sugar response.


When starch is cooked, then cooled, some of it crystallizes into “resistant” starch—starch that is resistant to being broken down into sugars by the enzymes in our digestive tract, which lowers its glycemic impact.797 This is why pasta salad can be more healthful than hot pasta, and potato salad better than a baked potato. Some grains—notably sorghum798 and millet—inherently contain resistant starch, resulting in a 20 to 25 percent lower blood sugar response compared to other grains, such as rice,799 wheat,800 or corn.801







HOW TO REDUCE THE GLYCEMIC IMPACT OF POTATOES


If you look at most whole plant foods—legumes, nuts, vegetables, and fruits—increased consumption is associated with living a longer life, with about 25 percent less chance of dying prematurely from all causes put together. There appears to be no such protective association with white potatoes, though. Now, potatoes aren’t like meat, which may actively shorten your life, but there is an opportunity cost to eating white potatoes, since every bite of a potato is a lost opportunity to put something even more healthful into your mouth that may actively make your life longer.802


The reason the consumption of white potatoes may just have a neutral impact on mortality risk is that their fiber, vitamin C, and potassium might be counterbalanced by the detrimental effects of their high glycemic index.803 Can we have our potatoes and eat them, too, by somehow lowering their glycemic index? There is that cool crystallization trick. By consuming potatoes as chilled potato salad, for instance, it’s possible to get nearly a 40 percent lower glycemic impact. To minimize the glycemic index of potatoes, simply precook them and either eat them cold or reheated in the microwave.804 (I call it the nip-and-nuke method.) The vinegar in that potato salad may even have an additional benefit.








STRIKE A SOUR NOTE


Randomized controlled trials involving both diabetic and nondiabetic subjects suggest that blood sugar control may be improved by adding two teaspoons of vinegar to a meal, effectively blunting the post-meal blood sugar spike by about 20 percent.805 So, the effects of these high-glycemic foods may be blunted by adding vinegar to rice (like the Japanese do to make sushi) or dipping bread in balsamic vinegar, for example. The combination of chilling before eating and adding vinegar to make potato salad was found to have an additive effect.806 See see.nf/lemony for a comparison to the effects of lemon juice.







SPICE THINGS UP


As you can see in the Glycemic Load Per Serving chart (see here), the simplest way to stick to a lower glycemic diet is to try to stick to foods that were grown, not made. If you are going to eat high-glycemic foods, vinegar isn’t the only way to help blunt the blood sugar surge. For example, if you eat berries with your meals, they can act as starch blockers by inhibiting the starch-digesting enzyme.807 This then slows the absorption of blood sugars into your system. So, if you’re preparing a high-glycemic breakfast, add blueberries to your pancakes or top your bowl of Franken Berry with actual berries.


On the other end of the culinary spectrum, onions can do the same thing. When subjects downed about three tablespoons of corn syrup, their blood sugars shot up over the next hour and a half from their baseline of about 90 mg/dL up to around 130 mg/dL before their bodies were able to tamp them back down. However, when they ate a quarter of an onion with that corn syrup, their sugars only went up to about 115 mg/dL.808 After eating a whole onion, their blood sugars only reached 105 mg/dL, and two onions resulted in only about a five-point increase to 95 mg/dL. Simply by eating onions, their blood sugars hardly went up at all, similar to what one might experience on an antidiabetes drug.


Spices can also be helpful. An Indian curry with 6 g of spices (about one tablespoon) cut the blood sugar response to white rice by 19 percent, compared to no added spices, and 12 g of spices cut the glycemic impact by 32 percent.809 You can also drink your spices. Have some ginger tea with two slices of refined flour white bread, and you drop the bread’s glycemic index by nearly 30 percent. Cinnamon tea works even better, with nearly a 40 percent drop in glycemic response. Even regular unsweetened green tea cuts the glycemic impact by about 20 percent.810 Of course, not eating white bread in the first place would work even better.


What about drinking herbs? Chamomile is one of the most widely used medicinal plants in the world—and for good reason.811 When type 2 diabetics drank a small cup of chamomile tea after their meals for a few months, they got significant improvement in long-term blood sugar control compared to drinking the same volume of warm water812 or when pitted head-to-head against black tea.813 And the side effects? All good—lower LDL cholesterol and triglycerides,814 a decrease in inflammation,815 and improved sleep, mood,816 and antioxidant status.817 Chamomile tea and green tea appear to share the same mechanisms for blood sugar control: blocking the transport of sugars through the intestinal wall.818




Slave to the Rhythm


In my Chronobiology chapter in How Not to Diet, I explore how our ability to keep our blood sugars under control deteriorates as the day progresses.819 Thanks to our circadian rhythm, a meal eaten at 8:00 at night can cause twice the blood sugar response as an identical meal eaten at 8:00 in the morning.820 Even eating lunch earlier, rather than later, can make a significant difference.821 So, if you simply have to have refined grains and sugary foods, giving in to your craving might be less detrimental in the morning.822










WALK IT OFF


Since active muscles can siphon off excess blood sugars, exercise timing can complement meal timing. When type 2 diabetics were randomized to a leisurely twenty-minute stroll (about 2 mph) either before or after dinner, researchers found that after-dinner walking can comparatively blunt blood sugar spikes by 30 percent.823 Thanks to some tactical timing, the same meal and the same amount and intensity of exercise can give us a significant bonus effect on blood sugar control. Exercising after a meal can bring down blood sugars just as effectively as some blood sugar–lowering drugs,824 and even just a short ten-minute walk after eating may make a difference.825 See my Exercise Tweaks section in How Not to Diet for specifics on optimal timing.




Food for Thought




AGEs are considered “gerontotoxins,”826 meaning aging agents (from the Greek geros for “old age,” as in geriatric), and are implicated in a wide spectrum of age-related diseases. In a sense, we are all slowly being cooked alive. AGEs are formed endogenously at body temperature, especially with high blood sugars, but their buildup in our tissues is largely determined by the AGEs we eat (or smoke), which are formed at much higher temperatures when some foods are cooked at high heat (or tobacco is cured).





Rather than addressing dietary change, however, the medical field has focused on inventing drugs to combat AGEs. Lifestyle approaches are said to have “zero commercial value,”827 and an argument is made that “stewed chicken would be less tasty than fried chicken.…”828 Why not have your KFC and eat it, too, by taking Kremezin, the drug that blocks AGE absorption every time you eat to reduce the absorption of the toxins?829 It turns out the drug is just a preparation of activated charcoal,830 like what’s used for drug overdoses and when people are poisoned. I’m sure chasing your KFC with some ipecac would lower your AGE levels, too! A safe level of dietary AGE intake has yet to be established, but animal studies show even cutting intake just by 50 percent can lead to a longer life.831


The best way to reduce absorption of AGEs is to reduce your exposure in the first place.


To help slow this aging pathway, on a daily basis, consider:




	stopping smoking832



	avoiding the very worst foods, such as bacon and hot dogs833



	eating an “AGE Less” diet by emphasizing lower AGE foods, such as fruits and vegetables834



	cooking high-protein foods using relatively low heat and high humidity methods, such as boiling or steaming rather than broiling or frying


	favoring raw nuts and seeds over roasted or toasted


	choosing lower-glycemic-load foods



















IGF-1


A major breakthrough in our thinking about aging happened in the early 1990s. Aging was generally considered to be a hopelessly intractable problem.835 We just wear out, the thinking went, in a haphazard and passive process of wear and tear. Then, in 1993, a single genetic mutation was found to double the lifespan of C. elegans,836 the roundworm oft used in aging research. Instead of all worms being dead by thirty days, some lived for sixty days or longer in one experiment. As principal investigator Cynthia Kenyon recalled, the “mutants were the most amazing things I had ever seen. They were active and healthy and they lived more than twice as long as normal. It seemed magical but also a little creepy: they should have been dead, but there they were, moving around.”837


This lifespan extension was the largest reported to date in any organism. These Methuselahian worms were touted as medical marvels, “the equivalent of a healthy 200-year-old human,”838 all because of a single mutation. That was particularly surprising. Presumably, aging is caused by multiple processes affected by many genes. How could knocking out a single gene double lifespan?




DON’T GEAR THE REAPER


What is this so-called Grim Reaper gene—one that so accelerates aging that, if it’s knocked out, the animals live twice as long? It is the worm equivalent of the receptor to human insulin-like growth factor 1 (IGF-1),839 a potent growth hormone structurally similar to insulin. Mutations of that same receptor in humans may help explain why some people live to be a hundred and others don’t.840 It was a stunning discovery, the first life-extension pathway to be defined. We learned that aging is controlled by hormone signals conserved evolutionarily from tiny worms all the way up to us.841


Interference with the signaling in the IGF-1 pathway has since been shown to extend the lives of a variety of species.842 Mice that have had IGF-1 disrupted live 42 to 70 percent longer.843 Marveled Kenyon, “Some of these long-lived mutants are breathtaking; in human terms, they look like forty-year-olds when they are actually eighty or even older.” The dialing down of growth-hormone signaling is thought to shift the body’s priorities from growth to maintenance and repair, thereby extending survival.844 The decline in IGF-1 levels as we get older may even be nature’s way of sustaining us into old age.845







CENTENARIAN SECRETS


The majority of long-lived rodent models have lower levels of IGF-1.846 What about people? Centenarian humans have lower IGF-1 levels in their blood, but is it cause or effect? IGF-1 levels decline as we age, so did the growth hormone cause centenarians to live long lives, or did living long lives cause the low IGF-1 level?847 It’s not as if you can compare them to controls of the same age who aren’t centenarians. This led researchers to look at the IGF-1 levels of the offspring of centenarians so they could compare them to age-matched controls, and, indeed, the children have lower IGF-1 levels, too.848 This suggests that lower IGF-1 levels may have given the centenarians the advantage.


Hundreds of different common human genetic variants have been studied, and this same pathway consistently implicated in extending lifespans in other animals is the very one associated with longevity and reduced risk of the major causes of death.849 There is a single IGF-1-lowering gene variant that adds as much as ten years or so to life expectancy if you inherit it from both parents.850


Those lucky enough to be born with genetically lower IGF-1 levels are more likely to live to be nonagenarians.851 Then from age ninety, low IGF-1 levels852 and activity853 have been found to subsequently predict their future survival. Interestingly, there are two mutations linked to centenarianism in Ashkenazi Jews—my heritage—that lead to elevated IGF-1 levels, but the mutations are in the IGF-1 receptor, so the elevated levels are presumably due to their body’s futile attempt to overcome the enfeebled receptor.854 Either way, the dampening of IGF-1 signaling appears to be a human-longevity mechanism.855


Is it just the luck of the draw whether we’re born with good genes? Regardless of what our genetically determined baseline level of IGF-1 activity is, we can ramp it up or tamp it down, depending on what we eat.




The Taller Live Shorter


Dog lovers may know that smaller breeds tend to live longer than larger ones.856 Tiny toy poodles average nearly twice the lifespan of the Great(est) Dane.857 This makes sense when you realize that a major determinant of the difference in breed size is IGF-1.858 The same phenomenon is observed in other species.859 Asian elephants are smaller than their African cousins and typically live longer, and smaller horses, rodents, and cows generally outlive larger ones, too. What about people?


Bigger used to be better. Taller height was once an indicator of socioeconomic status and superior childhood living conditions, which translated into improved longevity.860 However, now that relatively few kids are stunted by malnutrition, that baseline welfare allows inborn factors to shine through. These days, shorter stature predicts a longer lifespan.861 In fact, this may help explain the gender differential in life expectancy. Men, on average, are about 8 percent taller than women and have about an 8 percent shorter lifespan.862


The relationship between a taller stature and a shorter life is driven mainly by increased cancer rates. That could help explain why, in general, men have more than a 50 percent increased risk of developing cancer compared to women.863 Each additional inch in height is associated with about a 6 percent increased risk in dying from cancer.864 This could just be because bigger people simply have more cells to potentially turn malignant.865 After all, those with more skin might have a greater chance of developing skin cancer.866 But the connection between height and cancer could also be because of cancer-promoting growth hormones like IGF-1.867


The Ashkenazi centenarians with the IGF-1 mutation were, on average, about an inch shorter, but the difference in height was not statistically significant.868 This suggests we may be able to enjoy all the longevity benefits of dampening IGF-1 while still having a shot at the NBA.










CANCER BOOSTER


Each year, you are reborn. You destroy and create anew nearly your entire body weight in cells every year. About fifty billion of your cells die each day, but about fifty billion new cells are born.869 Of course, there are times that you need to grow, such as during infancy or puberty, but your cells don’t grow in size as you mature—they grow in number. As an adult, you may have around forty trillion cells, four times more than when you were a child.


During periods of growth like puberty, you need a net growth of cells, creating more than you retire, but that’s not the case in your later years. Of course, you still need your cells to grow and divide, but extra cell growth in adulthood can mean the development of tumors.


How does your body maintain its balance? It sends hormones—chemical signals—to all your cells. IGF-1 is one of those key signals for regulating cell growth. When you’re a child, the growth hormone’s levels go up to power your development, but they decline when you reach adulthood, cueing your body to stop producing more cells than it puts out to pasture.


If your IGF-1 levels stay elevated after you’re old enough to vote, your cells will continue to get the message to continue to grow and divide. As you might expect, the higher the IGF-1 in your bloodstream, the higher your risk for developing some cancers, such as breast,870 colorectal,871 and prostate.872 (That doesn’t seem to be the case, though, with lung,873 ovarian,874 or pancreatic cancer.875) In the Harvard Nurses’ Health Study, premenopausal women younger than fifty in the upper third of IGF-1 levels had nearly five times the risk of developing breast cancer compared to those in the lower third.876 In fact, before there was successful chemotherapy, surgeons would treat advanced breast cancer cases by not only removing the ovaries but operating on the brain to remove the patient’s pituitary gland, which orchestrates growth hormone production in the body.877


Those with a tendency to have lower IGF-1 levels are less likely to get cancer in the first place,878 and cancer survivors with lower levels are more likely to survive longer.879 It’s not the original tumor that tends to kill you; it’s the metastases.880 As a growth factor, IGF-1 doesn’t just make tumors grow;881 it helps cancer cells separate from the main tumor, infiltrate surrounding tissues, and invade the bloodstream.882 IGF-1 is what helps breast cancer get into the bone,883 liver, lung, brain, and lymph nodes.884 It’s involved every step of the way, facilitating the transformation of normal cells into cancer cells to begin with, then nurturing them to survive, proliferate, self-renew, grow, migrate, invade, and, finally, stabilize into new tumors. It even helps new tumors hook up their blood supply.885


Centenarians, however, seem to be endowed with a peculiar resistance to cancer.886 As you age, your risk of developing and dying from cancer grows every year—until you hit eighty-five or ninety. Interestingly, that’s when your cancer risk begins to drop.887 At age sixty-five, we are a hundred times more likely to have a tumor than we are at age thirty-five, but if you don’t get a cancer diagnosis by a certain age, you may never get one.888 Centenarians appear ten times less likely to die from malignant tumors than people in their fifties and sixties (4 percent versus 40 percent, respectively).889 What appears to account, at least in part, for this relative resistance to cancer among centenarians? Less IGF-1.890 So, lowering IGF-1 activity could have the dual benefit of decreasing cancer risk while increasing longevity.




Cancer-Proofing Mutation


The primacy of IGF-1’s role in tumor biology is demonstrated by a natural experiment involving a genetic defect that causes severe, lifelong, IGF-1 deficiency called Laron syndrome. The first case of this syndrome was reported in the Israel Journal of Medical Sciences,891 but the largest affected population is in a remote area of Ecuador.892 Jews fleeing the Spanish Inquisition in the fifteenth century escaped to South America and brought the gene mutation with them, causing this disparate geographic distribution.893


Lifelong IGF-1 deficiency not only gives people with Laron syndrome a small stature but it also appears to make them effectively cancer-proof.894 Only a single case of (nonlethal) cancer was described among nearly five hundred affected individuals.895 That’s a cancer rate one hundred times lower than people without Laron syndrome, and without a single cancer death.896 Most malignant tumors are covered in IGF-1 receptors. Without any IGF-1 around, the tumors may not be able to grow and spread.897


When we’re kids, we need growth hormones to grow, but what if, as a child, we could get all of the growth hormones we needed to grow to a typical height and then downregulate hormones like IGF-1 once we reach adulthood? Turning off excess growth signals could potentially keep our cellular life-and-death balance sheets balanced to prevent cancer and settle us into repair-and-maintenance mode to prolong our lives. It turns out that we can do just that. We can suppress IGF-1 activity—not with surgery or medication but through simple dietary choices.










HOW TO REDUCE IGF-1 LEVELS WITH DIET


Unsurprisingly, drug companies have come up with a variety of IGF-1-blocking chemo agents, including ones with cute names like figitumumab and not-so-cute side effects like “early fatal toxicities.”898


How can we reduce IGF-1 levels naturally?


Complete fasting can do it. Consuming nothing but water for five days can temporarily cut your levels in half.899 (Don’t try this at home, though. See here.) This is why cancer patients often fast for a few days before and after chemotherapy. The reduction in IGF-1 makes cancer cells more vulnerable to being killed off. How do we know that the fasting benefit is due to the IGF-1 reduction? Because restoring IGF-1 eliminates the starvation-induced vulnerability of cancer cells.900


Fasting is the poster child of unsustainability, though. If you fast long enough, you’re guaranteed to stop aging—because you’ll be dead. Avoiding the finality of long-term fasting fatality is the impetus behind creating fasting-mimicking diets designed to lower IGF-1 levels by eliminating the key dietary component that drives them up to begin with: animal protein.901


In rodents, calorie restriction alone reduces IGF-1 levels,902 but in humans, unless protein consumption is also reduced, even severe caloric restriction doesn’t work. Researchers were only able to get subjects’ IGF-1 levels to budge after the protein intake of calorie-restriction practitioners was cut from typical American quantities down closer to the recommended daily allowance.903


At intakes far exceeding recommended consumption, protein from plants and animals equally raises IGF-1 levels,904 but at more reasonable levels, animal protein appears to be the main culprit. Men905 and women who avoid meat, egg, and dairy proteins have significantly lower IGF-1 levels even when moderately exceeding protein recommendations.906 When people switch to a plant-based diet, their IGF-1 levels can drop significantly in less than two weeks.907 However, just adding more plant foods,908 cutting out meat,909,910 or switching to fish may not help.911,912 It’s not all or nothing, though. A study of women carrying the BRCA mutation who are at high risk for breast cancer found that IGF-1 levels could be lessened by simply reducing, but not completely eliminating, animal product consumption across the board.913


Even a single serving of chicken breast a day would be expected to significantly raise IGF-1 levels in the blood.914 When it comes to aggravating IGF-1, chicken may be worse than beef, but that’s based on rat studies and has yet to be tested in people.915 More than a half dozen randomized controlled trials have shown that dairy consumption increases IGF-1 in as little as a week.916 Perhaps the strangest was a study out of Denmark in which IGF-1 levels were lowered successfully by switching people from two-thirds of a gallon of milk every day for ten days to two-thirds of a gallon of Coca-Cola.917 I do believe that’s the only study where people show a benefit from drinking twenty-five liters of Coke!


The relationship between milk consumption and IGF-1 is so consistent that the link has reached a P value of 10-27.918 In science, P value refers to the chance of getting a result that extreme if in fact there really was no such effect. It’s used to determine how likely you would be to get the same results by random chance. How small of a chance is 10-27? The probability that the association between milk consumption and IGF-1 is just a fluke is less than the chances of winning the lottery not once, not twice, but three times in a row, then subsequently getting struck and killed by lightning.919


IGF-1 may help explain the relationship between dairy consumption and prostate cancer,920 but the reason those who drink the most milk appear to live shorter lives on average and are more likely to die from cancer may have more to do with the animal fat rather than the animal protein, since those findings were absent for low-fat milk.921


The bump in IGF-1 from dairy intake may be partly due to the absorption of preformed IGF-1 already in the milk.922 After all, the whole point of milk is to put a few hundred pounds onto a calf in a matter of months,923 so it shouldn’t be surprising that it has high levels of growth-stimulating hormones.924 Bovine IGF-1, which is identical to human IGF-1,925 isn’t affected by pasteurization.926 While oral consumption of IGF-1 has been shown to be absorbed into the circulation of rats, pigs,927 and presumably calves, similar studies have yet to be done on humans. Regardless, the protein in dairy can cause a surge in our own IGF-1 production, something less likely to happen when consuming protein from plants.928







ANIMAL VS. PLANT PROTEIN


The varying effects of animal versus plant protein appear to be due to different profiles of amino acids, the building blocks of proteins.929 When you were a kid, did you love Tinker Toys as much as I did? I still remember how excited I was unwrapping a huge Tinker Toy set on my sixth birthday. I dumped out the new load of raw building materials onto the floor in front of me and couldn’t wait to start scaling up. Our liver responds with just as much excitement when faced with a bunch of protein building blocks.


Although some IGF-1 is made locally in various tissues, our liver is responsible for approximately 75 percent of the IGF-1 that circulates throughout our body.930 So, what happens when we consume a load of protein? Our liver starts pumping out IGF-1 to tell all the cells in our body that it’s time to grow to use up the excess. With so much extra protein to work with, our liver sends the signal to our cells to be fruitful and multiply.


The problem is that tumors may be some of the new additions spurred by this growth hormone. When you’re a fully grown adult, cell growth is something we want to slow down, not accelerate. The goal, therefore, would be to maintain adequate, but not excessive, protein intake. But animal protein appears to send a different signal to our livers than most plant proteins. Why is protein from an animal associated with increased levels of IGF-1, but not protein from a plant?931 Let’s go back to Tinker Toys.


Let’s say you want to build a really big cube, and a pile of little cubes is dumped in front of you. Nice, right? You start stacking them together and are done in no time. What if, instead, you got a bunch of pyramid shapes? Each of the pyramids can certainly be broken down into the constituent sticks and connectors. You’d still have all the essential elements to construct your big cube, but you probably wouldn’t be as excited to dive into the pile of pyramids because so much more work would be involved breaking them down first. Basically, it’s the same with your liver and IGF-1.932


All plant proteins and nearly all animal proteins are complete proteins, containing all nine essential amino acids.933 (The only incomplete protein in the food supply is the animal protein collagen [gelatin], which is missing tryptophan.934) So, while you couldn’t live on Jell-O and marshmallows, all other dietary proteins, whether from plants or animals, contain all the essentials you need. When you hear about high- versus low-quality proteins, that’s referencing the relative proportions of the different essential amino acids. The more closely the proportion matches our own proteins, the higher quality it’s considered to be.


In a sense, there’s only one truly “perfect protein” for us—human flesh. Failing that, any flesh will do. We don’t practice species cannibalism, but by practicing kingdom cannibalism (Animalia) or, if we eat our fellow mammals, class cannibalism (Mammalia), we’re getting protein that more closely mirrors our own than, say, a kidney bean. This is not necessarily a good thing.935


When a big load of incoming animal proteins hits our liver, it’s analogous to the head start with the pile of Tinker Toy cubes: The protein’s meat and we’re meat, so we start pumping out IGF-1 to speed up cell division to use up the excess. When we get plant proteins, though, they’re like the pyramids. Our body can break them down into all the essential amino acids we need, but they just don’t stimulate the same kind of real estate boom that animal protein does. This phenomenon doesn’t appear to affect muscle mass, as those afflicted with acromegaly (a form of high-IGF-1 giantism) aren’t disproportionately muscular,936 and people injected with IGF-1 twice a day for a year don’t experience an increase in lean mass or muscle strength.937 But the IGF-1 surge associated with animal protein consumption may very well affect lifespan and cancer risk.938




What About Soy Protein?


What about the few plant proteins that have amino acid profiles similar to animal proteins, like soy? One of soy’s selling points is that it has “high-quality” protein, but when it comes to IGF-1, so-called higher quality may mean higher risk. Is that the case with soy-based protein?


We know that the consumption of animal protein is associated with significantly higher levels of IGF-1, while the consumption of non-soy plant protein is associated with significantly lower levels.939 Soy protein falls in the middle, with no significant association with IGF-1 levels either way. This suggests that if we simply replace animal protein with soy protein, we may not see as dramatic a drop in IGF-1 as achieved by replacing meat, eggs, and dairy with a variety of proteins from plants other than soybeans. This was confirmed in a Stanford study: Switching from regular beef, pork, and chicken to plant-based (Beyond Meat) beef, pork, and chicken analogs made from soy and pea protein only caused an insignificant (3 percent) drop in IGF-1.940


Interventional studies showed that adding large quantities of soy protein supplements (40 g a day) increased IGF-1 levels,941,942 but eating a couple of daily servings of actual soy foods did not.943 The cutoff appears to be about 25 g of soy protein a day.944 Of course, the main reasons we care about IGF-1 are cancer and longevity, and, if anything, soy consumers appear to be protected from cancer. A recent systematic review and meta-analysis found a 12 percent reduction in breast cancer death associated with each daily 5 g increase in soy protein intake, such as three-quarters of a cup of soymilk or two tablespoons of soy nuts.945 Soy food intake also seems to be protective against prostate cancer.946 And, in terms of longevity, as we’ll explore in Part II, the two longest-lived formally studied populations on Earth, the Okinawa Japanese947 and the vegetarian Seventh-day Adventists in California, tend to eat soy foods on a daily basis.948











QUIT COLD TURKEY



IGF-1 may help explain why people’s lives appear to be cut short when they eat some low-carb diets but not others.949 Twin Harvard cohorts found that vegetable-based low-carb diets were associated with lower mortality rates, while those based on animal sources increased the risk of premature death by 23 percent and the risk of dying specifically from cancer by 28 percent.950 Even just substituting 5 percent of calories of animal protein with protein from plants, such as beans or nuts, may be associated with a 14 percent lower risk of dying prematurely (and a 19 percent lower risk of dying specifically from dementia).951 Egg protein (found mostly in the egg white) appears to be the worst. Replacing just 3 percent of egg protein with plant protein may be associated with a 24 percent lower risk of premature death in men and a 21 percent lower risk in women.952


When a dream team of longevity researchers, including Luigi Fontana and Valter Longo, followed a nationally representative sample of thousands of Americans over age fifty for an average of eighteen years, they found that those under sixty-five with high protein intakes had a 75 percent increase in overall mortality and a fourfold increase in the risk of dying from cancer. When the protein sources were split up into plant versus animal, however, the overall mortality risk was found to be limited to the consumption of animal protein.953 The sponsoring university described the study with a memorable opening line: “That chicken wing you’re eating could be as deadly as a cigarette.”954


The researchers explained that, compared to someone on a low-protein diet, the quadrupling of risk for cancer death from eating a diet rich in animal proteins during middle age is a mortality risk comparable to smoking. And when they say “low protein,” that is just compared to what most people eat. The “low protein” group was actually getting the recommended amount of protein, 0.8 g per kg of healthy body weight, or about 50 g a day for someone weighing about 140 pounds—preferably from plants to keep IGF-1 activity low.955 Overall, the amount of life lost from each burger is estimated to equate to smoking two cigarettes.956




Two Risks Don’t Make a Right


What was the response in the scientific community to the revelation that, as the Guardian headline put it, “Diets high in meat, eggs, and dairy could be as harmful to health as smoking”? One nutrition scientist said that it was “potentially dangerous” to compare the effects of smoking with the effects of animal foods because a smoker might think, “Why bother quitting smoking if my cheese and ham sandwich is just as bad for me?”957


This reminds me of a famous Philip Morris cigarette ad that tried to downplay the risks of smoking. It argued that if you think secondhand smoke is bad (increasing the risk of lung cancer by 19 percent), drinking one or two glasses of milk every day may be three times as bad (a 62 percent higher risk of lung cancer). So, it concluded, “Let’s keep a sense of perspective.” The ad went on to say that the risk of cancer from secondhand smoke may be “well below the risk reported … for many everyday items and activities.”958


That’s like saying we shouldn’t worry about getting stabbed, because getting shot is so much worse. (Note: Philip Morris stopped throwing dairy under the bus after it acquired Kraft Foods.)










CANCELING CANCER


One of the ways our body tries to protect us from cancer is by releasing a binding protein into our bloodstream to tie up any extraneous IGF-1. Think of it as our emergency brake. Let’s say you’ve managed to downregulate production of new IGF-1 through diet. What about all that excess IGF-1 still circulating from the bacon and eggs you may have eaten the day before? No problem: The liver releases a snatch squad of binding proteins to help take it out of circulation.


The release of IGF-1 triggered by animal protein consumption may explain why you can so dramatically bolster the cancer-fighting power of your bloodstream within weeks of switching to a plant-based diet. After only eleven days of cutting back on animal protein, your IGF-1 levels can drop by 20 percent and your levels of IGF-1 binding protein can jump by 50 percent. After study subjects ate plant-based for less than two weeks, researchers dripped their blood onto some cancer cells growing in a petri dish and found that it suppressed cancer growth 30 percent better than before. This has been demonstrated on both prostate cancer and breast cancer cells.959 The remarkable strengthening of cancer defenses is attributed to the dietary changes in IGF-1. How do we know? If you add back to the cancer cells the amount of IGF-1 that had been banished by plant-based eating, the cancer cell growth comes surging back.960 Participants in this intervention also added a walking component to their routines, but when it comes to IGF-1 binding and killing off cancer cells, even 3,000 hours in the gym appear to be no match against some walking plant-eaters.961


The cancer-suppressing effect seems so powerful that, in a randomized controlled trial, Dr. Ornish and colleagues appeared to be able to slow, stop, and even reverse the progression of early-stage, non-aggressive prostate cancer without chemotherapy, surgery, or radiation—just a plant-based diet and lifestyle program. After one year, the subjects’ bloodstream was nearly eight times better at suppressing the growth of cancer cells.962 Biopsies showed a downregulation of critical cancer genes, effectively the switching off of the expression of cancer growth genes at a genetic level.963 If you instead eat a lot of dairy after a prostate cancer diagnosis, for example, you may suffer a 76 percent higher risk of death overall and a 141 percent increased risk of dying specifically from your cancer.964 The reduction in IGF-1 from the reduction of animal protein intake may explain why vegans—those who don’t eat meat, eggs, dairy, or other animal products—have been found to have lower rates of all cancers combined.965




A Food That Lowers IGF-1


Are there any foods that actively lower IGF-1? A retrospective966 and snapshot-in-time study suggested that tomato consumption may be associated with lower IGF-1 levels.967 One fruitful trial (funded by a lycopene supplement company) of colon cancer patients and lycopene, the red pigment in tomatoes, got people’s hopes up.968 Six other such studies done to date, however, fell flat on their face.969 There appears to be no overall effect of lycopene supplementation on IGF-1 levels.


Flaxseed reduces IGF-1 levels in rats970 but failed to do so when it was put to the test in people.971 Similarly, green tea worked in mice,972 but neither green tea973 nor green tea supplements did the same in us.974 Seaweed may help, though. Giving postmenopausal women just 5 g a day of alaria (Alaria esculenta) cut the IGF-1 bump caused by a 67 g protein load by 40 percent.975










IGF-1 AND LONGEVITY


Epidemiological studies have found both high and low IGF-1 concentrations associated with a shorter lifespan,976 prompting editorial titles such as “IGF-I: Panacea or Poison?”977 I take a deep dive into the data in see.nf/igf1, showing how the correlation between low IGF-1 levels and mortality can be a case of reverse causation, as both acute and chronic illness can lower IGF-1 levels to create the spurious appearance of harm.978 Mendelian randomization methods can help tease this out, studying what happens when people are effectively randomized at birth to genetically have lower or higher lifelong IGF-1 set points. Such studies show that IGF-1 may indeed causally increase the risks of age-related ailments such as heart disease,979 osteoarthritis,980 and diabetes.981 This may help explain why type 2 diabetes risk appears to be increased by animal protein intake but decreased by consumption of plant protein.982


As we’ll see in the Anti-Aging Eight section, protein restriction alone can improve longevity, but it is possible to separate out the effects of IGF-1 and protein intake. As I noted earlier in the chapter, those who won the genetic lottery to have lower IGF-1 levels without even having to work at it are more likely to survive into their nineties983 and even live through that decade,984 and have a longer lifespan overall.985


Beyond genetics, there are interventional studies showing a reduction of total protein intake down to recommended levels986 and/or switching from animal to plant protein sources has a variety of metabolic benefits.987 However, the prospective study by Longo and colleagues that found the positive association between decreased protein intake and decreased mortality in middle age appeared to flip at around age sixty-five into a negative relationship. This could be due to reverse causation—for example, frail adults may be more likely to be malnourished. Nevertheless, the researchers recommended a protein intake of at least 10 percent of calories after age sixty-five, which would be 50 g on a 2,000-calorie-a-day diet, preferably from plants.988




Food for Thought




Insulin-like growth factor 1 is considered to be of cardinal importance for cancer expansion,989 so downregulating IGF-1 activity not only has the potential to slow the aging process990 but may be a way to turn anti-aging genes against cancer.991 IGF-1 is cranked up on high-protein diets and by animal protein in particular. This helps explain the benefits of more plant-oriented eating,992 as well as why consuming a diet with a relatively low proportion of protein is considered critical for lifelong health.993





To help slow this aging pathway, on a daily basis, consider:




	striving to stick to the recommended daily intake of protein of 0.8 g per healthy kg of body weight (0.36 g per pound), which translates to about 45 g a day for the average-height woman and about 55 g a day for the average-height man


	choosing plant-based protein sources whenever possible
















INFLAMMATION


In recent years, one of the most medically important discoveries was recognizing the potential role of inflammation in many chronic diseases, including at least eight of the top ten leading causes of death.994 The magnitude of this new understanding has been compared to the discovery of the germ theory centuries ago, which revolutionized how we prevent and treat infectious diseases.995


For most of our time on Earth, infections were a primary cause of death and disease. Without soap, sanitation, or water purification, we were under constant barrage, racked with chronic parasitic infestations from within and attacked on all sides by microbial threats. Without antibiotics, a scraped knee could end up being a mortal wound, which is why our immune systems evolved to be on high alert, erring on the side of overreaction rather than under-reaction.996 Sometimes, though, that can do us more harm than good. For example, head trauma may kill hundreds of thousands of brain cells, but the ensuing inflammatory response may kill millions of brain cells or the patient themself.997




META-INFLAMMATION


Inflammation evolved to be beneficial. When you get a splinter in your finger, for example, and the digit turns red and gets warm, painful, and swollen, that inflammation is your body’s natural reaction to tissue damage or irritation. Its purpose is to trigger the healing process, not a disease process.


Your body’s reaction to that splinter is an example of acute inflammation, a localized, temporary, direct response to infection or injury focused on resolving a problem. Chronic inflammation, also called metabolic inflammation, or meta-inflammation for short, on the other hand, is systemic, persistent, and nonspecific and appears to perpetuate disease.998 It has a low-grade, smoldering quality that can be picked up on blood tests showing abnormally high levels of inflammatory markers like C-reactive protein (CRP).


Ideally, CRP levels in the blood are under 1 mg/L,999 but, in the presence of infection, it can skyrocket within hours up to 100 mg/L or more.1000 Today, our highly sensitive CRP blood tests can measure levels to a fraction of a point, which has led the medical community to recognize that having baseline levels of just 2 or 3 mg/L may place us at increased risk of catastrophes like heart attacks and strokes. Baseline CRP levels below 1 mg/L denote lower risk, but most middle-aged Americans have levels that exceed this level,1001 suggesting that most suffer from chronic inflammation—chronic inflammation that tends to worsen with age.







INFLAMMAGING


As we get older, our immune system gradually deteriorates in a process known as immunosenescence.1002 This plays a part in explaining why pneumonia, for example, moves up from being the tenth leading cause of death when we’re in our fifties and early sixties to being the eighth leading cause when we’re sixty-five and older.1003 It’s why latent viruses can reemerge, like chickenpox erupting as shingles after lying dormant for a half century. It also explains why vaccines don’t work as well as we age. The annual flu vaccine is only about 50 percent effective among those who need it most.1004


On the flip side, the activated immune cells of eighty-year-olds produce significantly more pro-inflammatory signals.1005 This suggests the worst of both worlds—a decline in the part of the immune system that fights specific infections and an aggravation of nonspecific overreactions that can lead to inflammation.1006 This progressive increase in pro-inflammatory status is now recognized as a major feature of the aging process, formalized in 2000 into a concept called “inflammaging,” a chronic low-grade inflammation that may be responsible for the further decline and onset of disease in the elderly.1007,1008


CRP levels rise as we age and are associated with reduced survival, poorer physical and cognitive performance,1009 diminished feelings of vitality,1010 and a range of age-related diseases, including Alzheimer’s, Parkinson’s, cardiovascular disease, diabetes, and chronic kidney disease.1011 Inflammaging is also thought to play a key role in degenerative disc disease in our spine1012 and the loss of muscle mass and strength as we age.1013


CRP is the most widely studied inflammatory biomarker for predicting remaining lifespan.1014 Having higher CRP levels in your blood may increase your risk of dying prematurely by 42 percent. However, interleukin 6 (IL-6), the most important trigger for CRP production, may be an even better predictor.1015 Interleukins are chemical messengers used to communicate between (inter-) white blood cells (-leukocytes).


In our youth, blood levels of IL-6 are typically low or may even be undetectable, but they begin to increase when we’re around fifty to sixty. As a potent pro-inflammatory agent, elevated levels are considered to be one of the most powerful predictors of disease and death in the elderly.1016 Researchers looked at single blood samples from healthy individuals aged sixty-five and older and found that if their IL-6 levels were in the highest quarter of values, their risk of dying may be 40 percent over the next five years, compared to less than 10 percent among those with values in the lowest quarter.1017 IL-6 even seems predictive at extreme ages. Centenarians with an IL-6 level in the lowest third of values are three times more likely to be alive nearly five years later, compared to the highest third.1018 IL-6 appears to be a cause, rather than just a consequence, of life-threatening disease since those born genetically predisposed to higher IL-6 levels are less likely to survive to old age.1019




Save Your Skin


Which organs do you think are our largest? Maybe our lungs, liver, or intestines? Those weigh about five pounds each. Our skin, on the other hand, weighs about twenty pounds.1020 How might our skin contribute to inflammaging?


As young as age forty-five, we start to lose hydration in the outermost layer of our skin, as our skin’s barrier function starts to deteriorate.1021 Barrier breaches can then trigger inflammation that can spill over into the bloodstream. Would topical application of some kind of skin cream be able to lock in moisture and prevent this inflammation? When aged mice were rubbed with petroleum jelly three times a day for ten days, the inflammatory markers went down not only in their skin but throughout their bodies.1022 This prompted a 2019 study in which researchers put it to the test in people.


Elderly men and women (average age seventy-eight) were randomized to a twice-daily application of 3 mL (about two-thirds of a teaspoon) of an emollient to their skin for a month. Remarkably, not only did the blood levels of inflammatory markers like IL-6 drop significantly compared to elderly controls who didn’t moisturize their skin but they dropped down to levels close to that of younger individuals (average age thirty-two).1023 This suggests that applying skin lotion may be a simple way to dampen systemic inflammation.










HOT AND HEAVY


Inflammation is considered to be an important indicator and driver of aging,1024 but where is all this inflammaging coming from? Some have suggested chronic infections, such as Epstein-Barr virus or cytomegalovirus (CMV), but preindustrial populations of forager-horticulturalists and hunter-gatherers don’t appear to have suffered from inflammaging despite large infectious exposures. We’ve already covered two implicated sources of inflammaging: the buildup of dietary advanced glycation end products1025 (the Glycation chapter) and senescent cells spewing SASP1026 (the Cellular Senescence chapter). Our age-related decline in autophagy machinery (the Autophagy chapter) can also lead to what’s been dubbed “garbaging.”1027


Our immune system may start reacting to the cellular detritus that can build up as we age, and that has led some to speculate that inflammaging—and even part of the aging process itself—may be an elaborate autoimmune, autoinflammatory reaction.1028 This would be consistent with the fact that two years of modest caloric restriction cut inflammation markers such as CRP by 40 percent. This dramatic anti-inflammatory effect could have been due to a boost in autophagy that cleared out inflammatory cellular debris or simply as a consequence of their weight loss.1029


Dozens of studies have found that obesity is strongly associated with increased levels of inflammatory markers, such as CRP, in the blood.1030 But is the inflammation a cause or a consequence of obesity? We once thought that fatty tissue was simply a passive depot for the storage of excess fat, but we now know that it plays an active role in secreting inflammatory chemicals. Fatty tissue is able to expand so rapidly that it may even outpace its own blood supply and become starved of oxygen.1031 (An electrode can be inserted directly into an obese belly to measure how low oxygen levels may fall compared with individuals at a healthy weight.1032) This oxygen deprivation is thought to contribute to the death of fat cells. But this is not a good thing; fat cell death draws out inflammatory cells like macrophages, a type of roaming white blood cell found in pus, to try to clean up the debris. Indeed, belly biopsies from obese individuals show macrophages swarming throughout the fat.1033 Then, the macrophages appear to get stuck and fuse together into giant cells, which are a hallmark of chronic inflammation seen in resistant infections like tuberculosis or around foreign bodies our body can’t clear.1034 All this is occurring while inflammatory compounds spill out into general circulation.1035 As such, obesity appears to lead to systemic inflammation, rather than the other way around.1036,1037




Unsafe at Any Feed


Dietary cholesterol may also contribute to inflammation in body fat that can spill over into our bloodstream.1038 Body fat is a major site for cholesterol storage in humans.1039 Our fat cells can accumulate high levels of free cholesterol, which cannot be broken down by our cells and is toxic at high concentrations.1040


We’ve known since 2014 that dietary cholesterol promotes the swelling of fat cells and belly fat inflammation in monkeys,1041 but there weren’t any human studies until 2019, when researchers took biopsies from vegetarians and meat eaters. Vegetarians generally consume significantly less cholesterol than do omnivores. Although eggs are the single largest source of cholesterol in the American diet, more than any individual type of meat, the number one overall source of cholesterol is meat in general (with twice as much cholesterol coming from white meat as from red).1042 So, researchers expected to find less inflammation in the biopsies from vegetarians than from meat eaters, and they did. Not only did the vegetarians’ thigh fat average fewer than half of the pro-inflammatory macrophages compared to biopsies taken from omnivores, the meat eaters had 80 percent greater expression of tumor necrosis factor, a potent inflammatory marker, in their abdominal fat.1043


Preeminent Harvard nutrition professor Mark Hegsted once wrote that if cholesterol were introduced as a new food additive, the conclusion would almost certainly be that it could not be considered safe at any level,1044 if only because any intake of dietary cholesterol above zero increases the risk of our number one killer, heart disease.1045





As we get older, we experience an increase in visceral fat, the deep abdominal fat that coils around and infiltrates our internal organs, bulging out our belly. The increase in fat mass alone may contribute to inflammaging,1046 but, as they age, even individual fat cells spill out more pro-inflammatory mediators like IL-6 compared to younger fat cells.1047 So, loss of body fat with chronic caloric restriction may play a role independent of autophagy induction, though it appears to work disproportionally better than weight-loss surgery at reducing inflammation over the same general time frame. Bariatric surgery alone causes about a 60 percent drop in both excess body weight1048 and CRP,1049 whereas just a 10 percent drop in body weight in the nonsurgically calorie-restricted group was associated with a 40 percent drop in CRP.1050


Visceral fat isn’t the only place in the gut that can spill out inflammatory factors. As we age, our microbiome changes. We start to take on opportunistic pro-inflammatory bacteria at the same time that our gut permeability (“leakiness”) is increasing, which leads to the seepage of bacterial components into our bloodstream.1051 Thankfully, as we’ll see, all these contributors to inflammaging can be mediated by diet.







THE DIETARY INFLAMMATORY INDEX


The widespread meta-inflammation that occurs throughout our lives appears in part to be the reaction by our immune system to many unhealthy aspects of daily living—from environmental factors, like traffic pollution and toxic chemicals, to our everyday lifestyle choices, including factors such as cigarettes, sleep, chronic stress, and level of physical activity.1052 However, we may introduce into our body the primary driver of meta-inflammatory chronic disease multiple times a day—every time we eat.1053


How can we tell if a food is pro-inflammatory or anti-inflammatory? Simple. We can just watch what happens to the levels of C-reactive protein and other inflammation markers after someone eats it. By doing so, we can also assess the impact of individual nutrients, whole foods, meals, or entire dietary patterns.


Researchers scoured thousands of such experiments and developed a scoring system called the Dietary Inflammatory Index.1054 It’s very straightforward: The more pro-inflammatory foods we eat on a daily basis, the higher our score, and the more anti-inflammatory foods we eat, the lower our score. Our goal is an overall negative score, which we can achieve if we eat more anti-inflammatory foods than pro-inflammatory ones. In other words, an anti-inflammatory diet.


Generally, components of animal products and processed foods, like saturated fat, trans fat, and cholesterol, were found to be pro-inflammatory, while constituents of whole plant foods, such as fiber and phytonutrients, came up strongly anti-inflammatory.1055 It shouldn’t be a surprise, then, that the Standard American Diet (SAD) scores as pro-inflammatory. This reached a peak in the early aughts during the Atkins craze, but we still run hot1056 and have the elevated disease rates to show for it.


Higher Dietary Inflammatory Index scores have been linked to impaired kidney,1057 lung,1058 and liver function1059 and a higher risk of cardiovascular disease.1060 Those eating more inflammatory diets also appear to experience faster aging at a cellular level.1061,1062 Pro-inflammatory diets are also associated with the development of frailty1063 and increased risk of falls in the elderly.1064


Pro-inflammatory diets don’t only impact our physical health. A recent review concluded that every study that looked at the Dietary Inflammatory Index and cognitive performance found that diets with higher inflammatory potential were linked to impaired memory and cognitive dysfunction.1065 Inflammatory diets have also been associated with worse mental health, including higher rates of depression, anxiety, and impaired well-being,1066 as well as lower sleep quality.1067


What about cancer? Eating more pro-inflammatory foods has been tied to higher risk of prostate,1068,1069,1070 breast,1071,1072 endometrial,1073 and ovarian cancers.1074 Higher Dietary Inflammatory Index scores are also associated with heightened risk of esophageal,1075 stomach,1076 liver,1077 pancreatic,1078 colorectal,1079 kidney,1080 and bladder1081 cancers, as well as non-Hodgkin’s lymphoma.1082


Overall, eating a more inflammatory diet has been associated with 75 percent increased odds of having cancer and 67 percent increased risk of dying from it.1083 Not surprisingly, those eating more anti-inflammatory diets appear to live longer lives1084,1085,1086,1087 with less functional disability.1088 A meta-analysis of a dozen cohort studies, where populations are followed over time, found that those scoring at the higher end of the Dietary Inflammatory Index had a 23 percent higher risk of dying prematurely compared to those at the lower end.1089




You’ve Got to Move It Move It


Lifelong, voluntary wheel-running dampens inflammaging in mice,1090 but what about in men and women? There have been more than twenty controlled interventional studies on the effect of exercise on inflammation in older adults, and they’ve consistently shown a beneficial, anti-inflammatory effect.1091 The IL-6 levels of active older adults may be about 30 percent lower than sedentary age-matched individuals.1092 Sadly, nearly eight out of ten American adults fail to meet the national physical activity guidelines.1093










PRO-INFLAMMATORY FOODS


The food components that rate as most pro-inflammatory are saturated fat and trans fat. In the United States, the top five sources of saturated fat are essentially cheese (including pizza), desserts like cake and ice cream, chicken dishes, pork, then burgers.1094 With the ban on added trans fat, the only remaining sources in the food supply are the small amounts found naturally in meat and dairy and what’s created during the refining of vegetable oils.1095




HOW TO REDUCE YOUR ENDOTOXIN EXPOSURE


The inflammatory effects of saturated fat can manifest after a single meal. We’ve known for nearly twenty years that within hours of eating a high-fat meal (Sausage and Egg McMuffins were used in the original study), your arteries can stiffen, cutting in half their ability to relax normally.1096 Unhealthy meals don’t just cause damage decades down the road but right here and now, within hours of going into your mouth. How do we know it was the fat and not the junky refined carbs in the English muffin? Because you can also cause a spike in inflammation by drinking straight cream, which has zero carbs and is mostly saturated butter fat.1097 And, just as this inflammatory state starts to calm down five or six hours later, it’s time for lunch, when we may once again whack our arteries with another load of saturated fat. This cycle leaves many Americans trapped in a dangerous pit of chronic, low-grade inflammation. It’s no wonder dietary saturated fat has been considered an “accelerator of the aging process.”1098


After just one meal high in saturated fat, IL-6 levels can double within six hours,1099 approaching levels associated with twice the risk of premature death.1100 Why is saturated fat so pro-inflammatory?


Palmitic acid, the predominant saturated fat in the American diet1101 and concentrated in meat and dairy,1102 directly induces an inflammatory response. Drip some onto human white blood cells in a petri dish, and they start spewing out inflammatory chemicals.1103 But, saturated fat may also help endotoxins leak through the gut wall into your circulation.1104 Endotoxins are highly pro-inflammatory structural components of certain types of bacteria, like E. coli. As such, the highest levels of these endotoxins are found in foods with high bacterial loads, like meat.1105 (Fresh hamburger, for example, has been shown to contain approximately a hundred million bacteria per quarter pound.1106) Endotoxin activity can be detected in your bloodstream just one hour after eating a high-fat meal.1107 It’s no wonder your body reacts so strongly!


The theory has its critics, though, who argue that since we already have so many bacteria and their endotoxins living in our large intestine, ingesting a few more endotoxins from our food shouldn’t matter much in terms of causing systemic inflammation.1108 After all, we have about two pounds of pure bacteria down where the sun don’t shine, so we may already have a whole ounce or so of endotoxin in us. Given that a lethal dose of intravenously injected endotoxin can be just a few millionths of a gram, we could theoretically have a million lethal doses inside our body. The apparent paradox, though, is explained by compartmentalization.1109 It’s all about location, location, location.


Poop is harmless in our colon, but feces shouldn’t be injected into our bloodstream, or eaten, for that matter, particularly with fat, as that can promote the absorption of endotoxins high up in the small intestine.1110 The palmitic acid in animal fat can both disrupt the barrier function of the gut lining, which, in effect, makes it leakier,1111 and directly ferry endotoxins into our lymph vessels, which eventually dump into our bloodstream.1112 The same goes even if the poop is well cooked.


You can boil endotoxins for two straight hours with no detriment to their ability to induce inflammation.1113 Yes, you can kill off any bacteria if you boil your poop soup long enough, but that doesn’t destroy their endotoxins. In other words, even when you cook the crap out of meat, you can’t really cook the crap out of meat.


Ironically, even when slaughterhouse workers trim off visible fecal contamination, which can occur when the animal’s digestive tract is ruptured during the evisceration process,1114 the trimming can lead to an increase in certain fecal bacteria, thought to be caused by cross-contamination from one carcass to the next.1115 Then, even when properly stored in refrigeration, endotoxins start accumulating along with the bacterial growth.1116




Bust Your Chops


The highest levels of endotoxins have been found in meat and dairy, and the lowest levels in fresh fruits and vegetables—but that was testing whole fruits and vegetables.1117 Most spoilage organisms cannot penetrate the plant’s surface barrier to then go on to spoil its inner tissues. That’s why fruits and veggies can be out in the orchards and fields all day in the hot sun. Once you cut them open, though, and bacteria can gain access to the inner tissues, the produce can start to spoil within a matter of days.1118 What does that mean for the prechopped veggies conveniently stocked in grocery stores?


Watch see.nf/precut for details, but basically, endotoxins can build up in refrigerated prechopped vegetables to the point of neutralizing their anti-inflammatory benefits.1119 The prechopped veggies did not cause inflammation, like in the meat, eggs, and dairy studies, but they did appear to extinguish some of the plant’s anti-inflammatory effects.1120 It’s still better to eat prechopped vegetables than no veggies at all, but chopping your own might be the more healthful option.1121










BLUNTING THE ENDOTOXIN SURGE


Not all high-fat foods cause inflammation. More than a dozen studies have shown that nuts, for example, don’t increase inflammatory markers,1122 even if you eat handfuls of them a day.1123 Spreading half an avocado on a beef burger may even blunt some of the inflammation caused by the meat.1124


Some reviews purport to show a drop in inflammatory markers when consuming wild game,1125 which is about as lean as you can get, but that’s only compared to store-bought meat. If you eat some really fatty meat, all the common markers of inflammation—CRP, IL-6, and tumor necrosis factor alpha (TNF-α)—shoot up within hours of consumption. What if you instead eat a kangaroo steak, which is extremely low-fat, on the order of elk or moose?1126 The same thing happens—a rise in all three inflammatory markers—but to a significantly lesser extent.1127 This would suggest that venison, for example, would cause less inflammation than chicken, which, these days, contains two to three times more calories from fat than from protein and ten times more calories from fat than it had a century ago.1128 (Note that this may depend on how the deer was shot. Standard rifle bullets can disperse millions of microscopic lead fragments into wild game,1129 and lead exposure may also be pro-inflammatory.1130)


“[T]he most obvious solution to this metabolic endotoxinemia appears to be to reduce saturated fat intake,” concluded endotoxin scientists.1131 In the United States, that would mean prioritizing cutting down on the top three sources: cheese, desserts, and chicken.1132 However, “the Western diet is not conducive to this mode of action,” the scientists wrote, “and it is difficult for patients to comply with this request.” If that’s the case, there is a way to blunt some of the endotoxin surge: Eat fiber-rich foods with your meals.


Researchers randomized people to eat the same McDonald’s Sausage and Egg McMuffin breakfast bomb with or without a high-fiber breakfast cereal. The fiber seemed to glom onto the endotoxins, preventing that bump of endotoxemia three hours after the meal. The fiber also reduced the oxidative stress, the free radicals generated by such a meal. Of course, the best way to mediate the impact is to skip past the golden arches altogether, but adding fiber-rich foods may at least make your sad meal a little happier.1133




Don’t Get Hyper


Animal fat can be inflammatory, but so can animal protein. Check out my How Not to Die kidney disease chapter. I describe in detail how a high intake of animal protein can profoundly influence normal human kidney function by inducing hyperfiltration, a dramatic increase in our kidneys’ workload. Within hours of consuming meat, our kidneys rev up into that hyperfiltration mode. Beef, chicken, and fish all appear to have similar effects.1134 An equivalent amount of plant protein, though, causes virtually no noticeable stress on the kidneys,1135 which can translate into the preservation of ailing kidney function.1136 Why does protein from animals cause that overload reaction while protein from plants doesn’t? Because of inflammation. Researchers found that the hyperfiltration response disappeared when study participants were given a powerful anti-inflammatory drug along with animal protein.1137










NEU5GC


There’s even an inflammatory animal sugar. Watch my video see.nf/neu5gc to learn how an acidic sugar called Neu5Gc could be a “Trojan horse” in meat and dairy contributing to the higher rates of cancer, heart disease, and autoimmune diseases.1138 To quell the inflammation caused by this foreign sugar, the researchers suggest “reduction of dietary Neu5Gc intake and accumulation through simple diet-based interventions.”1139


Since humans and plants don’t make Neu5Gc, does that mean we can only choose between cannibalism and veganism if we want to avoid exposure? No. Already, transgenic pigs have been engineered without Neu5Gc for organ transplants, so one suggestion is that we could use “genetically modified livestock as a source of red meat.”1140 Or, we could stick to eating animals that naturally don’t express it in the first place. Neu5Gc is found in most mammals, amphibians, and fish,1141 with the highest levels in caviar,1142 but it is rare in birds and reptiles.1143 Among mammals, the highest levels were found in goat meat,1144 but, in terms of “potential candidates for human consumption,”1145 levels were low in venison and missing entirely from the muscles of kangaroos and dogs (but not cats).1146 Another suggestion would be to take some kind of Neu5Gc-blocker every time we eat meat. The researchers acknowledge that “[i]n practice, it would be hard to arrange for such an antidote to be easily available as part of every meal.…”1147







POURING SALT ON THE WOUND


Excess sodium raises not only your blood pressure1148 but also the level of inflammation in your body. It’s hard to control people’s food intake long-term to study the effects—unless, of course, you can lock people in a space capsule. Mars520 was a 520-day space flight simulation designed so we could see how people might do on the way to Mars and back. For up to months at a time, the nascent astronauts were put on different levels of salt, and the findings clearly showed that a drop in sodium intake leads to a drop in inflammation.1149 This has implications for inflammatory diseases such as asthma,1150 multiple sclerosis,1151 psoriasis,1152 lupus,1153 and arthritis.1154 For more details, see my video see.nf/saltinflammation.










ANTI-INFLAMMATORY FOODS


In the Dietary Inflammatory Index, the spice turmeric is the single most anti-inflammatory food, followed by ginger and garlic, and tea, green or black, is the most anti-inflammatory beverage. In terms of the most anti-inflammatory food components, the top two are fiber and flavones.1155 Dietary fiber, found in all whole plant foods, is most highly concentrated in whole grains and legumes, such as chickpeas, beans, lentils, and split peas.1156 Flavones are plant compounds concentrated in fruits, herbs, and vegetables,1157 with apples, oranges, parsley, celery, and bell peppers the leading sources in the American diet,1158 while chamomile tea is the most flavone-filled beverage.1159




FIBER SOOTHES THE SAVAGE BEAST


How and why is fiber so anti-inflammatory? Check out see.nf/fiber for the full story, but basically, we feed the good bacteria in our gut with prebiotics like fiber, and they feed us right back with short-chain fatty acids like butyrate, the primary fuel of the cells lining our colon. The good bacteria in our gut feed us and try to keep us healthy because they have a pretty good thing going. Our guts are warm and moist, and food magically keeps coming down the pipe. If we die, though, they lose all that. If we die, they die, so it’s in their best evolutionary interest to keep us happy.1160 But there are bad bugs, too, like cholera that causes diarrhea. They have a different strategy: The sicker they can make us, the more explosive the diarrhea, for example, the better their chances of spreading to other people and into other colons. They don’t care if we die, because they don’t intend on going down with the ship.1161


So, how does the body keep the good bacteria around while getting rid of the bad? Think about how tricky this is. We have literally trillions of bacteria in our gut, so our immune system must constantly maintain a balance between tolerating good bacteria and attacking bad. Wouldn’t there need to be a way for our good bacteria to signal to our immune system that they’re the good guys? Yes, and there is. That signal is the fiber breakdown product butyrate. Researchers found that butyrate suppresses the inflammatory reaction and tells our immune system to stand down, saying in effect, “The good guys are on board, so all’s well.”1162 (This does not apply to fiber supplements like Metamucil, which are nonfermentable, that is, inedible, to our good bacteria.1163)


We’re not just talking about intestinal inflammation. If you eat some whole grain barley for supper, by the next morning, your good gut bacteria are having it for breakfast, releasing butyrate into the bloodstream1164 to exert broad anti-inflammatory activities throughout the body.1165 This may explain why those eating fiber-rich foods are less likely to develop inflammatory conditions from knee pain1166 and osteoarthritis1167 to lung inflammation and respiratory diseases like COPD (chronic obstructive pulmonary disease).1168 Most important, those who eat more fiber-rich foods live longer lives.







ALL IN ONE PIECE


An analysis of ten studies encompassing more than ten million person-years of data found that higher intake of dietary fiber compared to lower intake was associated with a 15 percent lower risk of premature death from all causes combined.1169


But since fiber is concentrated in some of the most healthful foods on the planet—fruits, vegetables, whole grains, beans, and nuts—how do we know that fiber intake isn’t just a proxy for a healthy diet in general and the survival benefit isn’t merely due to the myriad other beneficial components in whole plant foods? If you remember, we ran into a similar conundrum trying to tease out the benefits of eating foods with lower glycemic loads. The solution we turned to was acarbose, the starch-blocking drug that slows the digestion of carbohydrates.


Fiber is just a carbohydrate chain we can’t digest, so acarbose can effectively turn some of the regular starch we eat into fiber. Indeed, those taking acarbose end up with more starch in their stool, which provides a bounty for our good gut bacteria.1170 That’s why acarbose can increase the level of good bugs like Bifidobacterium,1171 Lactobacillus, and Prevotella.1172 This all means more anti-inflammatory butyrate entering the bloodstream,1173 and it also gives researchers a tool to test out the fiber–inflammation–longevity connection.


Just as you can enable rats to live longer by feeding them fiber,1174 you can enable mice to live longer by feeding them acarbose while keeping their diets the same. Why do we suspect the survival benefit is not just a blood-sugar effect? Because the lifespan enhancement correlated with fecal concentrations of butyrate. A single fecal sample taken several months before death (the equivalent of several years for humans) could predict the mouse’s likely lifespan.1175 How can we replicate the effects of acarbose without taking a drug?


Switching from refined grains to whole grains would ferry more fiber down to our colon, but taking the next step and switching to intact whole grains (groats) wouldn’t only give us more fiber but also sneak down a load of starch. To see why powdered grains can starve our microbial selves, check out my video see.nf/intact. Researchers found that subjects fed the same amount of the same foods doubled their stool size when fed intact versus ground grains.1176 Our stool is not primarily composed of undigested food. Most of it—about 75 percent—is pure bacteria,1177 more than a trillion per tablespoon.1178 No matter how well we chew intact plant foods, when we eat the way nature intended, we transport an array of starch and other prebiotic nutrients down to our good bacteria, who get fruitful and multiply. Production of short-chain fatty acids increases, and we get to bask in all the anti-inflammatory benefits of butyrate.




Centenarian Anti-Inflammaging


Since inflammation has a critical role in aging, wouldn’t you expect centenarians to have somehow escaped inflammaging? That isn’t the case, though. As expected, at their advanced age, people more than a hundred years old have high blood levels of inflammatory compounds. So, what sets them apart? A counterbalance of an equally high blood level of anti-inflammatory compounds.1179 This response is known as anti-inflammaging. “[I]f inflammaging is a key to understand aging,” an Italian research team suggested, “anti-inflammaging may be one of the secrets of longevity.”1180


Interleukin 10 (IL-10) may be the most potent anti-inflammatory cellular messenger in our blood. Is there a way to boost IL-10 levels?1181 Eat more fiber. Butyrate “massively” enhances secretion of IL-10,1182 so raising IL-10 blood levels is as easy as swapping out refined grains in favor of whole grains.1183 A type of fiber called beta-glucan in brewer’s, baker’s, and nutritional yeasts has been found to boost IL-10. The amount found in two daily tablespoons of nutritional yeast triples IL-10 levels within four weeks.1184 However, if you have Crohn’s disease1185 or the skin condition known as hidradenitis suppurativa,1186 I caution against the use of nutritional yeast due to potential immune reactivity (see see.nf/crohns for details).


Based on three decades of studying more than a thousand centenarians, researchers identified “a provegetarian diet, rich in vegetables and legumes” as a common denominator. Part of the centenarians’ aging success may have been due to an anti-inflammatory boost from all that fiber, but their diets also contained “relatively little meat and animal fat,”1187 so it’s hard to tease out the decisive dietary factors.










PLANT YOURSELF


Given that saturated fat ranks as the single most pro-inflammatory food component and fiber as the single most anti-inflammatory food component,1188 an anti-inflammatory diet would be one centered around whole plant foods.1189 See details in see.nf/plantshift, but basically, dozens of interventional trials that put different diets to the test in thousands of individuals have shown that more plant-based diets were more effective in lowering systemic inflammatory markers such as C-reactive protein.1190


A completely plant-based diet can help lower CRP levels by 30 to 40 percent within just a few weeks in both adults1191 and children,1192 but it need not be all or nothing. Simply swapping out a few servings a week of meat for beans, split peas, chickpeas, or lentils can lower your CRP, IL-6, and TNF-α by about a third within two months.1193 What if you just add plant foods to your regular diet? Five a day aren’t enough. Five daily servings of fruits and veggies don’t appear to be sufficient to make a difference, but if you get eight servings a day, you can significantly drop your CRP levels compared to those who eat close to the American average,1194 a paltry two servings a day.1195 That’s one of the reasons my Daily Dozen recommends a minimum of nine daily servings.


Of course, not all plant-derived foods are anti-inflammatory. If all you do is boost your intake of vegan junk like white bread, soda, and cake, you can end up even more inflamed.1196 Are any plants particularly potent?




What About Fish?


First and foremost, an anti-inflammatory diet in clinical practice “focuses on eating whole, plant-based foods.”1197 But just as all plant-derived foods are not anti-inflammatory, all animal foods are not necessarily pro-inflammatory. Omega-3 fatty acids found in fish, for example, score as an anti-inflammatory component in the Dietary Inflammatory Index,1198 even though they only appear to help among those with chronic disease.1199 When healthy people were given fish oil supplements equivalent to eating about a serving of salmon, one can of tuna, or ten fillets of tilapia every day1200 for weeks or months, overall, there was no benefit in terms of reducing key inflammatory markers.1201


The consumption of fish itself doesn’t appear to affect markers of inflammation1202 or lower inflammatory disease mortality—unlike plant-based omega-3 sources like nuts.1203 Perhaps the benefits of the omega-3s are offset by the industrial toxins that now contaminate much of the aquatic food chain.1204 That could also help explain the association found in the Harvard Nurses’ Health Study between the consumption of non-dark-meat seafood (such as canned tuna, shrimp, scallops, and lobster) and higher inflammatory markers in the blood.1205










BERRY THE INFLAMMATION HATCHET


A study followed 10,000 Norwegian men for four decades and found that those eating berries more than fourteen times each month were significantly more likely to be alive at the end of the investigation.1206 Higher intake of anthocyanins, berries’ brightly colored pigments, has been associated with anti-inflammatory effects,1207 but it takes interventional studies to prove cause and effect. I review dozens of such studies in my video see.nf/berryinflammation, showing that common berries like blueberries1208 and strawberries1209 can significantly reduce markers of inflammation.


This is not just an antioxidant effect. Free radicals can disfigure proteins in our body to the extent that they become so unrecognizable by our immune systems that our own body attacks them as foreign.1210 We can help mitigate this inflammatory autoimmune response by saturating our body with sufficient antioxidants. High-antioxidant fruits and vegetables, such as berries and greens, have been found to douse systemic inflammation significantly better than the same number of servings of more common low-antioxidant fruits and veggies, like bananas and lettuce.1211 However, no anti-inflammatory benefit was found for antioxidant vitamins and minerals like vitamins C and E, beta-carotene, or selenium,1212 which takes us back to the bright red, blue, and purple anthocyanin plant pigments.


Dozens of randomized controlled trials on anthocyanin-rich supplements (mostly berry extracts) have demonstrated anti-inflammatory effects.1213 This may be why red-fleshed plums beat out yellow-fleshed apricots in reducing CRP blood levels1214 or why even super healthful fruits like mangos may be powerless against the inflammation caused by eating a meal of fatty meat,1215 whereas a half dozen studies combined have shown that pomegranates, a fruit packed with ruby red anthocyanins, can bring down inflammation over time.1216


The anti-inflammatory effect of berries is so potent that you can actually feel it if you push yourself. The bioflavonoids in citrus can help with muscle fatigue during a tough workout1217 (see.nf/citrus), but the anthocyanins in berries may help you deal with post-exercise inflammation. Muscle biopsies confirm eating berries can significantly reduce exercise-induced inflammation,1218 which translates into faster recovery times.1219 Watch see.nf/soreness for details. Antioxidant supplements, however, don’t appear to help.1220 In fact, men doing arm curls with added vitamin C ended up with more muscle damage and oxidative stress.1221


Optimizing recovery from a workout is considered to be the “holy grail of exercise science,”1222 but what about discernible effects on inflammatory conditions of aging, such as arthritis? Tart cherries have been successfully used to treat gout.1223 Delicious dietary treatments are more than welcome, as some gout drugs can cost $2,000 per dose,1224 carry no clear-cut distinction among nontoxic, toxic, and even lethal doses,1225 and can cause a rare side effect in which your skin detaches from your body.1226 (Of course, the best way to deal with gout is to try to prevent it in the first place with lower alcohol consumption1227 and a more plant-based diet.1228) As I detail in see.nf/berryinflammation, the most common inflammatory joint disorder, osteoarthritis of the knee, can also be mitigated with berry treatment.




How to Lose Count


Considering the anti-inflammatory effects of plant foods and their components, it’s no surprise that a pooling of more than twenty studies shows that those eating more plant-based diets have lower CRP levels—especially among those eating purely plant-based.1229 This has been confirmed with two dozen interventional studies that, overall, found that randomizing people to plant-based diets reduces systemic inflammation within a matter of months or even weeks.1230 However, plant-based diets can be so effective at causing weight loss that some of the drop in inflammation may be indirect.1231 Even when weight is taken into account, though, compared to those randomized to eat the American Heart Association’s recommended diet, which includes more fruits and vegetables but also low-fat animal products like skinless chicken breast, skim milk, and egg whites, those randomized to an exclusively plant-based diet got a 33 percent drop in CRP within eight weeks.1232


In addition to lower CRP levels, those eating more plant-based also tend to have lower white blood cell counts, considered to be a “stable, well-standardized, widely available and inexpensive measure of systemic inflammation.”1233 As I explore in my video see.nf/whitecount, a higher white blood cell count may be an important predictor for cardiovascular disease incidence and mortality, decline in lung function, cancer mortality,1234 diabetes,1235 and premature death in general.1236 Even within the normal range, every drop of just one point may be associated with a 20 percent drop in the risk of premature death.1237


How can we lower it? As I discuss in my follow-up video see.nf/idealcount, avoiding secondhand smoke can drop your white count by about half a point,1238 losing about a quart of excess body fat can lower it by about one point,1239 and exercising one to two hours a week for two months can drop it about a point and a half,1240 as can eating a whole food, plant-based diet.1241










GO GREEN


The Low Inflammatory Foods Everyday (LIFE) Diet is based on Dr. Joel Fuhrman’s high-nutrient-density principles, which includes a daily green smoothie and is packed with other fruits and vegetables.1242 The LIFE Diet successfully lowered CRP, but participants were also encouraged to limit their consumption of all animal products. However, even looking only at those who drank the green smoothie each day without making any other changes to their usual diet saw an astounding 40 percent reduction in CRP within just one week, claimed to be the fastest diet-induced reduction in CRP ever reported in the medical literature. Here’s Dr. Fuhrman’s recipe if you want to try it yourself: half a pound of dark green leafy vegetables (such as baby kale), two and a quarter cups of blueberries, one banana, one tablespoon of unsweetened cocoa powder, one tablespoon of ground flaxseeds, half a cup of water, and half a cup of either plain or vanilla soymilk or unsweetened vanilla almond milk.1243


The secret to the green smoothie may lie in how it’s made. High-speed liquification may enhance the liberation of nutrients. If you blenderize spinach, for example, the bioavailability of its beta-carotene is boosted by nearly 50 percent compared to mincing it, and you get closer to 90 percent more than if you ate the leaves whole.1244 The same amount of food, but greater or lesser levels of nutrients make it into your bloodstream depending on how you prepare it. The chlorophyll itself may also play a role. It’s been found to be anti-inflammatory in a petri dish1245 and in animal studies,1246 reducing “paw volume”—that is, how swollen their paws get when injected with some inflammatory irritant. However, the anti-inflammatory effects of chlorophyll have yet to be tested clinically.


Cruciferous vegetables, which encompass kale, collard greens, and others in the broccoli family, may be particularly anti-inflammatory,1247 which could help explain why they are also more closely associated with living a longer life compared to other veggies.1248 Special cruciferous compounds appear to inhibit NF-κB, which is a central mediator of inflammation that regulates a battery of pro-inflammatory genes, though it may take eating about two pounds a day to significantly drop IL-6 levels within two weeks.1249 However, even just about an ounce of broccoli sprouts a day can significantly reduce CRP levels and cut IL-6 in half.1250 They can easily be sprouted at home year-round in a mason jar for about twenty-five cents a cup.




Hot Tomato


Have any vegetables other than greens been shown to lower inflammation in people? Purple-fleshed potatoes,1251 tomato juice1252 and tomato paste1253 (but not tomato extract supplements1254), and shiitake mushrooms.1255 Details in see.nf/veggies.










GRAIN OF TRUTH


Consistent with recommendations from leading cancer1256 and heart disease1257 authorities, I suggest getting at least three daily servings of whole grains. A meta-analysis of eleven studies estimated that such intake would translate into a 17 percent lower overall risk for mortality.1258 (Amusingly, the authors had a typo, writing instead about “risks for morality.” Angel food cake versus devil’s food cake?)


The findings aren’t surprising, given that whole grain consumption has been associated with a lower risk of dying from cardiovascular disease, cancer, diabetes, and inflammatory diseases in general.1259,1260 Put simply, millions of people around the world every year could potentially save their own lives by eating more whole grains.1261 Interventional trials are required to establish cause and effect, though. I review the randomized controlled trials in see.nf/grains, which found that anti-inflammatory effects may be limited to certain subgroups.








THE FLAX OF LIFE


Like whole grains, nuts are linked to lower inflammation in population studies,1262 as well as lower risks of death from inflammatory disease1263 and all causes put together.1264 The interventional trial data, however, are underwhelming. Only two of six of the inflammatory markers tracked in longer-term trials responded to nut consumption.1265 Certain seeds hold more promise in this dimension.


Watch see.nf/sesame to learn what a quarter cup of sesame seeds a day can do for knee osteoarthritis pain1266 and see.nf/oxylipins to see what happens when people are randomized to muffins with flaxseeds versus placebo muffins.1267 Though flaxseeds also reduce conventional inflammatory markers,1268 the mechanism by which ground flaxseeds reduce blood pressure appears to be through the reduction of oxylipins, pro-inflammatory compounds thought to be involved in inflammaging that rise with age.1269 But middle-aged adults randomized to eat muffins containing ground flaxseed were able to drop their oxylipin levels down to what one would expect to see in a twenty-year-old within just four weeks.1270







THE SPICE OF LIFE


Spices have been used for centuries to treat inflammatory disorders.1271 If you recall, turmeric is scored as the most anti-inflammatory food in the Dietary Inflammatory Index.1272 In vitro, curcumin—the pigment in the spice responsible for its bright yellow color—has an anti-inflammatory profile that is stronger and broader than that of the powerful anti-inflammatory corticosteroid drug prednisolone.1273 Many turmeric preparations have proven to be beneficial for inflammatory diseases of the joints,1274 lungs,1275 skin,1276 and gut,1277 including purified curcumin, turmeric extracts, and about a daily half teaspoon of the plain spice you can buy at your local market.1278 Although curcumin from turmeric doesn’t appear to blunt the acute pro-inflammatory effects of a milkshake,1279 for example, when taken over time, randomized controlled trials clearly show a drop in a variety of inflammatory markers.1280,1281


Ginger and garlic follow turmeric as the most anti-inflammatory foods in the Dietary Inflammatory Index.1282 A meta-analysis of more than a dozen randomized controlled studies lasting four to twelve weeks using a half teaspoon to one and three-quarters teaspoons of ground ginger found a significant reduction in inflammatory markers.1283


Ginger powder has been used to successfully treat rheumatoid arthritis1284 and osteoarthritis.1285 Its pain-reducing effects are on par with ibuprofen,1286 and it is protective1287 rather than damaging to the stomach lining.1288 One-eighth of a teaspoon of powdered ginger, which can cost a single penny, can work as well as the migraine headache drug Imitrex without the medication’s side effects.1289 Taking a third of a teaspoon up to a full teaspoon each day for a few days before your period was shown to significantly lessen menstrual pain and dramatically stanch heavy bleeding.1290 Dried ginger powder is expected to work better than fresh, since the most potent anti-inflammatory components are dehydration products formed during the drying process.1291


Garlic powder can also reduce inflammation blood markers.1292 Compared to placebo, a third of a teaspoon a day was found to significantly improve pain intensity, tender joint count, fatigue, and disease activity among women with active rheumatoid arthritis.1293 Any significant side effects? Just body odor and bad breath.1294


Anti-inflammatory effects have also been documented for cloves, rosemary,1295 dill,1296 cinnamon1297 (choose Ceylon, not cassia1298), and cocoa (except when given with milk).1299 Details in see.nf/spicy.




Chamomile Tea May Be Too Anti-Inflammatory During Late Pregnancy


The single most anti-inflammatory beverage in the Dietary Inflammatory Index is tea.1300 Green tea is so anti-inflammatory it can be used for pain control as a mouthwash after wisdom tooth surgery.1301 Chamomile tea is so anti-inflammatory that it may not be safe to drink regularly during late pregnancy, for fear it might prematurely constrict the fetal ductus arteriosus, a temporary blood vessel that the body keeps open with inflammatory compounds to allow the fetus to “breathe” in the womb.1302 For details, see my video see.nf/thirdtrimester.













ANTI-INFLAMMATORY DRUGS


If inflammation plays a key role in the aging process, what about taking over-the-counter anti-inflammatory drugs like aspirin?




ASPIRIN


Aspirin has been shown to extend the lifespan of mice and other model organisms.1303 It’s been around in pill form for more than a century and is perhaps the most commonly used medication in the world.1304 We’ve been using its active anti-inflammatory ingredient, salicylic acid, for thousands of years, though, in its natural form (as an extract of willow tree bark) to ease pain and fever.1305 One reason it remains so popular despite the existence of even better anti-inflammatory painkillers today is that it’s used on a daily basis by millions of people as a blood thinner to reduce the risk of a heart attack.


The benefits of taking a daily aspirin must be weighed against the risk of internal bleeding complications. My video see.nf/aspirin runs through all the numbers. In short, taking an aspirin a day is generally not recommended for those without a known history of heart disease or stroke,1306 particularly among the elderly, as the risk of bleeding complications increases sharply in individuals over seventy years of age.1307 How can we get the anti-inflammatory effects without the bleeding risk?


Aspirin is actually two drugs in one. It’s technically acetylsalicylic acid. Within minutes of swallowing aspirin, enzymes in our gut split it apart into an acetyl group and salicylic acid.1308 The acetyl group is what inactivates our platelets and thins our blood. If we could consume salicylic acid directly, we could combat inflammation without the risk of bleeding. That’s exactly what we can do with diet.




Vitamin S


In my How Not to Die chapter on avoiding iatrogenic (doctor-induced) death, I note in the aspirin discussion that the willow tree isn’t the only plant that contains salicylic acid precursors. They are widely found throughout the plant kingdom in many fruits and vegetables.1309 In fact, the blood levels of people eating plant-based diets actually overlap with some of those taking low-dose aspirin,1310 but they can end up with a significantly lower risk of ulcers1311 due to gut-protective nutrients prepackaged in plants along with the salicylic acid.1312


Whole,1313 organic,1314 unpeeled1315 plants have higher concentrations of these aspirin phytonutrients. Standouts include beets, green peas, avocados, dates, nuts, cocoa,1316 lentils, and buckwheat, but herbs and spices contain the highest concentrations.1317,1318 Dried basil,1319 chili powder,1320 coriander,1321 dried oregano, paprika, and turmeric are rich in the compound, but cumin has the most per serving. A single teaspoon of ground cumin may have more salicylic acid than a baby aspirin.1322,1323


The spicier the better. A spicy vegetable vindaloo has been calculated to contain four times as much salicylic acid–type compounds as a milder Madras-style veggie dish. Approximately one in four vegetarians tested in rural India had blood levels above the lower end of those taking aspirin every day.1324 This may help explain why India, with its traditionally spice-rich diets, has among the lowest worldwide rates of colorectal cancer1325—the cancer that appears most sensitive to aspirin’s effects.1326


The benefits of salicylic acid are another reason you should strive to choose organic produce. Because a plant uses the compound as a defense hormone, its concentration may be increased when it is bitten by bugs. Pesticide-laden plants aren’t nibbled as much, which may be why they appear to produce less salicylic acid. In one study, for example, soup made from organic vegetables was found to contain nearly six times more salicylic acid than soup prepared from conventional, nonorganically grown ingredients.1327


Given the strength of the aspirin evidence, some in the public health community talk of a widespread “salicylic acid deficiency” and have proposed that the compound be classified as an essential vitamin: “Vitamin S.”1328 Whether it’s the salicylic acid or a combination of other phytonutrients that accounts for the benefits of whole plant foods, the solution is the same: Eat more of them.




Food for Thought




Aging can be thought of as an inflammatory disease.1329 A single measurement of inflammatory markers, such as CRP or IL-6, can predict physical and cognitive performance, as well as remaining lifespan in elderly individuals. In a study of thousands of individuals followed over time, only about a third of those with age-related diseases starting out with a CRP above 10 mg/L were alive five years later, whereas, among those with a CRP of 3 mg/L or lower, only about a third were dead within the same time frame.1330





Thankfully, excess inflammation can be extinguished through changes in diet. Those eating lower on the Dietary Inflammatory Index in middle age are more likely to age successfully, which is defined as living independently with no major chronic diseases, no symptoms of depression, no function-limiting pain, and good overall self-perceived health—good social health, good physicality, and good mental function.1331 The associated extension of both healthspan and lifespan suggests anti-inflammatory may be synonymous with anti-aging.1332


To help slow this aging pathway, on a daily basis, consider:




	reducing dietary and endogenous exposure to inflammatory AGEs (see the Glycation chapter)


	reducing senescent cell SASP inflammation (see the Cellular Senescence chapter)


	boosting autophagy to help clear out inflammatory cellular debris (see the Autophagy chapter)


	applying an emollient skin lotion


	avoiding pro-inflammatory food components, such as saturated fat, endotoxins, Neu5Gc, and sodium, by minimizing intake of meat, dairy, tropical oils, and salt (one lousy breakfast could double your C-reactive protein levels within four hours before it’s even lunch time1333)


	eating foods shown to be anti-inflammatory, such as legumes, berries, greens, sodium-free tomato juice or tomato paste, oats, flaxseeds, turmeric, ginger, garlic, cinnamon, cocoa powder, dill, green and chamomile teas, and other fiber-, anthocyanin-, and salicylic acid–rich foods






















mTOR


It sounds like science fiction. Bacteria in a vial of dirt taken from a mysterious island create a compound that prolongs life. Researchers called it rapamycin—named after the bacteria’s home, the mystical Easter Island, known locally as Rapa Nui and famed for its rock-carved figures.1334 Rapamycin inhibits an enzyme that came to be known as mTOR, or “mechanistic target of rapamycin.” mTOR has since been characterized as a “master determinant of lifespan and aging.”1335




OVER THE HILL AND PICKING UP SPEED


What does the enzyme actually do? mTOR is the major regulator of growth in animals,1336 and its activation drives increases in both cell size and cell number.1337 When we’re young, mTOR is a life preserver, buoying our development, but when we’re older, it can act like a block of cement chained to our ankles, pulling us under.


The action of mTOR has been described as the engine of a “speeding car without brakes.” In this analogy, aging is a hurtling car that enters the low-speed zone of adulthood and wreaks havoc because it does not and cannot slow down. Living organisms don’t have brakes because they’ve never needed them. In the wild, animals don’t often live long enough to experience aging. Most die even before reaching adulthood, and the same used to be true for humans. Most Londoners, for example, apparently didn’t even survive to age sixteen during the seventeenth century.1338


In the face of early-age mortality, living beings need to grow as fast as possible to be able to reproduce before dying from external causes. The best evolutionary strategy may be to run at full speed. However, once we pass the finish line, once we win the race to pass on our genes, we’re still careening forward at an unsustainable pace, thanks in part to this enzyme. In our childhood, mTOR is an engine of growth, but, in adulthood, it can be thought of as the engine of aging. Nature simply selects for the brightest flame, which in turn casts the darkest shadow.


This is the so-called trade-off theory of aging, a concept technically known as antagonistic pleiotropy, in which a gene can have a positive effect when we’re young and a negative one when we’re old. That explains how genes with deleterious effects late in life can persist in a population.1339 For example, the pro-inflammatory “Alzheimer’s gene” appears to protect us against some childhood infections, major killers throughout most of human existence.1340


Unconstrained, mTOR plows full steam ahead, revving up construction pathways to churn out cellular building blocks for new growth and canceling any plans for renovation or demolition. To preserve growth at all costs, mTOR actively suppresses autophagy, countermanding cellular cleansing and rejuvenation.1341 In the Autophagy chapter, I explained how this can lead to accelerated aging. Conversely, putting the brakes on mTOR and slowing things down appear to decelerate the aging process, extending life and health. Inhibiting mTOR is considered to be the best validated aging regulator.1342


The soil bacteria collected from Easter Island weren’t making rapamycin to slow down aging but rather to slow down the growth of their natural enemy, soil fungi,1343 just like fungi make penicillin to wipe out competing bacteria. Fungi, from yeast on up, have mTOR-equivalent genes, as do all plants and animals. mTOR is the universal growth regulator of advanced life-forms.1344 So, while rapamycin originally drew attention as an antifungal drug, we soon learned it had many other effects.







UNIVERSAL ANTI-AGING DRUG


Dozens of published studies have demonstrated that, by slowing down mTOR, rapamycin extends both the average and maximum lifespans of laboratory mice.1345 What if you aren’t a rodent? Rapamycin appears to be a universal anti-aging drug that lengthens lifespan in all animals and other organisms tested to date,1346 the only known drug to do so.1347 It can even work when started in midlife.


The original experiment, conducted by the National Institute on Aging’s Interventions Testing Program and published in 2009, was delayed because the researchers were having difficulty keeping rapamycin stable in food pellets for mice. (It can’t just be dissolved in their drinking water because it’s fat soluble.1348) By the time the experiment was up and running, the mice were six hundred days old, which is equivalent to sixty human years.1349 Even though the mice started the drug so late in life, their lifespan was extended by about 12 percent, which could equate to more than seven additional years of human life.1350


Initially, it was debated whether rapamycin was a true anti-aging intervention or “merely” a potent anticancer agent, lengthening lifespans simply by preventing cancer formation.1351 mTOR signaling is hyperactive in up to 80 percent of human cancers, where it plays a pivotal role in sustaining tumor growth.1352 When rapamycin was used clinically to prevent the rejection of organ transplants (by suppressing the proliferation of immune cells that attack the new organ), a peculiar side effect was found:1353 It made cancer disappear. In a set of fifteen patients who had biopsy-proven Kaposi sarcoma, a cancer that often affects the skin, all cutaneous sarcoma lesions disappeared in all subjects within three months after starting rapamycin therapy.1354 As mTOR is the master regulator of cellular growth, the reduction in cancer incidence is unsurprising, but subsequent studies have shown that rapamycin can do so much more.


In animal models, it extends healthspan, too.1355 Rapamycin has been shown to ameliorate age-related declines in cognitive and physical function,1356 regenerate the periodontal bone that holds teeth in place,1357 and prevent hearing loss,1358 artery dysfunction,1359 and tendon stiffening.1360 It can even rejuvenate the hearts of aged mice.1361 Remarkably, health and longevity benefits could be achieved with intermittent or transient dosing, such as receiving one dose every five days1362 or just for a few months during middle age.1363


As a dog dad, I was excited to read about the Dog Aging Project, where pawrents brought their middle-aged canine companions to be randomized to a low rapamycin, high rapamycin, or placebo group for ten weeks. As in the mouse studies, rapamycin appeared to at least partially reverse some age-related heart dysfunction in the dogs without any untoward side effects. Anecdotally, most of the owners of the dogs who covertly got the rapamycin reported their pets displayed increased activity and energy compared to only a minority of those whose pooches got slipped the placebos.1364 It was time to try rapamycin in humans. I cover all the rapamycin trials to date in see.nf/rapamycin. Bottom line? It is not ready for prime time as an anti-aging drug. Is there any way to suppress mTOR without taking meds?







CALORIE RESTRICTION


For an organism to reach reproductive age as soon as possible, it certainly makes sense to plow full steam ahead, but there are times one has to slow down out of necessity. When we were evolving, we didn’t have the luxury of Uber Eats and Instacart. Periodic famine was the norm. Those who didn’t slow their roll (in terms of cellular growth) during times of scarcity might not live long enough to pass along their genes. That’s why we evolved a braking mechanism triggered by caloric restriction.


Remember AMPK, our fuel gauge enzyme? When our tank is drained, AMPK switches us to energy conservation mode, in part by shutting down mTOR via two separate mechanisms to ensure we don’t continue spending wildly while we have pennies in the bank. AMPK and mTOR can be thought of as the yin and yang of nutrient sensing and growth control.1365 One goes up as the other goes down, based on nutrient availability.


Suppression of mTOR may be a central mediator of the lifespan-extending effects of dietary restriction.1366 mTOR may explain why women hospitalized for anorexia were found to have half the risk for breast cancer.1367 The severe caloric restriction caused by their disorder may have tamped down the very mTOR expression that has been noted in breast cancer tumors and associated with more aggressive disease progression, as well as a lower survival rate among breast cancer patients.1368 Of course, as one of the deadliest psychiatric disorders,1369 anorexia nervosa also carries tremendous risk, but serious long-term caloric restriction is no cakewalk either.


Caloric restriction has been heralded by some as a fountain of youth,1370 but negative side effects may include dangerously low blood pressure, infertility, slower healing of wounds, menstrual irregularities, sensitivity to cold, and loss of strength, bone, and libido, as well as “psychological conditions such as depression, emotional deadening, and irritability.” You’re also walking around starving all the time. In the infamous Minnesota Starvation Study that used conscientious objectors as guinea pigs during World War II, many of the volunteers suffered a preoccupation with food, constant hunger, binge eating, and many emotional and psychological issues.1371 Even researchers who study caloric restriction rarely practice it themselves.1372 There’s got to be a better way to suppress mTOR.







PROTEIN RESTRICTION


The breakthrough came when scientists discovered that the benefits of eating less may not be coming from restricting calories but, rather, from restricting protein. A comprehensive, comparative meta-analysis of dietary restriction in animal models found that the proportion of protein intake was more important for life extension than was the degree of caloric restriction.1373 In fact, just reducing protein intake without any changes in caloric intake has sometimes been shown to have effects similar to restricting calories.1374 Rats fed a diet of about 8 percent protein live almost 40 percent longer than rats fed a diet that’s around 20 percent protein.1375


It makes sense that protein intake can drive mTOR activation. It’s not enough to have energy (calories); construction crews need building materials. Yes, insufficient calories can shut down mTOR by cranking up AMPK, but calories aren’t the primary inducer of mTOR activity—amino acids are, the building blocks of proteins.1376 That’s good news. Protein restriction is much easier and safer to maintain than dietary restriction, and it may be even more powerful because it suppresses mTOR and IGF-1, the two pathways thought responsible for the longevity and health benefits of caloric restriction.1377


A small handful of amino acids are particularly important: methionine and the three branched-chain amino acids (BCAA), isoleucine, leucine, and valine1378 (so named since they happen to have fatty side-chains branching off from their central structure). Restriction of these specific amino acids recapitulates many of the beneficial effects of protein restriction, which itself is the fulcrum of caloric restriction, and restricting only methionine is sufficient to extend life in a lab.1379 So, restricting all calories to boost lifespan via mTOR suppression is like fasting to manage a peanut allergy. It works, but it’s unnecessary overkill.


Where are these mTOR-accelerating amino acids concentrated? In animal proteins. There is more mTOR-stimulating leucine in whey protein than in a comparable amount of wheat protein.1380 Those eating strictly plant-based diets still tend to exceed overall protein requirements but end up taking in about 30 percent fewer BCAAs (including leucine) and 47 percent less methionine than omnivores. This translates into significantly lower levels in their blood, perhaps helping to explain the longer lives1381,1382 and lower cancer rates among those eating more plant-based.1383 (Tryptophan is the only other amino acid for which restriction alone can promote longevity, delay tumor onset, and increase average and maximum lifespans in rats.1384 It is also found in lower levels in the diets and bloodstreams of those eating plant-based diets.1385)


This may also help explain the longevity of long-living populations like that of Okinawa, Japan, who had about half the mortality rate of Americans from major age-related diseases. The traditional Okinawan diet is heavily plant-centric. Only about 10 percent is protein, and less than 1 percent is made up of animal products, the equivalent of one serving of meat a month and one egg every two months.1386 Their longevity is surpassed only by those regularly eating no meat at all, the vegetarian Adventists in California,1387 who have perhaps the highest life expectancy of any formally described population in history.1388


Individuals eating plant-based have the additional advantage of more easily avoiding palmitic acid, the saturated fat found mainly in meat and dairy that has also been shown to activate mTOR.1389 A note of caution: Those following a plant-based diet who do not ensure a regular, reliable source of vitamin B12, either through supplements or B12-fortified foods, may have elevated levels of a methionine breakdown product called homocysteine.1390 Homocysteine is also an mTOR activator,1391 but it can be detoxified with adequate B vitamin intake.







LEUCINE RESTRICTION


To combat the diet-induced mTOR boost, some researchers have suggested that drugs could be developed to block some of the intestinal absorption of the offending amino acids.1392 It makes more sense to me to just eat less of them in the first place. Leucine may be the most effective mTOR activator and is concentrated where it makes the most sense for growth promotion: in milk.1393 Whey proteins contain the highest amount of leucine, 75 percent more than beef.1394 A whey protein beverage can significantly boost mTOR activation within an hour of ingestion.1395


Bovine milk has more than three times the leucine of human milk,1396 which is reasonable because calves grow about forty times faster than human babies.1397 (Baby rats double their weight in five days, so it’s understandable that rat milk has more than ten times the leucine compared to ours.1398) Different animals have different amounts of leucine in their milk, appropriate for the growth and development needs of their offspring. No animal—except humans—drinks milk after weaning.


Milk is not a simple beverage. It has a highly sophisticated hormone-signaling system designed to activate mTOR.1399 When we drink the milk of a faster-growing species, especially later in our life, there is concern we may “over-stimulate” mTOR signaling.1400 One early, visible manifestation of excessive mTOR stimulation may be acne.


Acne is considered a disease of Western civilization, as it was rare or even nonexistent in places like Okinawa.1401 The acne-aggravating effects of milk drinking were first noted more than a century ago.1402 Those who consume the most dairy have more than double the odds of developing acne as those who consume the least.1403 Seventy-five to 90 percent of commercial dairy products in the marketplace comes from pregnant cows, so this may relate to the hormone content in milk, but mTOR alone appears to increase risk, in part by promoting the production of sebum, the oily sebaceous gland secretion.1404


Acne is considered the prototypical mTOR-driven skin disease.1405 The fact that up to 85 percent of teens in Western countries exhibit acne implies overactivated mTOR signaling1406 and offers an explanation why a history of acne has been associated with both breast1407 and prostate cancer risk.1408 mTOR is upregulated in nearly 100 percent of advanced human prostate cancers,1409 which may help explain why milk consumption has been found to be a major dietary risk factor for both the development1410 and spread of prostate cancer.1411


Milk drinkers also appear to live shorter lives, unless they drink fermented (soured) milk.1412 In the fermentation process, the lactic acid bacteria break down some of the galactose, branched-chain amino acids, and bovine microRNAs1413 (see here), which may explain why yogurt intake doesn’t carry the same risk.1414







A CUP OF TEA AND BROCCOLI


Is there anything we can eat to dampen mTOR activity? Tomato powder decreases mTOR activation in aging rats1415 and a tomato extract slowed mTOR in human breast cancer cells in a petri dish,1416 but they have yet to be clinically evaluated. Broccoli compounds, however, have been put to the test.


There’s a compound called DIM, which is formed when the cruciferous vegetable compound indole-3-carbinol hits our stomach acid,1417 and it’s been shown to suppress mTOR activation.1418 Sulforaphane, another product of consuming vegetables in the broccoli family, also cools down mTOR,1419 which may help explain why those who eat their greens live, on average, longer, more healthful lives.1420


Given that hyperactive mTOR signaling may play a role in autism,1421 researchers from Johns Hopkins and Harvard conducted a double-blind, randomized, placebo-controlled trial with an amount of sulforaphane equivalent to a few cups of broccoli a day in young men with autism1422 and showed benefits no drug has ever matched.1423 (Details in see.nf/autism.)


Is there anything we can drink to dampen mTOR activity? Exposing yeast cells to the level of caffeine that would be found in your bloodstream after a cup of coffee led to an inhibition of TOR activity sufficient to extend life.1424 In mice, both caffeinated and decaffeinated coffee consumption was able to downregulate mTOR to a similar extent, suggesting there’s something other than caffeine in coffee that may be helping.1425 Similarly, green tea contains the flavonoid EGCG that itself suppresses mTOR activity at physiologically relevant concentrations.1426 This could help explain why a topical 2 percent green tea lotion can cut the number of pimples in half1427 and why green tea consumption is associated with living a longer life.1428







WHAT ABOUT MUSCLE MAINTENANCE?


If dietary changes are so good at suppressing mTOR, might we be concerned about rapamycin-style side effects? The enzyme is part of two different protein complexes—mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2). mTORC1 is the aging accelerator, whereas mTORC2 actually appears to be protective. Unfortunately, rapamycin inhibits both, and with mTORC2 disruption come many of its adverse effects. Protein restriction, however, targets only mTORC1, so you get the best of both worlds.1429 Is there any downside to dietary mTOR suppression?


mTOR signaling is required for the bulking of muscle mass in response to resistance exercise,1430 raising the possibility of, as one rehabilitation medicine journal editorial title put it, “The mTOR Conundrum: Essential for Muscle Function, but Dangerous for Survival.”1431 However, the suggestion that leucine restriction might accelerate the rate of muscle loss with aging does not seem to be supported. Higher mTOR activation in men may help explain why they tend to live shorter lives than women,1432 yet men experience a higher rate of age-related muscle loss.1433 And, giving months of leucine supplements with meals to elderly men did nothing to increase muscle mass or strength.1434,1435


In mice, blocking mTOR with rapamycin protects aging muscle. Mice genetically engineered to overstimulate mTOR suffer a catastrophic collapse of muscle mass, which is prevented by mTOR inhibition. This suggests that, if anything, mTOR may drive detrimental muscle aging.1436




Food for Thought




The enzyme mTOR is recognized as a major driver of aging,1437 the “Grand ConducTOR” of aging, if you will.1438 (mTOR seems to bring out the punny side of study authors: “TORwards a Victory over Aging”1439 or, my favorite, “The Magic ‘Hammer’ of TOR.”1440) Perhaps more so than any other single anti-aging strategy, mTOR inhibition disrupts a panoply of degenerative processes,1441 explaining why the mTOR-blocking drug rapamycin is currently the most effective pharmacological approach ever devised for targeting aging.1442 Nonpharmacological approaches to slowing this “pacemaker of aging”1443 include the restriction of certain amino acids, such as methionine and leucine, protein restriction in general, or full dietary restriction.





To help slow this aging pathway, on a daily basis, consider:




	following all the steps to boost AMPK from here



	striving to stick to the recommended daily intake of protein, 0.8 g per healthy kg of body weight (0.36 g per pound), which translates to about 45 g a day for the average-height woman and about 55 g a day for the average-height man


	choosing plant-based protein sources whenever possible

















OXIDATION



Earl Stadtman, revered biochemist and recipient of the National Medal of Science, the highest honor for scientific achievement in the United States, once said, “Aging is a disease. The human lifespan simply reflects the level of free radical damage that accumulates in cells. When enough damage accumulates, cells can’t survive properly anymore, and they just give up.”1444


This concept, first proposed in 19721445 and known today as the mitochondrial theory of aging, suggests that, over time, free radical damage to our mitochondria leads to a loss of cellular function and energy. Our mitochondria are the power source for our cells. Think about charging your phone over and over; its capacity diminishes every time you recharge it. Similarly, as our power plant mitochondria accumulate free radical damage, they may also lose function over time.




HULK SMASH


For a refresher on what exactly free radicals are and how they are formed, see my comic-book characterization of the quantum biology of oxidative phosphorylation in the brain disease chapter in How Not to Die. Suffice it to say, free radicals tend to be unstable, violently reactive molecules with an unpaired electron.


Electrons, tiny building blocks of matter, like to travel in pairs. Free radicals try to pair their unmatched electrons by stealing electrons away from any molecule in their path.1446 This can have varying effects, depending on what kind of molecule is mugged. When fat is attacked, cell membranes can be disrupted.1447 When enzymes are targeted, they can become inactivated.1448 When other proteins are damaged, they can unravel and create new structures that our very own immune system may attack as foreign, thus leading to a form of autoimmune inflammation.1449 And, when free radicals rip electrons from our DNA, our genes can become mutated and our DNA strands literally broken.1450 Thankfully, our body has an array of antioxidant defenses that can harmlessly donate spare electrons and thereby defuse free radicals.


An imbalance between excess free radicals and inadequate antioxidant defenses is known as oxidative stress. According to the theory, the resultant cellular damage essentially causes aging. So, aging and disease are conceptualized as the oxidation of our body. Those brown age spots on the back of your hands? Oxidized fat and protein under the skin. Oxidant stress is thought to be why we get wrinkles1451 and become more forgetful,1452 and why our organ systems break down as we get older. In sum, the theory goes, we’re rusting.1453 (Rust is the oxidation of metal.) That’s the rationale for eating more antioxidants, but does that actually work? Despite 20,000 published reviews of more than a quarter million papers on antioxidants,1454 it remains a controversial topic.1455 First, let’s examine if the theory about oxidation and aging is even true.







THE ONLY THEORY THAT EXPLAINS THE SPREAD


More than three hundred theories of aging have been proposed.1456 Although none has achieved general acceptance,1457 the mere fact that the mitochondrial theory has persisted for nearly half a century lends it a certain weight.1458 Its origins can even be traced back decades earlier than Stadtman’s proposal in the 1970s—back to when scientists noted a parallel between many of the manifestations of aging and the DNA-damaging effects of radiation exposure.1459 This led to the free radical theory of aging of 1956, the proposal that aging was due to the accumulation of oxidative tissue damage.1460 Then, with the realization that mitochondria were the major source of cellular free radical formation, it morphed into the mitochondrial theory.1461


Any successful theory of aging must be able to solve a fundamental mystery: Why do the maximum lifespans of animals vary so widely? There is a two hundredfold difference among mammals. Some shrews may only live for a year, while bowhead whales can reach two hundred years or more1462—and they’re only the second-longest living animal.1463 The ocean quahog, a clam in the North Atlantic, can live to be more than five hundred years old.1464 That’s thousands of times that of some other invertebrates that may only survive a few days. Just one theory of aging can account for the only known parameters that can explain this spread: the mitochondrial theory.1465


This theory proposes that the lower the rate of mitochondrial free radical production, the longer animals live. This is not a matter of metabolic rate. Bats and birds, for example, have high metabolisms yet relatively high longevity. The mitochondria of long-lived species simply appear to be more efficient. They often leak fewer electrons, which correlates with less oxidative damage to mitochondrial DNA.1466 (Mitochondria have their own tiny loops of DNA commonly thought to code for just thirteen proteins,1467 separate from the bulk of DNA coding of the more than 20,000 genes in the cellular nucleus.1468) Thankfully, mitochondrial efficiency is not some immutable characteristic. We may be able to reduce our mitochondrial free radical production rate through exercising,1469 as well as by making a single dietary tweak—lowering our intake of the amino acid methionine.1470








HOW TO LOWER METHIONINE INTAKE



The methionine content of tissues is linked tightly to maximum lifespan among mammals. The lower the methionine, the longer the longevity. This makes sense within the mitochondrial theory, since methionine is the protein component most susceptible to oxidation.1471 High methionine levels don’t just make you vulnerable to oxidative stress, though—they actively cause it. This can even be demonstrated in a test tube. When methionine is dripped onto isolated mitochondria, they start churning out more free radicals.1472 To see if diet can dial it down, researchers put it to the test.


In rodents, a dietary restriction of 40 percent less food decreases the rate of mitochondrial free radical generation and increases lifespan. This was found to be due to the drop in protein intake. Rather than restricting diet across the board, just cutting protein had the same effects, whereas fat or carbohydrate restriction alone affected neither free radical formation nor longevity. In turn, the beneficial effects of protein restriction on mitochondrial function were found to be due to the drop in the single amino acid methionine.1473 Restricting all dietary amino acids except methionine had no effect on mitochondrial free radical flux or DNA damage, but restriction of just methionine did both.1474 This led to the conclusion that the electron leakiness of mitochondria appeared to be controlled by the amount of methionine in the diet.1475


Within a period of seven weeks, restricting the intake of methionine in rats lessened electron leakage, free radical formation, and mitochondrial DNA damage.1476 Consistent with the mitochondrial theory, this appeared to slow aging, as evidenced by a reduction in the incidence of a range of degenerative age-related ailments and an extension of lifespan.1477 As discussed in chapters on other anti-aging pathways, such as autophagy (see here), there are many ways dietary restriction can prolong life, but methionine restriction alone is thought to account for about 50 percent of the lifespan extension attributed to full dietary restriction.1478


There are three ways to lower methionine intake. We can decrease our overall intake of food, but that can leave us hungry, and we can also lower methionine by just decreasing our overall intake of protein.1479 Many Americans get more than twice as much protein as is needed,1480 so it could be a matter of going from excessive intakes to the recommended intake.1481 Doing so has been shown to offer a variety of metabolic payoffs within a matter of weeks, thought due to the concurrent drop in branched-chain amino acid intake.1482 Speaking of bonus benefit, the third way to reduce our methionine intake is by swapping out animal protein for plant protein.1483 (See the methionine sources graph here.)


At one time, the comparably low methionine content in legumes (beans, split peas, chickpeas, and lentils) had been considered a nutritional disadvantage, but longevity researchers have concluded that the newly discovered multitude of benefits ascribed to methionine restriction “ironically converts such ‘disadvantage’ into a strong advantage.”1484 This is consistent with data showing legume consumption may be the most important dietary predictor of survival in older people around the world,1485 a cornerstone of longevity Blue Zones diets.1486 Plant-based diets are said to make methionine restriction “feasible as a life extension strategy.”1487







WHAT ABOUT ANTIOXIDANT SUPPLEMENTS?


Antioxidant supplements are a multibillion-dollar industry1488 and frequently touted as having anti-aging benefits, despite hundreds of studies failing to find clear evidence of such effects.1489 Those taking antioxidant supplements don’t appear to live any longer.1490 What’s more, when put to the test in randomized controlled trials, beta-carotene, vitamin A, and vitamin E supplements seem to increase mortality.1491 In effect, supplement users may be paying to live a shorter life.


My video see.nf/antioxsupplements explains why. For example, supplements contain only a select few antioxidants, whereas our body relies on hundreds of them, all working together to create a network to help dispose of free radicals.1492 High doses of a single antioxidant may upset this delicate balance.1493 Rather than working in isolation, antioxidant compounds can act synergistically.1494 In essence, the whole (food) may be greater than the sum of its parts.1495


As I explain in the video, the bottom line is that the close proximity or even physical contact between mitochondrial DNA and the source of free radical formation likely explains why antioxidants can’t seem to slow the rate of aging,1496 but that doesn’t mean antioxidants can’t prevent age-related diseases linked to oxidative damage to the 99.999995 percent1497 of our DNA outside the mitochondria.







FREE RADICALS ACCELERATE AGING


Our nonmitochondrial DNA is compartmentalized inside the cell nucleus, out of the direct line of fire from the mitochondria, but it is still subject to constant assault from free radicals. Each day, our genome suffers an estimated 70,000 hits, manifesting largely as single-stranded breaks in the DNA double helix. Thankfully, we have an array of DNA repair mechanisms (the subject of a Nobel Prize in 2015) that may be able to fix a break before the cell divides and passes along the DNA lesion as a mutation.1498 Unfortunately, our DNA repair capacity declines with age,1499 which may explain the accumulation of DNA damage seen in older individuals1500 (though centenarians tend to escape with relatively less oxidative damage).1501 Why do we believe this is not just a consequence of aging but a cause of it? The most compelling evidence is that most of the rare genetic syndromes of premature aging are caused by mutations of DNA repair genes.1502 Parallels have also been drawn with the long-term effects of cancer treatment.


Radiation therapy and genotoxic chemotherapy work by purposefully creating free radical–induced DNA damage to kill rapidly dividing cancer cells. All exposed cells are affected, though, not just cancerous ones. If DNA damage is a driver of aging, one would expect such cancer survivors to suffer prematurely from age-related disability, and that indeed appears to be the case, with survivors experiencing conditions such as arthritis decades earlier than expected. Twenty percent of survivors of childhood cancers have a heart attack or stroke by age fifty compared to only one percent of their siblings by that age. Ten percent of seniors aged sixty-five or older suffer from frailty, a disabling loss of endurance and strength. That’s the same percentage of pediatric cancer survivors suffering from frailty in their thirties. Whether arising from congenital deficiencies in DNA repair or exposure to genotoxic agents, the consequence of excess DNA damage appears to be the same: accelerated aging.1503


Oxidative stress has been implicated in hair graying;1504 the development of cataracts, arthritis, frailty, and neurodegenerative, cardiovascular, kidney, and pulmonary diseases;1505 cognitive decline; age-related macular degeneration;1506 and muscle loss.1507 Lowering antioxidant defenses in mice results in accelerated hearing loss, cataract formation, and cardiac dysfunction, whereas increasing antioxidant capacity affects the reverse,1508 delaying age-related disease.1509 So, in this aging pathway, lifespan modulation may require quelling free radical formation, but healthspan enhancement may be achieved through bolstering our antioxidant defenses to help quash the resulting oxidant stress.







OUR ORIGINAL DIET


The paleo diet view of human nutrition posits that the agricultural revolution over the last 10,000 years is but an evolutionary eye blink and humans are adapted to Paleolithic diets heavy with lean meat.1510 Why stop there? If our entire evolutionary timeline were scaled down to a year, the last 200,000 years of Stone Age humanity would be but a few days, representing just the last 1 percent of the roughly twenty million years we’ve been evolving since our common great ape ancestor.1511


During our truly formative years, perhaps the first 90 percent of our existence before we learned how to use tools, our nutritional requirements reflected an ancestral past in which we ate mostly leaves, flowers, and fruits,1512 similar to that of our fellow great apes.1513 This could explain why fruits and vegetables are not only good for us but are, in fact, vital to our survival.1514


Humans are one of the few mammals so adapted to a plant-based diet that if we don’t eat enough produce, we could actually die from scurvy, a disease of vitamin C deficiency.1515 Most other animals make their own vitamin C, but why would our body expend all that effort to do the same when we evolved hanging out in the trees and eating fruits and veggies all day long?1516


Presumably, it’s not a coincidence that the few other mammals unable to synthesize their own vitamin C—such as guinea pigs, fruit bats, and some rabbits—are all strongly herbivorous, just like the great apes.1517 Data from human fossilized feces deposited in the Stone Age tell us that we may have been getting up to ten times more vitamin C and ten times more dietary fiber than we do today.1518,1519 Are these incredibly high-nutrient intakes simply an unavoidable by-product of eating whole plant foods all the time, or might they actually be serving some important function, like antioxidant defense?1520


Plants create an impressive array of antioxidants from scratch to defend their own structures against free radicals in the firestorm of photosynthesis.1521 There is a reason plants can lounge about in the sun all day long without getting sunburned (which in us is an inflammatory reaction to the DNA damage created in part by UV ray–induced free radicals).1522 The human body must defend itself against the same types of pro-oxidants, so we, too, have evolved an array of amazing antioxidant enzymes that are effective—but they aren’t infallible. Indeed, free radicals can breach our defenses and cause cumulative DNA damage with age.1523 This is where plants can come in.


Plants make antioxidants so we don’t have to. Since antioxidant-rich foods traditionally formed such a major part of our ancestral diet, we didn’t have to evolve that great of an antioxidant system. We could just let the plants in our diet pull some of the weight, like giving us vitamin C so we didn’t have to be bothered to make it ourselves.1524 Using plants as a crutch may well have relieved the pressure for further evolutionary development of our own defenses. So, we became dependent on getting massive quantities of plant foods in our diet, and, when we don’t, we may suffer adverse health consequences.


At what point in our evolutionary history did we stop consuming enough antioxidant-rich plants? Even during the Stone Age, this may not have been a problem. Only recently did we start giving up on whole plant foods.1525 Today, paleo and low-carb followers may actually be eating more vegetables than those on standard Western diets.1526 Great! The problem isn’t that people want to cut their carb intake by swapping out junk food in favor of vegetables. The concern is the shift toward animal-sourced foods. According to NYU nutrition professor emerita Marion Nestle, if there is one takeaway from anthropological studies of ancestral diets, it’s that “diets based largely on plant foods promote health and longevity.…”1527







WHICH FOODS HAVE THE MOST ANTIOXIDANTS?


In many ways, our prehistoric ancestors consumed a larger amount of antioxidants than we do but had less need for them. In modern life, we are surrounded by new pro-oxidant stresses—from air pollution and cigarette smoke, to alcohol and junk food, and pesticides and industrial chemicals.1528 This makes it even more important to buttress our inherent antioxidant defenses with antioxidant-rich foods. Today, we have the advantage of being able to get seasonal produce, such as frozen berries, from around the world at any time of the year, making it much easier to have a steady intake of antioxidants in our diet.


Given that the total antioxidant capacity of our diet correlates with a lower risk of getting1529 and dying from cancer1530 and all causes of death put together,1531 scientists set out to find the most antioxidant-rich foods. Sixteen researchers from around the world published a database of the antioxidant power of more than 3,000 different foods, beverages, supplements, herbs, and spices. They tested everything from Cap’n Crunch cereal to the crushed dried leaves of the African baobab tree to see what has the most antioxidants. They even tested dozens of brands of beer. (Santa Claus beer from Eggenberg, Austria, tied for the most antioxidant-rich brew.)1532 Beer actually represents Americans’ fourth-largest source of dietary antioxidants.1533 Check out the chart to find out where your favorite foods and beverages rank in see.nf/antioxidantlist.


There is no need to post the entire 138-page chart on your refrigerator. Just remember this simple rule: On average, plant foods contain sixty-four times more antioxidants than animal foods.1534 As the researchers noted, “antioxidant-rich foods originate from the plant kingdom while meat, fish and other foods from the animal kingdom are low in antioxidants.” Even iceberg lettuce, which is 96 percent water1535 and the least healthy plant food I can think of, contains seventeen units (micromoles per decagram using a modified FRAP assay) of antioxidant power. To give you some perspective, some berries have more than one thousand units, making iceberg pale in comparison. But compare iceberg’s seventeen units to some common animal products. Fresh salmon has only three units of antioxidant power, chicken as few as five units, and skim milk and a hard-boiled egg have just four units each. “Diets comprised mainly of animal-based foods are thus low in antioxidant content,” concluded the research team, “while diets based mainly on a variety of plant-based foods are antioxidant rich, due to the thousands of bioactive antioxidant phytochemicals found in plants which are conserved in many foods and beverages.”


Among plant foods, berries average about ten times the antioxidant power of other fruits and vegetables, and are beat out only by herbs and spices. Cherries may have up to 714 units, but there is no need to cherry-pick individual foods to boost your antioxidant intake. Simply strive to include a variety of fruits, vegetables, and salt-free seasonings at every meal. That way, you can continuously flood your body with antioxidants to help ward off age-related disease.







BOOSTING BLOOD ANTIOXIDANT CAPACITY


Just as you can measure the amounts of antioxidants in foods and beverages, you can measure the antioxidant level in the bloodstream. Compared to most foods in the produce aisle, the antioxidant level in our body is kind of pitiful. Like meat, we don’t even make it up to iceberg lettuce level!1536 Then again, meat is what we’re made of, so I guess it’s not that surprising.


Rather than just measuring the antioxidant power of a food in a test tube, tracking the change in antioxidant capacity of our blood after eating provides confirmation that antioxidants are effectively being absorbed into our system. Antioxidant supplements may not be able to move the needle1537 or decrease oxidative DNA damage,1538,1539 but fruits and vegetables can do both.1540,1541,1542 And the greater our blood antioxidant status, the longer we tend to live.1543


Bloodstream antioxidant capacity may just be a marker of healthier eating in general,1544 but at least one study found that the mortality benefit persisted independent of fiber intake.1545 This suggests that we aren’t living longer just because we’re eating more whole plant foods in general, though tea may be a confounder. Tea has no fiber and is the single leading contributor of antioxidants in the American diet.1546 Tea consumption alone is associated with a longer lifespan,1547 so it would be interesting to see if the protective antioxidant association with premature mortality would survive after controlling for tea intake.







ANTIOXIDANT-RICH FOODS AT EVERY MEAL


Every meal is an opportunity to tip the balance in a pro-oxidant or antioxidant direction. Eating a single meal deficient in antioxidant-rich foods can leave us in a pro-oxidant state for hours, coinciding with a drop in antioxidants in our blood as our body’s stores are slowly used up.1548 (Details in see.nf/antioxidantmeals.) We don’t want to slide backward every day and end up with fewer antioxidants in our body than we woke up with. This is especially important in the context of increased oxidative stress due to illness, secondhand smoke, air pollution, or sleep deprivation.1549


There was a remarkable study published in the Journal of Biomedical Optics that detailed a novel experiment in which German researchers noninvasively tracked people’s antioxidant levels using an argon laser to measure, in real time, the fluctuating antioxidant levels in their skin. Their most important finding was that antioxidant levels can plummet within two hours of a stressful event and may take up to three days to get back to normal.1550 Hours to lose, but days to recover, so healthier eating is especially important when we anticipate we’ll be stressed, sick, or tired. Ideally, we would be having antioxidant-rich foods at every meal and snack.







HOW TO REDUCE DNA DAMAGE


Sadly, most Americans eat a lot of pale foods—white bread, white potatoes, white pasta, and white rice—but colorful foods are often better for us because of their antioxidant pigments. Blueberries are one of the most vividly tinted foods, and the data don’t disappoint. A half cup of blueberries is able to blunt the drop in antioxidant capacity of our blood in the hours after consuming a berry-free sugary breakfast cereal (though a quarter cup cannot).1551 Over time, those randomized to twice-daily blueberry smoothies halved the levels of a potent free radical in their blood within six weeks, which could then translate into enhanced DNA protection.1552


Researchers drew blood from people before and after they ate two cups of defrosted frozen blueberries and exposed their white blood cells to free radicals in the form of hydrogen peroxide.1553 The blueberries significantly reduced the ensuing DNA damage within an hour of consumption. However, the protective effect was transient. DNA vulnerability returned within two hours, so again, we should aim to eat supercharged antioxidant-rich foods multiple times a day.


In a test tube, lemons, persimmons, strawberries, broccoli, celery, and apples all conferred DNA protection to human cells, but that presumes that the active components would get absorbed into the bloodstream at the concentration found to be protective.1554 There are, however, foods that have been demonstrated to reduce DNA damage when actually eaten:




	one daily ounce of mixed nuts (walnuts, almonds, and hazelnuts) can reduce damage within twelve weeks,1555



	five teaspoons a day of tomato paste within just two weeks,1556



	three-quarters of a cup of microwaved frozen spinach1557 or one cup of other cooked green leafy vegetables a day within three weeks,1558



	
about four daily teaspoons of spinach powder within two weeks,1559



	two cups a day of steamed brussels sprouts within six days,1560



	a single serving of watercress within two hours,1561



	about one and a half cups of green tea1562 or tomato,1563 orange,1564 blood orange,1565 or carrot juice1566 within hours to weeks, and


	eight kiwifruit within four hours1567 or one kiwifruit a day for three weeks (with no significant difference found between eating one, two, or three a day).1568






Kiwis,1569 cooked carrots,1570 and green tea1571 have the additional distinction of being able to facilitate DNA repair, something previously presumed not to be readily affected by diet.1572 Can we just take a pill? A supplement containing the same amounts of alpha- and beta-carotene as the carrots failed to achieve the same effect.1573


Whole-food extracts of apples,1574 oranges,1575 spinach,1576 and blueberries1577 have been shown to increase the lifespan of C. elegans, and there are individual phytonutrients, such as gallic acid, that can not only extend C. elegans lifespan1578 but also reduce human DNA damage within days1579—and do so at the daily dose found in a half cup of strawberries, half a mango, or a few tablespoons of carob powder, though whole foods may work even better.1580 Whole apple extract has been found to extend the average lifespan of C. elegans by 39 percent, which is twice that of individual apple fractions or single apple phytonutrients,1581 such as quercetin, which only prolonged average lifespan by 15 percent.1582 Lemon-infused water—not even the whole fruit—increased the lifespan and healthspan of mice compared to a lifetime of drinking regular water,1583 and amla,1584 cinnamon,1585 cocoa,1586 and turmeric1587 have all been shown to extend the longevity of fruit flies. In humans, the daily dose of antioxidants associated with a 7 percent lower risk of premature death can be found in about one cup of cooked spinach or just two-thirds of a cup of blackberries.1588







SPICE IT UP


Spices are the most potent DNA protectors. Just one week of eating about two teaspoons of rosemary or sage a day, one and a half teaspoons of ground ginger or cumin, three-fourths of a teaspoon of paprika, or even just a tenth of a teaspoon of cooked turmeric can protect against breakage of our strands of DNA.1589 A daily quarter teaspoon of amla—dried Indian gooseberry powder—was also found to decrease oxidative DNA damage.1590 This is to be expected, as ounce for ounce, dried herbs and spices pack the greatest antioxidant punch.1591


Herbs and spices max out at ten times the antioxidant power of nuts and seeds, for example. Of course, it’s easier to eat an ounce of nuts than it is to eat an ounce of nutmeg, but some herbs and spices are so off-the-charts that even just a small pinch can go a long way. For example, adding a single teaspoon of dried oregano to a bowl of whole-wheat spaghetti with marinara and steamed broccoli nearly doubles the antioxidant power of the dish. Even just two-thirds of a teaspoon of marjoram would offer the same boost. A half teaspoon of cinnamon more than quintuples the antioxidant content of a bowl of oatmeal,1592 and we have verification of bioavailability. A dozen randomized controlled trials have shown that cinnamon—both the cassia and Ceylon varieties—can increase the antioxidant capacity of our bloodstream and reduce free radical damage at doses ranging from just half a teaspoon to one and a half teaspoons a day.1593


Don’t forget fresh herbs. A tablespoon of fresh lemon balm leaves approximately doubles the antioxidant content of a salad of lettuce and tomato, as does half a tablespoon of oregano or mint or even three-fourths of a teaspoon of marjoram, thyme, or sage.1594 When you’re whipping up a dressing, keep in mind that dozens of randomized controlled trials have shown that small doses of ginger1595 and garlic1596 can increase the antioxidant capacity of your bloodstream and decrease free radical damage, so try to include one or both.


The leader of the pack? Cloves. One of my favorite ways to enjoy them only takes a few minutes to prepare. I simply microwave a sweet potato and then mash it up with some cinnamon and just a pinch of cloves, which gives it a delicious pumpkin pie profile. An inexpensive, simple, easy snack with more antioxidants than people on a standard American diet may get in a whole week.1597


What about cocoa? Consumption of cocoa has been found to decrease markers of oxidative stress1598 as well as lower blood pressure.1599 Dark chocolate can do the same for us, but not white chocolate1600 or milk chocolate.1601 Cocoa may, however, be able to neutralize the pro-oxidant effects of dairy milk,1602 whereas soymilk can actually bring down free radical damage1603 (though rice milk may make things worse).1604




Not Worth Your Salt


Sodium is a commonly neglected pro-oxidant dietary component. I cover this in depth in my video see.nf/salty, but basically, a single typically salted meal can significantly suppress artery function within thirty minutes1605 by suppressing a powerhouse antioxidant enzyme in our body called superoxide dismutase,1606 which can ordinarily detoxify a million free radicals per second.1607











DNA-PROTECTING BEVERAGES



Although eating whole fruits is best, randomized controlled trials have found a reduction in free radical damage after consumption of tart cherry,1608 orange,1609 pomegranate,1610 tomato,1611 wheat grass,1612 and low-sugar cranberry juices.1613 Grape juice can also improve the antioxidant capacity of the blood.1614 What about wine?


Red wine can acutely improve blood antioxidant capacity1615—even to the extent of buffering (but not eliminating) the spike in oxidation caused by a Mediterranean meal including fried fish.1616 However, chronic wine consumption doesn’t seem to help. When smokers were randomized to drink about two glasses of red wine, white wine, or dealcoholized red wine every day for weeks, only those drinking the nonalcoholic wine experienced a drop in markers of oxidant stress.1617 This was presumed to be due to the known pro-oxidant effects of alcohol ingestion.1618


Smokers who drink alcohol were found to suffer twice the chromosomal damage compared to teetotaling smokers, but, other factors being equal, smokers who drink green tea suffer about a third less. (Even better are those who don’t smoke at all, who have ten times less damage.)1619 Though neither coffee1620 nor green tea1621 can block the oxidant stress induced by a high-fat meal, both green and black teas can increase the total antioxidant capacity of the bloodstream within just thirty minutes of ingestion, which can last for at least two hours. (Green tea is about 50 percent better at boosting than black.)1622 Although the data on the effects of adding milk to your tea are mixed, most studies have shown that taking your tea with dairy decreases or even completely inhibits tea’s antioxidant properties.1623


Within just one hour, a single cup of green tea can significantly boost the activity of the initiating DNA repair enzyme that fixes oxidative DNA damage, and drinking two cups a day for a week boosts it even more.1624 Within four weeks, drinking a mug (300 mL) of green tea every day improves DNA resistance to free radical damage in the first place.1625 Tea is in fact so DNA-protective that it can be used to store fresh samples of sperm until they can be properly refrigerated.1626







HOW PRO-OXIDANTS CAN HAVE ANTIOXIDANT EFFECTS


Ironically, the rallying of antioxidant and DNA repair defenses appears to be a consequence of green tea’s mild pro-oxidant qualities, a phenomenon paralleled to physical training.1627 It’s been called the “exercise-induced oxidative stress paradox.”1628 Ultramarathon runners may generate so many free radicals during a race that they can damage the DNA of a significant percentage of their own cells.1629 Why would an apparently healthy act (exercise) lead to detrimental effects? Because exercise in and of itself is not necessarily the healthy act; it’s the recovery period afterward.1630 For example, exercise training has been shown to enhance antioxidant defenses by increasing the activities of our antioxidant enzymes. So, athletes may be taking hits to their DNA during a race, but, a week later, they don’t just go back to the baseline level of DNA damage. Day-to-day DNA damage drops even lower, presumably because the prior exertion had revved up their antioxidant defenses.1631


In this way, the mild oxidative stress of green tea and exercise can be seen as beneficial, similar to vaccination. By challenging the body a little, we might induce a response that’s favorable in the long run. The concept that low levels of a damaging entity can upregulate protective mechanisms—the whole “that which doesn’t kill us makes us stronger” notion—is known as hormesis.1632 (See here.)


Taking antioxidant pills, such as vitamin C and vitamin E supplements, can block that boost in antioxidant enzyme activity caused by physical activity and thereby blunt some of the ensuing health benefits, but eating antioxidant-rich foods may offer the best of both worlds.1633 While vitamin C supplements seem to impair physical performance,1634 fruits1635 and vegetables1636 can have ergogenic benefits, enhancing performance without undermining the protective adaptation response.1637 In fact, fruits and veggies may even boost exercise benefits. Both black currants1638 and lemon verbena,1639 an antioxidant-rich herbal tea, were shown to protect against exercise-induced oxidative stress and, at the same time, improve some beneficial adaptations to exercise.


Given the hormetic benefits of certain mild pro-oxidant stresses, such as green tea and physical activity, the oversimplistic narrative of “antioxidants good, free radicals bad”1640 must be revised.1641 Perhaps nowhere is this more apparent than in the case of broccoli.







KALE FLIPS THE SWITCH


The dietary antioxidants we co-opt from plants represent only our second line of defense against free radicals.1642 Our frontline defenders are our own antioxidant enzymes. The human body naturally produces 100,000,000,000,000,000,000,000 free radicals an hour.1643 This is why we make enzymes like catalase, the fastest-reacting enzyme in our body, able to detoxify literally millions of molecules of hydrogen peroxide into water and oxygen each second.1644 (You know that fizzing that occurs when you pour hydrogen peroxide on a wound? That’s from the oxygen bubbles formed by the catalase enzyme.) Is there any way to boost this first line of antioxidant defense?


In the 1980s, scientists first began discovering a specific genetic sequence in the promoter regions of dozens1645 and then hundreds of “cytoprotective” (cell-protecting) genes.1646 It was found promoting genes that code for antioxidant enzymes that quench free radicals directly, like catalase,1647 enzymes that make antioxidants like glutathione,1648 and even genes for DNA repair enzymes1649 and detoxification enzymes in our liver.1650 Whatever bound to these so-called antioxidant response elements could activate our global antioxidant defense system all at once.


In the 1990s, this trigger was discovered—Nrf2, a protein floating in the cell’s cytoplasm that is normally bound to a suppressor protein.1651 But, when that suppressor protein gets oxidized, it releases Nrf2, which is then able to dive into the cell’s nucleus to bind to the antioxidant response elements and activate the powerful battery of antioxidant protections.1652 The entire process can be completed within fifteen minutes.1653 Nrf2 is considered the “master regulator of the environmental stress response”1654 and is expressed universally in all cells,1655 just waiting to be freed to hit the panic button and rally cellular defenses.


Nrf2 is also called a “guardian of healthspan and gatekeeper of species longevity.”1656 Boosting Nrf2 signaling causes significant increases in longevity in C. elegans1657 and fruit flies,1658 and correlates with maximum lifespan potential across ten different species of rodents.1659 For example, the Nrf2 gene is overexpressed sixfold in long-lived naked mole rats compared to mice,1660 combined with lower suppressor protein expression.1661 That may not only help explain why they live eight times longer1662 but also why it takes up to a hundred times the concentration of toxins like heavy metals and chemotherapy drugs to kill the same percentage of skin cells taken from naked mole rats compared to mice.1663 They are little nude detoxification machines.


Unfortunately, Nrf2 levels1664 and signaling tend to decrease with age.1665 Thirty minutes of cycling can boost them,1666 for example, but the most potent natural Nrf2 inducer on the planet may be sulforaphane,1667 the compound formed when we bite into cruciferous vegetables, such as broccoli, kale, collards, cabbage, and cauliflower. Sulforaphane, like the active components of green tea and turmeric, frees Nrf2 by oxidizing its suppressor protein, resulting in a rejuvenating effect on aged mice.1668 Older mice fed sulforaphane actually had superior grip strength compared to younger mice and performed just as well on a treadmill.1669 Nrf2 activation led to decreased DNA damage and muscle loss, and improved heart function and lifespan.


What about us? Sulforaphane can also restore Nrf2 activity in our aging tissues,1670 which may explain why sulforaphane can delay the senescence of human stem cells.1671 Just one stalk of broccoli a day can significantly reduce the DNA damage from cigarette smoke,1672 and two daily cups of brussels sprouts can minimize the DNA damage from a type of cooked meat carcinogen (a heterocyclic amine).1673 About a third of a cup a day of broccoli sprouts can help our body clear benzene from air pollution.1674 One study found that sulforaphane could tamp down the inflammation from diesel exhaust that was squirted into subjects’ noses at levels simulating hours of rush-hour exposure on a Los Angeles freeway.1675


Cruciferous vegetables so boost our detoxification pathways that heavy broccoli eaters might need to drink more coffee to get the same buzz, as the drug-metabolizing pathway that clears caffeine can get so revved up.1676 The protection veggies from the cabbage family give us can even be demonstrated topically. Rubbing a broccoli extract on your skin before spending time in the sun can decrease the redness of a sunburn by 35 percent by reducing the tissue damage caused by UV rays through Nrf2 activation.1677


The discovery that sulforaphane can switch on Nrf2 arguably heralds a “new paradigm in nutrition science.”1678 No wonder cruciferous vegetable intake is associated with decreased risk of cardiovascular disease, cancer, and mortality from all causes put together.1679 Even those who average just a single floret’s worth of broccoli a day have lower mortality rates than those who eat little or none.1680 However, the life-extending benefits of broccoli may extend even beyond sulforaphane. Animals fed 1 percent broccoli diets lived longer, but those given just the amount of sulforaphane found in that much broccoli (the compound without the broccoli itself) did not. Sulforaphane salads trump sulforaphane supplements.1681




Enhancing Sulforaphane Formation


Acidifying raw cruciferous vegetables can boost sulforaphane formation. Adding lemon juice to a shredded cabbage salad, for instance, may help a little, but adding vinegar is even better, presumably because of its higher acid content. However, the opposite may be true when cooking cabbage. Boiled red cabbage should be kept blue, not pink, indicating a more alkaline environment that helps keep the critical cruciferous components from degrading.1682 (See see.nf/cabbageph.) The most critical factor when it comes to cooking, though, is pausing between chopping and heating, my “hack and hold” strategy detailed in my Cruciferous Vegetables chapter in How Not to Die and in my video see.nf/hackandhold.










FAT REACTOR


We know that some foods have antioxidant qualities, while others act, on balance, as pro-oxidants. Just as the Dietary Inflammatory Index was designed to weigh the balance of anti- and pro-inflammatory foods, more than twenty oxidative balance scoring systems have been developed. In general, the more the scale tips toward the pro-oxidant side, the higher the risk of heart disease, kidney disease, and getting and dying from cancer and all causes put together. Although all the different scoring systems have a different complement of components, they all agree that exercise, cruciferous vegetables, and certain constituents of whole plant foods, such as fiber and carotenoid phytonutrients, are net antioxidant, squelching free radicals, whereas meat, alcohol, fat, and activities like smoking are pro-oxidant, generating free radicals. Of all the dietary pro-oxidants, saturated fat is considered the worst.1683


Heterocyclic amines, the carcinogenic compounds formed when meat is cooked or tobacco is smoked,1684 can induce free radical formation,1685 but that’s not the only reason meat and meat products contribute to oxidative stress.1686 Our stomach acts as a “bioreactor”1687 in which the heme proteins in blood and muscle oxidize the fat in the acid bath of our stomach. It turns out that during slaughter, chickens, for example, are bled of only about half their blood,1688 and the remaining residual can be such a powerful promoter of fat oxidation that some within the industry are advocating for an additional decapitation step during the slaughter process.1689


When we consume the oxidized (rancid) fat, it can then make it into our LDL cholesterol particles that accelerate atherosclerosis, the hardening of arteries that, ultimately, is our leading cause of death.1690 Oxidized fat levels in circulating LDL can double within four days of eating grilled turkey cutlets every day.1691 (Damaging effects can be mediated by eating berries with meaty meals, though. See the Berries chapter.) This may help explain why vegetarians appear protected from cardiovascular disease,1692 but oxidized fats are also created when vegetable oils are heated.1693 It’s no surprise then that the consumption of more ultraprocessed junk food is associated with higher rates of DNA damage compared to those eating less.1694 However, the oxidation of animal fats may be even worse because of the “dreaded oxysterols.”1695




Antioxidant Status of Vegetarians


Both systematic1696 and nonsystematic1697 reviews have concluded that plant-based diets protect against free radical damage, which “may explain why vegetarians live longer.”1698 Most studies show that vegetarians, for example, suffer lower levels of oxidative stress,1699,1700,1701,1702,1703,1704,1705,1706 but some show no significant difference compared to meat eaters1707,1708 or fish eaters,1709 or even higher levels in the vegetarians.1710,1711 As I detail in see.nf/antioxveg, the discrepant results may be due to vitamin B12 inadequacy among vegetarians and vegans who don’t supplement their diet with B12 or B12-fortified foods,1712 as even subclinical (asymptomatic) B12 deficiency is associated with increased oxidative stress.1713 A regular reliable source of vitamin B12 is critically important to take advantage of the full spectrum of benefits to plant-based eating.1714










DIRTY COPs


Too much cholesterol in the blood has long been considered to be a primary risk factor for developing Alzheimer’s disease.1715 Cholesterol cannot directly get across the blood-brain barrier,1716 though, but cholesterol oxidation products (COPs) can. Also known as oxysterols, oxidized cholesterol present in the bloodstream accumulates in the brain,1717 where it’s considered to be a driving force behind the development of Alzheimer’s disease.1718 I present the chain of evidence in my video see.nf/copdementia.


COPs can be up to a hundred times more toxic than unoxidized cholesterol.1719 They may contribute to a wide range of age-related diseases, including atherosclerosis,1720 cataracts,1721 kidney failure,1722 osteoporosis,1723 and cancer.1724 This may explain why egg consumption1725 and dietary cholesterol in general are associated with an increased risk of breast cancer.1726 The main cholesterol oxidation by-product in the blood, known as 27-hydroxycholesterol,1727 is estrogenic and increases the proliferation of most breast cancer cells1728—sometimes even in the context of estrogen-blocking drugs.1729


How can we cut down on the amount of oxidized cholesterol in our blood? Since oxidized cholesterol in the diet is a source of oxidized cholesterol in our bloodstream, one way is by not eating it.1730 Levels of oxidized cholesterol rise in the blood within hours of consumption1731 and circulate for more than six and even eight hours after a meal.1732 Oxidized cholesterol is found in milk powders, meat and meat products (including fish), cheese, and eggs and egg products,1733 such as powdered eggs, which are found in a lot of processed foods.1734 Fresh, raw meat may start out with zero oxidized cholesterol, but cooking or storage can cause a dramatic increase in levels.1735 All forms of cooking can do it, since maximum cholesterol oxidation can be achieved at only about 300oF (149oC), but some types of cooking are worse than others.1736 See details in my video see.nf/stopcops.


In general, the cholesterol in white meat is more susceptible to oxidation than the cholesterol in red meat, due to white meat’s higher polyunsaturated fat content. Fish tends to be the worst, followed by poultry, pork, then beef.1737 Chicken has about twice the oxidized cholesterol of beef, even before it’s irradiated.1738 When chicken meat is irradiated to improve its food safety from an infectious disease standpoint, it may diminish food safety from a chronic disease standpoint, due to extra cholesterol oxidation.1739


Exposure to cholesterol oxidation products is said to be “unavoidable,”1740 but let’s take a step back. Only foods that start out with cholesterol can end up with oxidized cholesterol.1741 So, the primary method to reduce dietary intake may be to reduce the total cholesterol content of the diet by centering one’s diet around unprocessed plant foods, which don’t have any cholesterol to get oxidized in the first place.




Clarifying a Mystery


Until relatively recently, our understanding of dietary oxidized cholesterol has been limited by the lack of testing methods and procedures to accurately analyze the amount in various foods.1742 Though oxidized cholesterol products have been found throughout animal products, the levels in canned tuna are surprisingly high, fifteen times higher than in beef or pork chops, for example, but ghee takes the cake.1743


Ghee, clarified butter, is commonly used in Indian cooking.1744 Boiling, the method of preparation, appears to multiply oxidized cholesterol levels tenfold. This dietary exposure to oxidized cholesterol may help explain why the subcontinent of India is ravaged by heart disease even though a significant proportion of the population eschews meat and eggs.1745 A number of Indian dairy-based desserts are also made in a similar way.1746










SUPPLEMENTS


I had known antioxidant supplements had grown into a multibillion-dollar business, but I was surprised to learn that Big Pharma had turned it into “the biggest, most elaborate, longest lasting, and most harmful of the international cartels discovered by the U.S. Department of Justice (DOJ) [in] the 1990s,” according to a textbook on global price fixing. Before being busted with dozens of criminal convictions and record-setting fines, drug companies had conspired in a complex, illegal, monopolistic price-fixing scheme to overcharge for vitamin supplements by the billions.1747 To make matters even more egregious, people were cheated for nothing—or worse. No antioxidant supplement has ever been shown to reduce mortality, and supplemental beta-carotene, vitamin E, and higher doses of vitamin A may even cut people’s lives short.1748 This parallels many animal studies that found either no effect at all or significant lifespan shortening.1749


There are countless antioxidant supplements on the market, many of which make “strongly exaggerated and … flawed” claims.1750 Here’s a short rundown of some of the lesser-known ones.




ALPHA-LIPOIC ACID


Alpha-lipoic acid is an antioxidant our body manufactures internally.1751 Is there any advantage to taking extra in supplement form? I discuss the pros and cons in see.nf/lipoic. Bottom line? I would exercise caution until we have a better idea of its dosing safety window.







COENZYME Q10



Coenzyme Q10, more commonly known as CoQ10, is the only fat-soluble antioxidant produced by the human body.1752 Because we synthesize it from scratch, there’s no need to consume any,1753 yet it’s one of the most popular dietary supplements.1754 Centenarians have low levels compared to seventy-six-year-old controls,1755 but this fact can be used to argue two diametrically opposed positions: Some posit that CoQ10 levels decrease with age so we should supplement to regain youthful levels, while others maintain that low levels may be beneficial to achieving such remarkable longevity.


Animal studies echo this ambiguity. Indeed, both added CoQ101756 and subtracted CoQ10 (by repressing synthesis) have been found to extend lifespan in C. elegans1757 but mostly have no effect on rats and mice.1758 In people, CoQ10 supplementation reduces markers of inflammation1759 and oxidative stress1760 and may benefit patients with heart failure1761 and migraines, reducing headache frequency and duration but not severity.1762 Those who choose to take it need to keep it in a cool, dark, airtight container since it’s sensitive to heat, light, and oxidation.1763 I prefer to regenerate it naturally using the technique I described in my Greens chapter in How Not to Die. It involves eating a chlorophyll-rich diet,1764 which may be especially important for those on cholesterol-lowering statin drugs, as these medications can interfere with CoQ10 production.1765







GINSENG


Ginseng root is a popular herbal medicine.1766 Like the word “panacea,” ginseng’s Latin name, Panax, is derived from the Greek roots pan and akos for “cure-all.” However, although there have been more than a hundred clinical trials on various ginseng formulations,1767 to date, the results for even one of its most promising usages (blood sugar regulation)1768 have been less than impressive.1769


From an oxidative stress standpoint, American (Panax quinquefolius),1770 Chinese (Panax notoginseng),1771 and Korean (Panax ginseng) ginseng1772 have all been shown to acutely protect against free radical–induced DNA damage within hours of consumption, but one longer-term trial raised red flags. Although four weeks of consuming Korean ginseng reduced levels of oxidative stress,1773 four months of consuming American ginseng caused an uptick in DNA damage from less than a quarter teaspoon a day of whole root powder.1774 Until it can be shown that the chronic intake of other ginsengs isn’t also DNA-damaging, I’d recommend steering clear.







N-ACETYLCYSTEINE


N-acetylcysteine (NAc) increases the lifespan of male mice, but not female mice, and only because it apparently led to reduced food and water consumption.1775 In C. elegans1776 and fruit flies, lifespan was extended at one dose but, at a higher dose, was dramatically cut short by up to 70 percent, raising a “serious concern” for taking NAc supplements.1777 More details in see.nf/nacse.







SELENIUM


Selenium, a critical component of key antioxidant enzymes, is considered an essential trace mineral,1778 though, given its narrow safety margin, it’s also been termed an “essential poison.”1779 Indeed, the consumption of just a single high-selenium Brazil nut a day was found to have pro-inflammatory effects.1780 I also cover selenium in see.nf/nacse, but basically, both low1781 and high1782 blood levels are associated with dying prematurely, and certain doses of selenium supplements may shorten your life,1783 as well as worsen blood sugar control in diabetics1784 and increase the risk of developing diabetes in the first place.1785




What About Vitamin C?


Vitamin C is likely the most abundant antioxidant in the body,1786 but levels decline with age. Vitamin C levels in the blood cells of those aged eighty-five and older may be only half that compared to those at age sixty.1787 Vitamin C levels in the brain seem to drop about 40 percent (comparing those sixty and older to those fifty-nine and younger).1788 Might restoring youthful levels be beneficial? It’s been tried and flopped. Vitamin C supplements fail to extend life, improve quality of life or cognitive performance, or prevent eye diseases, infections, cardiovascular diseases, or cancer.1789


There is insufficient evidence to even claim vitamin C supplements are effective in preventing DNA oxidation1790 and, at higher doses (about 900 mg plus NAc), may actually cause more oxidative damage.1791 This Janus-faced nature of vitamin C has similarly been demonstrated in animal models: an antioxidant at lower doses but a pro-oxidant at higher doses.1792 This may help explain why animal studies have shown that vitamin C treatments are all over the map, resulting in increased, decreased, and neutral effects on longevity.1793


Although high-dose vitamin C supplementation may result in oxidative DNA damage, so can slipping below the recommended dietary allowance (RDA). Over the last twenty years, vitamin C consumption has declined in the United States by more than 20 percent, due largely to the decrease in fruit juice consumption without a compensatory increase in whole fruit intake. It’s gotten to the point that nearly half of all Americans now fall below the estimated average requirement.1794 What’s the optimal intake? See see.nf/vitaminc for details, but the magic number appears to be about 200 mg a day. Since a single serving of fruits and vegetables may have about 50 mg of vitamin C, just four or five servings of fruits and veggies a day should get you up to ideal blood levels.


Another reason to avoid megadoses of vitamin C is the risk of kidney stones, at least in men.1795 Those taking 1,000 mg or so of vitamin C a day may as much as double their risk, from having a one-in-six-hundred chance of getting a kidney stone every year to a one-in-three-hundred chance.1796 We don’t yet know if women are similarly at risk.







Food for Thought




The mitochondrial theory of aging explains why animals with the lowest rate of free radical production live the longest. We can slow this rate through exercise training and methionine restriction, which can be achieved with a predominantly whole food, plant-based diet.1797 Such an eating pattern would also cut down on pro-oxidant foods rich in cholesterol, salt, saturated fat, and sugar, while boosting the intake of plant foods that have the dual benefit of enhancing our primary oxidant defense via Nrf2 activation and our second line of radical resistance, the symphony of natural antioxidant compounds that can work in concert in a way in which antioxidant supplements have failed.





To help slow this aging pathway, on a daily basis, consider:




	exercising


	restricting methionine intake by choosing plant-based protein sources and reducing overall protein intake to recommended levels


	activating Nrf2 defenses by eating green (cruciferous vegetables) and drinking green (tea)


	
eating berries and other naturally vibrantly colored foods


	using herbs and spices, such as cinnamon, cloves, garlic, ginger, and marjoram


	avoiding added salt, sugar, and saturated fat– and cholesterol-rich foods



















SIRTUINS


Each of us contains tens of billions of miles of DNA—enough for 100,000 trips to the moon and back if each strand were uncoiled and placed end to end.1798 How does our body prevent these precious ribbons of information from getting all twisted and tangled? Enzymes known as sirtuins keep our DNA neatly and nicely wrapped around spool-like proteins and, by doing so, silence whatever genes are in that stretch of DNA. The name SIRtuins stands for Silencing Information Regulator.1799




THE GUARDIANS OF HEALTHSPAN


Since this seminal discovery, myriad other functions of sirtuins have been discovered, including their ability to activate or deactivate more than fifty other proteins.1800 What most excited the scientific community about these regulatory enzymes is that boosting their activity could extend yeast lifespans by as much as 70 percent.1801,1802 Boosting sirtuins also boosts the lifespans of other model organisms—worms and flies—leading to great hopes that it could do the same in mammals.1803


In a few mouse models, sirtuin upregulation was found to extend life,1804,1805 but most mice studies just showed healthier lives, rather than longer ones,1806 thereby earning sirtuins the title of “guardians of mammalian healthspan.”1807 In addition to preserving DNA integrity,1808 sirtuin activation improves DNA repair,1809 downregulates inflammation,1810 and contributes to telomere maintenance,1811 which I discuss in the next chapter. This translates into better blood sugars and bone mass, and less DNA damage and cancer.1812 So, in the few cases in which lifespan was extended, it may have been more a matter of suppressing age-related diseases than slowing the rate of aging per se.1813 Regardless, these effects were found in mice and have yet to be confirmed in humans. We do know, however, that there doesn’t seem to be an association between exceptional longevity in people bearing any of the different variants of at least one of the sirtuin genes.1814 As one reviewer mused, sirtuins may have lost their “Methuselah” image but may still be a helpful metabolic “Samaritan.”1815


As you’ll recall, the fuel gauge enzyme that I discussed in the AMPK chapter boosts sirtuin activity.1816 So, activating AMPK via metformin,1817 caloric restriction,1818 or exercise1819 can lead to sirtuin activation. However, since the sirtuin boost is an indirect effect caused by AMPK, chugging sugar water before a sprint, for example, a sports or energy drink, blunts the sirtuin response to exercise.1820 While mild caloric restriction—by about 15 percent, roughly 350 calories a day—had no effect on sirtuin activity,1821 a 30 percent reduction in calories for eight weeks did,1822 but not for just five days.1823 However, Buchinger fasting (consuming only a limited selection of juices and vegetable broth) can boost sirtuin activity within five days,1824 as can alternate-day fasting for three weeks,1825 dropping down to 1,000 calories a day for a month,1826 or six months of 25 percent calorie restriction.1827


The way AMPK enhances sirtuin activity is by increasing levels of cellular nicotinamide adenine dinucleotide (NAD+).1828 NAD+ is a critical cofactor necessary for sirtuin activity. Alternate means of boosting NAD+ levels include taking a variety of NAD+ precursors,1829 as I’ll discuss in the Anti-Aging Eight section. Raising NAD+ levels is one of two basic approaches to sirtuin stimulation.1830 The other is via STACs, sirtuin-activating compounds, the most widely known of which is resveratrol,1831 a natural compound concentrated in the skin of grapes.







RESVERATROL


Resveratrol, the “red wine molecule,”1832 became a household word1833 in 1991 when a scientist from Bordeaux University1834 appeared on the popular TV show 60 Minutes and attributed the so-called French Paradox to the French habit of drinking red wine.1835 As you can see in see.nf/resveratrol, the “paradox” was effectively debunked,1836 but not before resveratrol research had already taken root, culminating in more than 15,000 scientific publications to date.1837,1838


As I show in the video, animal data are mixed. For example, resveratrol extends the lives of worms1839 and bees,1840 but not flies1841 or fleas.1842 Unfortunately, most studies on mammals (mostly mice) failed to show a lifespan benefit.1843 Even its purported sirtuin activity has been called into question.1844 Commentaries with titles like “Is Resveratrol an Imposter?”1845 and “Promising Therapeutic or Hopeless Illusion?”1846 were published, suggesting that seeming sirtuin activity was probably the result of experimental artifact.1847 It didn’t help matters when a leading resveratrol researcher was found guilty of 145 counts of fabrication and falsification of data, throwing the whole field into turmoil.1848


In a 2014 medical journal editorial titled “The Resveratrol Fiasco,” the editor in chief summarized the state of the science: “The conclusions are quite clear-cut: after more than 20 years of well-funded research, resveratrol has no proven human activity.”1849 However, since that publication, more than 150 human clinical trials have been published.1850 I present the update in see.nf/resveratrolhealth. No impact on inflammation, cancer, cardiovascular disease, long-term frailty,1851 or death1852 has been found epidemiologically for dietary resveratrol exposure, and meta-analyses of randomized controlled trials of resveratrol supplements failed to find clinically1853 or even statistically1854 significant effects on systemic markers of oxidative stress, helping to explain the lack of apparent DNA protection.1855


For almost all outcomes measured in randomized controlled trials of type 2 diabetes, metabolic syndrome, or nonalcoholic fatty liver disease, the effects of resveratrol were trivial at best,1856 but a meta-analysis found that doses ranging from 5 to 500 mg twice a day resulted in an average twenty-point drop in fasting blood sugars.1857 There was also a significant benefit for longer-term (HbA1c) blood sugar control, though this only appeared to be the case in shorter-term studies.1858 What’s the point of better longer-term control if resveratrol only works in studies lasting less than three months? Well, there was a study suggesting accelerated healing of diabetic foot ulcers,1859 a leading cause of lower-limb amputations.1860


In see.nf/resveratrolclinical, I run through what else resveratrol supplementation might be able to do clinically. In rats1861 and mice,1862 resveratrol can help ameliorate the effects of experimentally induced periodontitis, the inflammatory gum disease. It appeared to have no effect, however, on the progression of chronic periodontitis in human sufferers.1863 Resveratrol may help with the inflammatory bowel disease ulcerative colitis1864,1865 and knee osteoarthritis,1866 though.


Resveratrol has some estrogenic activity,1867 and, although it doesn’t appear to help with hormonal migraines,1868 it does appear to help with a few symptoms of polycystic ovary syndrome (PCOS)1869 and menopause.1870 Unfortunately, a meta-analysis of studies on resveratrol supplementation to improve bone quality found no significant effect on bone health markers or bone mineral density of the spine, hip, or overall skeleton.1871 The same was true for cognitive effects, leading one systematic review to suggest resveratrol may be a “cognitive enhancer for mice only.”1872 The largest trial of resveratrol for Alzheimer’s disease even found a tripling of brain shrinkage in those randomized to the resveratrol group compared to placebo.1873


Negative or null findings are often marginalized by the resveratrol research community.1874 As I review in see.nf/resveratrolsafety, there are no long-term safety data,1875 but even supplementation purported to be “safe”1876 (150 mg to 250 mg a day) found that resveratrol may blunt some of the positive effects of exercise training, undercutting physical fitness in both the young1877 and the old.1878


A recent review overreacted to these data by suggesting that “foods containing resveratrol should not be consumed during exercise,”1879 but to reach even the lower dose of 150 mg, you’d have to eat more than a hundred pounds of grapes.1880 The exercise impairment with supplemental resveratrol does make sense, though, given its purported mechanism. Sirtuin activation by resveratrol is thought to occur via the activation of the body’s fuel gauge AMPK by impairing energy production in our cells’ mitochondria.1881 Mouse cells react by increasing mitochondria to compensate,1882 but human cells apparently do not,1883 so the energy-dimming effect of resveratrol may explain why the effects of exercise are impaired.


The hype surrounding resveratrol, concluded one review, may “turn out to be nothing more than a slight-of-hand [sic] marketing device using peer-reviewed, published, non-human research as a cover.”1884 The fitness-blunting exercise study of older adults was supported in part by a manufacturer of resveratrol supplements. To their credit, however, the researchers responded to an angry letter by a supplement company consultant that “it is our opinion that we, as scientists, have a responsibility to report what we find, and not to twist our findings to fit the commercial interests.”1885







HOW ABOUT THEM APPLES?


Resveratrol may be the most familiar STAC, but thousands of others have been discovered.1886 In vitro, apple extracts have been shown to activate sirtuins, as well as AMPK and autophagy, while suppressing mTOR signaling.1887 It’s perhaps unsurprising, then, that a meta-analysis of population studies found that those who ate more apples had a 15 percent lower risk of premature death.1888 How many apples is “more”? The “high” category of apple consumption averaged only about a quarter of an apple a day. The one study that looked at the greatest apple intake—half an apple a day compared to less than one apple in an entire month—found a 35 percent lower risk of dying early.1889 Over a lifetime, that could translate into around four more years of life.1890 Forget just the doctor. An apple a day may keep the mortician away, too.


A single apple phytonutrient, phloridzin, was found to boost sirtuin expression and extend the lifespan of yeast, though it also increases levels of the antioxidant enzyme superoxide dismutase, so it’s not clear what role the sirtuin played.1891 In fruit flies, at least, the increase in average lifespan from an apple extract requires intact antioxidant enzymes, suggesting it may be more of an antioxidant effect.1892 Even just straight apple fiber (pectin) had a lifespan-extending effect, and this wasn’t solely due to caloric dilution (dietary restriction achieved through bulking the diet with fiber). The pectin group actually ate more food yet lived longer.1893 The whole apple, however, may be better than the sum of its parts.


Adding the flesh of an apple to a prematurely aging mutant yeast that normally only lives about ten days bumped up its lifespan to eleven days, whereas adding the skin of an apple extended its life up to fourteen days. Seems like most of the good stuff is in the peel, right? What do you predict would happen if you add both the flesh and the skin? I would have guessed the whole apple would extend the lifespan somewhere between eleven and fourteen days since the components of the peel would get diluted, but I would have been wrong. The whole apple more than doubled lifespan, taking it to twenty-one days.1894


Similarly in C. elegans, whole apple extracts increased average lifespan up to 39 percent, which is more than three times the 12 percent achieved with a subfraction of purified apple compounds (though the studies also used different apples, Red Delicious1895 and Fuji, respectively). In C. elegans, at least, sirtuin dependency of the longevity benefit was confirmed.1896


If the components of apple peel and pulp can synergize, providing benefits greater than the sum of the parts, what about combining apples and blueberries? In C. elegans, both apple and blueberry extracts extend life, but using half of each extended life significantly more than either could alone.1897 Results like these buttress the commonsense notion that, whenever possible, we should strive to acquire our nutrition from combinations of whole foods rather than isolated components in pill form.







THE QUEEN OF SPICES


Are there any other “sirtfoods,” foods with sirtuin-activating properties?1898 Numerous food components boost sirtuin activity in cells in a petri dish, but very few have been put to the test in people.1899 Two hundred daily micrograms of selenium for ten weeks can upregulate sirtuin expression,1900 but, as I note in see.nf/nacse, that dose used long-term has been shown to increase diabetes risk.1901 Curcumin, the pigment that makes turmeric yellow, works in vitro1902 and in an animal model1903 but flops when it comes to significantly changing sirtuin gene expression in humans, even after taking the equivalent of about a quarter cup of turmeric every day for months.1904 One spice that might work, though, is cardamom.


A member of the ginger family, green cardamom (Elettaria cardamomum) is known as “the queen of spices.”1905 In a trial of patients with fatty liver disease, those randomized to a half teaspoon of cardamom three times a day with meals for three months not only had improvements in liver function and markers of systemic inflammation but they also saw a significant increase in sirtuin levels in their bloodstream.1906 Now, we aren’t exactly sure about the origin or implication of sirtuins in the blood. It’s not like a hormone. Each cell appears to make and use its own sirtuins internally. However, blood levels do decline with age,1907 and accelerated decline in sirtuins is associated with age-related impairments such as frailty,1908 cognitive decline, and Alzheimer’s disease,1909 suggesting it may be a biomarker of aging.1910


As a bonus, the same cardamom dose over two to three months can significantly improve markers of inflammation and oxidative stress,1911 and be a safe, cheap, convenient way to decrease the level of triglycerides in the blood by about twenty points (mg/dL).1912 I enjoy it in my chai tea and like adding it to cocoa powder any time I’m chocolating anything up. No significant adverse side effects have been reported from taking such doses, though there are no long-term data available at this time.1913







AGEs SUPPRESS SIRTUINS


Is there anything we need to avoid to preserve sirtuin function? Smokers have diminished sirtuin levels in their lungs,1914 and in vitro, cigarette smoke extracts actively decrease sirtuin levels and activity in lung cells, helping to establish cause and effect.1915 The advanced glycation end products (AGEs) in smoke may be contributing, since AGEs alone suppress sirtuin expression in vitro and feeding AGEs to mice causes a sirtuin brain deficiency, along with an impairment of learning and memory.1916 Unfortunately, as we learned in the Glycation chapter, people are also exposed to dietary AGEs.


Increasingly, sirtuin activity is being seen as playing a significant role in protecting against Alzheimer’s dementia.1917 The fact that dietary AGE intake is linked to lower sirtuin expression may help explain why high blood, brain, and dietary AGE exposure is associated with cognitive decline in elderly adults. Researchers have concluded that human sirtuin deficiency is “both preventable and reversible by AGE reduction,” suggesting that avoiding high-AGE foods may offer a new strategy to combat the Alzheimer’s epidemic.1918 However, dietary AGEs are unlikely to pose a central role in sirtuin regulation, as no differences have been found in sirtuin expression or activity in a cross-sectional comparison of healthy omnivores, vegetarians, and vegans.1919




Food for Thought




Sirtuins are a class of protein regulators that appear to play a key role in protecting us against a variety of age-related diseases, though their role in longevity is questionable.1920 Dependent on a molecule called NAD+, sirtuins can be upregulated by anything that increases NAD+ levels, including AMPK activation. Certain foods and supplements may also be able to activate sirtuins in other ways, but research on resveratrol has been largely disappointing and raised certain safety concerns.





To help boost this anti-aging pathway, on a daily basis, consider:




	elevating cellular NAD+ levels (see the NAD+ chapter)


	following the recommendations on AMPK activation (see the AMPK chapter)


	snacking on apples and experimenting with adding cardamom to meals


	not smoking


	avoiding foods high in AGEs (see the Glycation chapter)
















TELOMERES


In each of our cells, we have forty-six strands of DNA coiled into chromosomes. At the tip of each chromosome is a protective cap called a telomere, which keeps our DNA from fraying or fusing with other chromosomes,1921 analogous to how the plastic tips on the ends of our shoelaces keep them from unraveling. (“Telomere” comes from the Greek words telos for “end” and meros for “part.”1922) Each time our cells divide, however, a bit of that cap is lost. When telomeres become critically short, the exposed ends of our chromosomes appear like double-stranded DNA breaks, an emergency signal that sends the damaged cells into senescence, or death.1923 Our body does this on purpose, it is thought, to protect us from cancer.1924




ON A SHORT FUSE


Remember the “Hayflick limit” from the Cellular Senescence chapter? Telomere shortening is the mechanism by which many cells are restricted from dividing more than about fifty times.1925 This cap on cellular immortality may limit our lifespan potential, but it may also protect us from tumor formation. This may explain, for example, why those of European ancestry tend to have shorter telomeres than those from sub-Saharan Africa.1926 The Europeans’ lighter skin tones made them more susceptible to melanoma skin cancer, so their cells were presumably forced to adapt. This may be another example of antagonistic pleiotropy.1927 What may have been helpful in letting us reach reproductive age so we could pass along our genes (not dying from a childhood cancer) may not bode well for successful aging and longevity (the littering of our tissues of zombified senescent cells from critical telomere shortening).1928


At birth, our telomeres start out at maximum length, but then they tend to get progressively eroded year after year as we age.1929 That’s why telomeres are often thought of as a “life clock.”1930 Based on how much the length of your telomeres changes every year, you can approximate the rate of biological aging. Two people can have the same chronological age but suffer more, or less, effective cellular aging. If you smoke a pack of cigarettes a day for a decade, your cells may age about three years faster, for example, and drinking just 8 oz of sugar-sweetened soda every day is associated with nearly two years of additional aging.1931


Our telomeres can start shortening as soon as we are born, and when they’re gone, we are, too. Though a gross oversimplification, they’re kind of like life’s fuse. Accelerated telomere shortening has been identified as a key biomarker for accelerated aging, disease, and diminished longevity,1932 and shortened telomeres have been associated with arthritis, diabetes, heart disease, kidney failure, liver failure, lung disease, osteoporosis, stroke, and vision loss.1933 Telomere length is also tied to a reduction of muscle mass and performance (measured in grip strength),1934 as well as reduced immune function. When the common cold virus is dripped into people’s noses, those with shorter telomeres in key immune cells are significantly more likely to get sick.1935 Alzheimer’s disease, though not necessarily cognitive decline in general,1936 is one of the age-related diseases most strongly linked to short telomeres.1937 Shorter ends may also lead to a faster end.







LOOKS CAN BE PERCEPTIVE


Large-scale studies have found that research subjects with the shortest telomeres had a 17 to 66 percent increase in mortality risk when compared to subjects with the longest ones.1938 In other words, longer telomeres may mean a longer life. Studies of hundreds of twins, for example, found that the twin with shorter telomeres was more likely to die at an earlier age.1939 And, not only did the twin with the longer telomeres live longer, but they looked younger, too.1940


Looking “old for your age” is actually an indicator of poor health and a strong predictor of mortality, independent of physical and mental functioning. When geriatric nurses were given high-quality photographs of hundreds of pairs of twins, they were able to pick out who was more likely to die first—just based on which twin looked older. Perceived age is linked to telomere length, too.1941 Even those born with a genetic predisposition to longer telomeres grow up to experience less facial aging, suggesting the relationship is cause and effect1942 rather than due to some third variable, like smoking, that may concurrently age your appearance and snip away at your telomeres.1943


As one might expect, women tend to have longer telomeres than men and a presumed slower telomere erosion rate, consistent with the fact that women typically live longer.1944 The telomere shortening rate is a powerful predictor of lifespan across species,1945 as well as within them. For example, telomere length is a strong predictor of average lifespan among fifteen different breeds of dogs, who sadly lose their telomeres at approximately ten times the rate of humans and have about tenfold shorter lives.1946







ON THE CLOCK


Is telomere length a cause of aging or merely a consequence? Mice manipulated to start out with longer telomeres at birth do live longer and healthier lives.1947 The case for causation in humans is buttressed by rare genetic disorders of telomere maintenance that manifest as accelerated aging, from premature hair graying and skin pigmentation to untimely heart attacks.1948 Telomere shortening is thought to actively drive aging through cellular senescence and the ensuing constellation of SASP inflammation.1949 (See the Cellular Senescence chapter.)


The concept of telomeres as a constantly ticking biological clock is not quite accurate.1950 By taking DNA from a blood stain, forensic scientists may be able to roughly estimate a person’s age simply based on the length of the blood cell’s telomeres,1951 but the shortening rate and baseline length vary widely between individuals.1952 The fuse burns faster in some people than in others. On average, across an adult population, there appears to be a constant, inexorable yearly loss in length, but the individual data are scattered such that it’s not uncommon to run across an eighty-year-old whose telomeres are as long as those of a thirty-year-old.1953


In addition to this, there is variability within the same person—and also within the same cell within the same person. Each cell has ninety-two telomeres capping off either end of our forty-six chromosomes.1954 All it takes is a single critically short telomere to send the entire cell into a spiral of senescence or death.1955 Most studies track the average telomere length of individuals, usually from their blood cells for convenience’s sake; however, the length of our shortest telomeres may provide a better predictor of remaining healthy years of life.1956 Thankfully, there’s a way not only to slow down the rate of telomere attrition but to build back up our shortest telomeres.
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