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This book is dedicated to my family.

Mom, Dad, and Sissy, who filled my childhood home with love, laughs, and orange shag carpet. Eric, my co-everything, without whom there would be no translation of science to improved lives. Pat and Bob, who fed us every Sunday and were our earliest enabling cheerleaders. And Ben, who embodies everything for which I could possibly have hoped, despite his parents’ despicable screen time, all while enriching our home with mad key-tickling skills.





Introduction

If left alone in the woods hundreds of years ago, I may not have survived a month. Sprinkle in some winter weather, and that estimate could go down to days. Which, admittedly, may be a crazy way to start an introduction for a book that promises “longevity.” But stay with me.

Alas, human survival used to be dependent on good hunters and gatherers. Everyone else—those who had poor eyesight or bad aim—pretty much died. But as a bookish phenotype who would have been mauled by bears in the 1700s, I’m happy to report that our world expanded to allow the opportunity for all of us to thrive. Even us nerds.

With longer and healthier lives, we have more time to find and fulfill our purpose, which comes in so many different forms: Putting your hands in soil and planting seeds. Coaching kids who have way healthier knees. Loving those around you across a thousand different moments. All of this, in the end, feeds meaning into a world that enriches the next generation. And the one after next.

As a veterinary epidemiologist, my purpose manifested in a population of aging Navy dolphins, decades of health data, a thousand additive analyses, an unexpected discovery, a handful of skeptical optimists, surprising new perspectives, skilled believers, luck, love, and an urgent need. I can tell you this. Without every ingredient on that list, I wouldn’t have this book to write. So, while you’re about to embark on a deep science adventure to extend your healthspan and longevity, there’s all that other stuff happening in the background, too.

You might have picked up this book because you’re sick of being sick. Or you are an ultra-fit and savvy biohacker. Or you just love dolphins. Or, if you are like me, you are doing fine overall but know your health can be better. And as those pain points of aging have started kicking in, you realize you need to take more ownership of your health—especially if we are all going to live close to or beyond one hundred years. No matter why you’re here, this book is filled to the brim with the latest science behind how we can all be healthier, longer. Longer health for yourself. For our parents. And for our kids.

This book is titled The Longevity Nutrient not because of evidence that this nutrient extends the lives of worms and mice by weeks or months but because of the wealth of consistent evidence—be it large studies that followed tens of thousands of people over decades, controlled experimental studies with relevant disease models, dose-response human cell-based studies involving “diseases-in-a-dish,” target-based mechanistic studies, or double-blinded clinical trials. Taken together, these studies strongly support that C15:0 (also called pentadecanoic acid) has an essential role in our lives, which starts at birth, follows us during our make-it-or-break-it midlife, and extends to our oldest years.

There is, however, an important caveat to this book’s title. For the idea of The Longevity Nutrient to hold, you have to believe that (1) by slowing the onset of chronic diseases, such as heart disease, type 2 diabetes, fatty liver disease, and some types of cancers, we will be healthier for longer; and (2) by sustaining our health for as long as possible, we will extend our own longevity. So, C15:0 is not a foreign drug that hacks into our DNA to make humans live for two hundred years. It is a nutrient that has likely been used throughout the natural world for millions of years to extend animal longevity. In fact, C15:0 helps to explain how humans and dolphins live longer than mice. And when we take C15:0 away, society’s own fifty-year experiment of reducing all saturated fatty acids supports that our lifespans may very well shorten.

The thing is, when a groundbreaking discovery occurs, you are breaking the ground upon which others have firmly stood. And appropriately, that discovery should come with healthy skepticism. Add that I’m a dolphin veterinarian who didn’t intend to find a saturated fat that would (1) dismantle fifty years of dietary recommendations, and (2) challenge the entire omega-3 fish oil industry… well, even more scrutiny is needed.

There has been a decade of robust science deep-diving since our first discoveries concerning C15:0 (pronounced see-fifteen) as a good fat. Global teams of researchers not only from the United States but also from Denmark, England, Italy, Japan, Germany, China, Singapore, South Korea, Thailand, and more continue to improve our understanding of how C15:0 works and how replenishing our levels of this essential nutrient can help restore long-term health and wellness. Indeed, how babies need C15:0 for healthy growth and cognitive development. How C15:0 slows cellular aging to support our longevity. How this nutrient nurtures our cell membranes so that our cells can nurture us. How it calms inflammation, repairs red blood cells, lowers cholesterol, improves glucose control, and heals our livers. How a C15:0 metabolite helps us sleep deeper, feel less pain, and calm our mood. How an emerging fatty liver disease, now affecting one in three of us, is likely part of a nutritional C15:0 deficiency syndrome. You know, like vitamin C deficiency and scurvy, or vitamin D deficiency and rickets. And how nutritional C15:0 deficiencies may be accelerating our aging and feeding the rise in type 2 diabetes, heart disease, and cancer, especially among younger people. Thanks to the past ten years of science, our initial interesting discovery of C15:0 as a healthy nutrient for aging dolphins has evolved into a global movement to save humanity.

The most important thing I have learned during this crazy decade-long journey is that you have to let life happen. All of it. You take the risks that your gut says you need to take. You are hit by failures hard enough to make you fall. And with those failures, you find the openings and insights you wouldn’t have otherwise seen. You follow those new openings, now stronger and smarter. Until you get there—wherever “there” is for you.

It’s the whole Teddy Roosevelt “being in the arena” thing:


It is not the critic who counts; not the man who points out how the strong man stumbles, or where the doer of deeds could have done them better. The credit belongs to the man who is actually in the arena, whose face is marred by dust and sweat and blood; who strives valiantly; who errs, who comes short again and again, because there is no effort without error and shortcoming; but who does actually strive to do the deeds; who knows great enthusiasms, the great devotions; who spends himself in a worthy cause; who at the best knows in the end the triumph of high achievement, and who at the worst, if he fails, at least fails while daring greatly, so that his place shall never be with those cold and timid souls who neither know victory nor defeat.

—Theodore Roosevelt1



In my wallet, I used to carry a tiny copy of this quote, printed on thin paper and crudely laminated with Scotch tape. It gave me agency to forge forth, as long as the science held strong. As we should do when given a worthy cause. I hope this book gives you not only a tangible way to live a long and heathy life but also a story to prove weall have arenas where we can make our precious time all that more worthwhile.
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Chapter 1 An Unexpected Discovery from Navy Dolphins

Sometimes the best discoveries are those that have been right in front of us all along. Those sparked epiphanies that happen simply by looking at the same world but from a different perspective. While that may sound insightful, I’ll be honest: my discovery was an accident, borne from an endeavor to help older dolphins live long and healthy lives.

Though I wasn’t aiming to find something that would kick the stilts out from under a fifty-year nutritional mantra, dolphins kindly gifted us with an entirely new perspective on how we can all age healthier and thrive longer. As a result, an unexpected discovery of an essential nutrient was made, and that humble fat is becoming a top candidate on the human longevity leaderboard. Without this nutrient, our cells (and we) fall apart. Perhaps most surprising? It may just be that a saturated fat will save us all.

To understand how this all happened, we need to go back to 2001. As a veterinary epidemiologist, I was working for the Centers for Disease Control and Prevention and the World Health Organization in Atlanta, Georgia. So, what exactly is a veterinary epidemiologist? Simply put, we are veterinarians who specialize in tracking diseases in animals, which can even include us bipedal mammals. While movies would have you believe that, as adventurous animal-disease trackers, we urgently hack our way through dense jungles to find the source of a new virus that is rapidly spreading through Los Angeles half a world away, the reality is that a lot of our time is spent at a desk. As this was my first official job after graduating from veterinary school, my primary residence was a cubicle in the sub-sub-basement. Discman spinning and headphones on, I spent hours and hours writing code and churning through data to look for patterns. Like patterns around salmonellosis caused by reptiles.


Question: If 114 kids went on a school trip to the zoo and 65 got sick, what is the likelihood that placing one’s hands on the outside fence of the Komodo dragon exhibit was the cause of this Salmonella outbreak?

Answer: Pretty darn likely. When zookeepers watched the Komodo dragons’ after-hours behaviors, they found that these giant lizards were curiously placing their Salmonella-soiled claws onto the outer fence. That outbreak resulted in a nationwide initiative to add handwashing stations to zoos, especially outside of open reptile exhibits.1



Yeah, there are an estimated seventy thousand cases of reptile-associated salmonellosis a year in the United States. But I don’t hold that against reptiles. In fact, since working with the quirky and oft-tattooed reptile lover community, I have almost always had a pet reptile. Currently, it’s Dinga, our family sand boa. We, of course, wash our hands frequently. But back to how not reptiles but dolphins came into our story.

My veterinary pals from school cringed at the thought of using four grueling years of medical education to do epidemiological math two floors underground. But as a kid who enthusiastically went through brick-thick yellow-paper phone books to circle patterns among thousands of ten-digit numbers and dashes, I was in heaven. And it was about to get even better. That’s because after about two years in Atlanta, I was brought on by the Navy to help dive into decades of Navy dolphin health data. Specifically, it was to evaluate changes in their routine blood values based on things like season, year, and age. Officially, this project was part of a National Academy of Sciences (NAS) Research Associateship, which was funded by the Armed Forces Medical Intelligence Center (AFMIC) and assigned to the Space and Naval Warfare Systems Center (SPAWAR) in San Diego, California. In other words, NAS enabled an AFMIC-funded study at SPAWAR. Welcome to the military.


An Unprecedented Patient Population

My first day at the Navy was a sunny, blue-sky kind of day. I arrived in a black business-shirt-and-skirt outfit, heels on. Greeted by an incredibly friendly team of seasoned veterinarians wearing worn T-shirts and shorts, I was loaded into a golf cart that took me to the main pier of the Navy’s Marine Mammal Program. As we walked down this pier, I learned a few things that have held steady for twenty years and counting. First, black business attire in San Diego is for rookies. Second, heels are not great for the uneven wooden planks on a pier. Third (and this is an important one), nobody cares more, has invested more, and has done more to understand and tangibly improve the health of dolphins than the Navy. Really, nobody.

This is probably a good time to tell you about the Navy’s dolphins. The US Navy has cared for a sustained population of about a hundred bottlenose dolphins (Tursiops truncatus) for more than sixty years. They live in San Diego Bay, go out into the open ocean every day, and choose to come back to their bay-based homes every day. For a long time, the main job of Navy dolphins has been to do what they naturally do well—namely, use their echolocation superpowers to help recover underwater objects and find enemy swimmers. But that’s not all they do. Navy dolphins have also safely helped with humanitarian demining efforts off the shores of Croatia and have aided conservationists looking for endangered Vaquita porpoises in the Gulf of California off Mexico. While some of the dolphins’ formal military duties have been sunsetting over the past decade owing to advancing man-made sonar technologies, the Navy continues to diligently care for this precious population and support their open-ocean livelihood.2

The fact that the Navy Marine Mammal Program recruited this nerdy veterinary epidemiologist back in 2001 says a lot about the culture of the program. This team of veterinarians, marine biologists, and animal behaviorists has been fervently dedicated to understanding and improving dolphin health not only for the benefit of Navy dolphins but also for the betterment of all dolphins. With more than two thousand peer-reviewed scientific papers, this program has meaningfully contributed to helping wild cetacean–conservation efforts throughout the world.

So, over almost a half century of vigilantly caring for dolphins, the Navy had amassed an invaluable trove of standardized health data, much of which was already loaded into a tailor-made electronic medical-records database. Routinely collected health data on Navy dolphins includes more than four dozen measurements to assess things like white blood cell counts, liver enzymes, inflammation, and cholesterol. These health panels typically go way beyond what we usually get during our annual checkups at the doctor’s office.

The veterinary team running this program also had the foresight to archive serum samples collected as part of the dolphins’ routine care, resulting in a room full of -80°C freezers containing thousands of invaluable samples patiently waiting for technology to advance enough to make use of this unprecedented inventory. All in, it took about fifty years for the Navy to create the most extensive and detailed resource of dolphin health data and archived samples on earth, which will likely never be created again. I had the amazingly good fortune of being dropped in to help tap into these data and samples to unlock secrets that would further protect the health of Navy dolphins. All while wearing T-shirts and shorts in an aboveground office overlooking Navy dolphins happily jumping as the sun set over San Diego Bay.

One of my first tasks was to better understand the risk of infectious diseases to Navy dolphins. At the time, wild dolphin populations, especially those along the East Coast and in the Gulf of Mexico, were succumbing to a form of measles, called dolphin morbillivirus.3 This highly infectious virus was causing mass mortality events along multiple US shorelines that killed wild dolphins so quickly that, other than being dead, they looked perfectly healthy. Understandably, the Navy wanted an assessment of infectious diseases that were the highest risk to Navy dolphins—and just as important, how to protect the dolphins from getting sick.

Our attention, however, moved to chronic, age-associated diseases in Navy dolphins. This happened for two reasons. First, thanks to their strong preventive care and health-screening programs, infectious diseases were less of a population health risk for Navy dolphins than for those in the wild. Second, the Navy found themselves with a growing cohort of geriatric dolphins. While the average lifespan of dolphins in the wild is about twenty years, Navy dolphins were living twice as long as their wild counterparts, with many dolphins routinely living into their forties and even fifties.4 By 2010, about one-third of the Navy dolphin population was over thirty-five years old. And when that happened, we started seeing subtle changes among aging dolphins that were mighty similar to us humans.

Over the next ten years, we dove into the electronic medical records, analyzed archived serum and tissues, and read piles of histology reports to better understand lower-lying chronic conditions that developed as dolphins got older. This took a while because, unlike people who routinely exchange stories about each other’s aches and sleepless nights, dolphins have evolved to purposely hide their illnesses as part of a survival mechanism. If you’re a dolphin, it isn’t a good idea to reveal to potential predators that your shoulder joint is feeling a bit stiff this morning. So, we relied on all that health data the Navy had meticulously collected.

Here’s what we found. In general, as dolphins get older, their cholesterol and triglyceride levels go up, as well as generalized inflammation.5 Some of these older dolphins go on to develop a chronic condition called metabolic syndrome, which is a cluster of multiple conditions including insulin resistance and elevated glucose, cholesterol, and triglycerides.6 In humans, metabolic syndrome affects at least one in four people globally, and also includes symptoms like excessive belly fat and hypertension.7 Lacking our couch-slouching television watching time and salty potato chip snacks, Navy dolphins stay physically fit, and obesity is not a contributor to their metabolic syndrome. And we discovered that it was hard to tell if hypertension is an issue; dolphins shunt blood vessels away from the skin surface to conserve body heat in cold waters, which makes blood pressure cuffs difficult to use on our finned friends. All that aside, we were seeing many of the components of metabolic syndrome in older dolphins.

In addition to metabolic syndrome, we discovered a couple of other familiar chronic conditions in dolphins. First, upon taking a closer look through the microscope at archived liver tissues, we found that some dolphins had developed a condition called fatty liver disease.8 As you smartly guessed or already knew, this is a disease involving excessive fat deposition in the liver. (We’ll talk more about the alarming global rise of metabolic dysfunction–associated steatotic liver disease, aka fatty liver disease, among humans in Chapter 6.) Second, by analyzing archived dolphin brains, which had been floating in well-cared-for containers on shelves affectionately called the “dolphin brainery,” we discovered that some older dolphins developed tissue-based changes nearly identical to those seen in early stages of Alzheimer’s disease in humans. These parallels between dolphin and human Alzheimer’s disease have also been reported in wild dolphins.9 The more we looked through the Navy’s treasure trove of dolphin health records and samples, the more we understood how dolphin health changes with age, and the more that older dolphins looked like older humans.



Understanding How Chronic Diseases Emerge as We Age

As we found more and more parallels between aging dolphins and aging people, we started engaging in conversations with our colleagues studying human health. Those scientists and physicians were working on metabolic syndrome, fatty liver disease, and other aging-related conditions in humans. While certainly intrigued, we were often met with polite skepticism.


Human health expert: This is super interesting, but I doubt what you’re finding in dolphins is really that relevant to humans.

Dolphin epidemiologist (me): I get it. But do you believe that what we find in mice is relevant to human health?

Human health expert: I would hope so, since mice are our standard model for studying human diseases.

Dolphin epidemiologist: Then humor me here. If a tiny mouse with a tiny brain and short lifespan provides insights into human diseases of aging, don’t you think that dolphins with big brains and long lifespans might be relevant, too? Especially since they are naturally developing the same aging-associated diseases as us?

Human health expert: Ah, I hadn’t thought about it that way. Okay, maybe you’re onto something.



Over the next decade, many of our initial skeptics would become our most powerful advocates. When we first discovered links related to prediabetes in dolphins and humans, however, we still encountered pushback. In 2007, we wrote our first scientific manuscript specifically detailing these parallels, titled “Big Brains and Blood Glucose: Common Ground for Diabetes Mellitus in Humans and Healthy Dolphins.” After uploading this paper to the journal Diabetes, I hit the Submit Manuscript button and headed to our weekly veterinary team meeting. Upon returning to my desk ninety minutes later, I found an email from an editor awaiting my click, stating that our paper was not suitable for their journal since dolphins are not relevant to human health. There’s a decent chance that was the quickest rejection of a scientific paper—ever. We ended up publishing this study in Comparative Medicine.10

The good news was that our studies with the Navy were always squarely focused on continually improving Navy dolphin health, and the potential to benefit public health had always been a bonus. So, as the human health world was working through its fair skepticism, we continued to discover and understand aging-related conditions in dolphins. Thanks to support from the Office of Naval Research, we spent the next decade figuring out why some older dolphins—but not all—were developing insulin resistance, metabolic syndrome, and fatty liver disease. Most important, we were discovering new ways to prevent, treat, and possibly even cure these diseases.

This was a big deal, because finding cures to diseases is notoriously difficult. And here’s why: Just like a water leak can’t be fixed until you find which part of the pipe is broken, it is hard to cure a disease if you don’t know what causes it. The non-plumber term for understanding what truly causes disease at the body level is called pathophysiology. It is amazing and scary how little we really understand about the pathophysiology of most diseases in our own bodies.

For instance, let’s take type 2 diabetes, which is one of the world’s most common chronic conditions, currently estimated to affect 462 million people globally.11 We know that people can develop high glucose levels that are sustained over time (that’s the definition of diabetes), and that these high blood sugar levels directly damage the body’s tissues, resulting in wounds that don’t heal, impaired vision, heart and vascular disease, and more. We also know that drugs can be used to control and lower glucose levels, which helps manage diabetes. Further, in most cases, people can effectively prevent and manage type 2 diabetes by adapting their lifestyle, diet, and exercise routines.

Despite all this, if you ask an endocrinologist what causes type 2 diabetes, they will likely say insulin resistance. If you then ask what causes insulin resistance, there would be a dozen or more answers. And when there are dozens of answers, that means we haven’t truly nailed down the core pathophysiology of type 2 diabetes. Which means that, while we may be able to manage type 2 diabetes, we can’t readily cure it.

So, why is understanding how we develop chronic diseases so difficult? There have been two primary barriers to delivering cures to the world.


	First, human life is crazy complicated. If we asked you to fill out a questionnaire about what you ate over the past four weeks, how difficult would that be? What about what exact activities you did six days ago? I can’t even reliably account for my last twenty-four hours. This is because we are constantly changing where we live, what we eat, and the activities we do throughout our lives. That diversity is further amplified across populations, including differences in age, ethnicity and race, income, environmental factors that affect stress levels, genetics, and access to medical care. This tremendous amount of life-noise greatly complicates human studies, making it nearly impossible to identify the core pathophysiology of, and thus cures for, many chronic diseases.

	Second, mice are not men (or women). Because humans are so messy, the scientific world uses well-controlled rodents to study chronic, aging-related diseases. Limited by animals that live only three years and so don’t naturally develop most human aging-related diseases, science has had to get a bit weird with rodents. This includes altering genes, using extreme diets, and damaging tissues to mimic our metabolic, heart, liver, and brain diseases. These models may seek to replicate the advanced stage of human chronic diseases, but they are missing the secret sauce—the black hole of what causes chronic diseases over decades in humans in the first place.



At the Navy, we had an advantage that very few others had: high-quality health data with very little noise from a mammalian patient population that lived a long time and naturally developed chronic diseases as they aged over decades. Navy dolphins live in the same environment. They eat one thing: fish. They exercise all day. They have access to the same healthcare system. They don’t drink alcohol or sugary beverages. They don’t smoke cigarettes. They don’t eat a Western diet or ultra-processed foods. And yet, some older dolphins still developed aging-associated diseases while others did not. The question was: Why?



On the Precipice of a Big Discovery

Since dolphins don’t have the epidemiological noise we have, our search for the pathophysiology of aging-related chronic conditions in Navy dolphins was pretty straightforward. We started by searching for causes we could most readily address: diet. Sure, dolphins eat fish. But different dolphins eat different types of fish, and different types of fish have different nutrients. And when you think of fish-giving nutrients, chances are you are thinking omega-3s. At least, that’s where our brains went.

To test the hypothesis that higher levels of omega-3 fatty acids protected dolphins against developing chronic conditions, we relied on two dolphin populations. First, we compared Navy dolphins living in San Diego Bay with wild dolphins living in Sarasota Bay, Florida. Although the lifespans of wild dolphins are, in general, shorter than those of Navy dolphins, the health of Sarasota Bay dolphins has been incredibly well documented for decades. This effort is thanks to a team of dedicated marine biologists at the Sarasota Dolphin Research Program, a group who has also contributed substantially to dolphin health science and conservation efforts. Relative to most other wild dolphin populations, Sarasota Bay dolphins are downright healthy. For our second population comparison group, we looked at dolphins within the Navy population that had or didn’t have metabolic syndrome. By comparing these dolphin populations, we found three important hints.

Hint #1: Sarasota Bay dolphins are less likely to have signs of metabolic syndrome compared to Navy dolphins. In our initial study comparing Navy and Sarasota Bay dolphins, we found that Navy dolphins had higher insulin, cholesterol, and triglycerides.12 While Navy dolphins were indeed older, this low-lying trend was also present among some young adult dolphins, suggesting that there might be something about Sarasota Bay dolphins that further reduced the risk of subclinical metabolic syndrome during dolphins’ younger years.

Hint #2: Dolphins with higher levels of an odd-chain saturated fatty acid had lower, healthier insulin levels. We compared fatty acid levels between Navy and Sarasota Bay dolphins. Alas, there were no differences in omega-3s. We did, however, find something interesting. Dolphins with higher blood levels of an odd-chain saturated fatty acid called C17:0 (pronounced see-seventeen) had lower, healthier insulin levels.13 A quick search of the scientific literature revealed that odd-chain saturated fatty acids, such as C17:0 and C15:0, can be present in some types of fish.14

Hint #3: When Navy dolphins were fed fish containing more odd-chain saturated fatty acids, their metabolic health normalized. Our next step was pretty reasonable. We measured C17:0 and C15:0 in different types of fish eaten by Navy dolphins. This included capelin, herring, mackerel, and squid. We did the same for fish eaten by Sarasota Bay dolphins—specifically, mullet and pinfish. We found that capelin and squid—staples of the Navy dolphin diet—had no detectable odd-chain saturated fatty acids, including C17:0 and C15:0. In contrast, Sarasota Bay mullet and pinfish did have these odd-chain saturated fats. So did herring and mackerel.

So, we provided six Navy dolphins with a Sarasota Bay diet consisting of mullet and pinfish for six months. By doing so, we successfully increased their dietary odd-chain saturated fatty acid intake (especially C17:0 and C15:0) more than fourfold compared to their baseline diet, while not significantly changing their omega-3 intake. Within one month, the Navy dolphins’ C17:0 and C15:0 blood levels increased. More important, their insulin and triglyceride levels normalized. Now we were talking. We published this initial study in the peer-reviewed Public Library of Science (aka PLoS ONE) in 2015.15



In science, the roots of an initial discovery can take hold only if they can be consistently repeated. While published scientific findings can be intriguing, they whither when additional studies and other scientists fail to successfully repeat or build upon them. So, we needed to repeat our dolphin diet study. But this time, we added an advanced technology called metabolomics.

Okay, let’s talk metabolomics. Ideally once a year, every human of average health has a nervously polite chat with a phlebotomist, who prepares a needle, ties their arm with a rubber rope, and pulls blood into purple- and red-topped tubes. That blood is then sent to a laboratory to measure one or two dozen things that tell how your immune, heart, liver, red blood cell, and kidney health are doing. We now know there are way more than a few dozen tests that can be done with our blood. In fact, there are thousands. Thousands of insights into how you are really doing.

These advanced tests that measure thousands of metabolites in the blood don’t just identify active liver disease when we turn forty-five years old. They have the potential to reveal that we were at risk of developing liver disease when we were fifteen years old. Metabolomics holds the promise of providing actionable insights that can be seen just as our bodies start to go awry, allowing us to intervene and protect our health longer. It’s a heck of a lot easier to catch and handle a snowball than it is an avalanche.

For the dolphins, we had initially used a simple fatty acid panel to discover that dolphins with higher odd-chain saturated fatty acid levels had better metabolic health. We found that when dolphins ate fish with more of these odd fats, their metabolic health improved. But we didn’t give dolphins pills containing pure C15:0 and C17:0. We gave them mullet and pinfish, which have a lot of things in them besides the odd fats that could have been contributing to the changed health outcomings. And dolphins have a lot more than just fatty acids in their blood.

So, the second time around, we wanted to assess about five hundred different molecules in the blood using metabolomics. These included all kinds of amino acids and fats and carbohydrates and vitamins and nucleotides and peptides and other chemicals that are natural or unnatural but are found in our and dolphins’ blood nonetheless. We also increased our study population from six to thirty dolphins, which included twenty dolphins that received the Sarasota Bay mullet-and-pinfish diet and ten control dolphins that stayed on the baseline Navy diet.

In this second study, metabolomics allowed us to determine, from an unbiased perspective, how the Sarasota Bay diet was changing the molecular milieu in the Navy dolphins’ blood. Using a larger population size and a control group, we could better assess if and how these blood-based changes were really resulting in healthier dolphins.

Amazingly, when Navy dolphins were provided the Sarasota Bay fish diet, the molecular makeup of their blood completely shifted within one month.16 Like a coach building a winning team from a large group of seasonal tryouts, we put each molecule through a robust statistical training program to pick out the thirty most important molecules that changed owing to the Sarasota Bay diet. For us, this was the moment of truth. Using a blinded, nontargeted approach that included 465 different blood-based molecules and was conducted by an independent third party, where would our odd-chain fatty acids land?

It ended up that they were the top-ranking nutrients, with C15:0 first and C17:0 second. This study helped confirm that the heroic odd-chain saturated fatty acids from our first study were indeed important molecules that could be effectively raised in the blood simply by increasing their amounts in the diet. We didn’t know it at the time, but the dolphins had just shared with us an evolutionary secret to longevity: C15:0.






Chapter 2 Extending Longevity

During 2015, our discovered link between higher C15:0 levels and healthier dolphins reached far beyond just better health; it was the beginning to unlocking mammalian longevity. This brings us to longevity. When many of us hear this word, we think of having to live beyond our expected years. Having to live more years with poorer sight, worsening hearing, and weaker bladders. Relegated to more hours in bed than in walking. Alone. And when we think of longevity this way, most of us say “I’ll pass.”

But to health, we all say “Yes, please.” Health means energy and strength. A sharp mind and wit. Enjoying the outdoors and the kitchen more than the couch and the bed. And, it is hoped, with health comes happiness, too. It is interesting that longevity tends to land in the science fiction section of our cerebral library, while health is a core tenant of the self-help section.

There are certainly scientists searching for science fiction–like ways to tweak genetically determined processes, with a goal of (just possibly) achieving immortality. But when we’re talking about extending longevity and meaningfully increasing the quality of our lifespan, the best way to achieve that is to stay as healthy as possible for as long as possible. As such, our healthspan (how long we preserve our health) and our longevity are intricately interlinked. To meaningfully extend our longevity, there is a dire need to move beyond hospitals simply keeping our bodies from dying and to forge bold new ways to help us stay robustly healthy for as long as possible.

As humans, we have actually done quite well in extending our own longevity during the past century. If you were born in the early 1900s, you would have expected to live to your mid-forties. Today, the average human lifespan is approaching the mid-eighties.1 That means we have doubled our average lifespan. So, can we continue to advance medicine and science to double our average lifespan again—to live 160 years or more?

Most longevity experts would say “Nope.” That’s because many believe we are inextricably tethered to declining health over time, resulting in a maximum lifespan of around 125 years.2 The common belief has been that our bodies simply don’t have the ability, as biological organisms, to slow aging-related breakdown enough to surpass a century and a quarter. That is why much of the life sciences world has shifted priorities from living beyond 125 years to living healthier within those years.

There is another glitch that has shown up in our live-to-160-years plan. And that is since 2014, our lifespans have been decreasing. While COVID-19 certainly contributed to our shortened lives during 2020 and 2021, the United States in particular has not had an upward lifespan trend for ten years.3 (We’ll dive deeper into this issue, including increases in aging-related diseases in younger people and the potential for C15:0 to help fix this problem, in Chapters 8 and 9.) Glitch aside, there does seem to be something missing in an isolated argument for healthspan. If we can extend our healthspan by staving off chronic diseases, wouldn’t that inherently lead to our living longer, too? So, understanding this logic, the best interventions to extend our longevity are those that aim to extend our healthspan. In turn, the best way to extend our healthspan is to delay the onset of multiple chronic diseases of aging as early and as long as possible.4 Enter here an exciting healthspan-to-lifespan science frontier, which has quickly gained its own set of rules. Because we’re scientists and we like to work with at least some agreed-upon assumptions and criteria, the following is a list of five must-have criteria that should be in place for something to be considered a longevity molecule.


The Five Longevity Molecule Must-Haves


Longevity Molecule Must-Have #1: Target Key Hallmarks of Aging

When an old car stops working, any mechanic can provide a list of the most common reasons why old cars break down. Similarly, scientists working on old humans have their list of what is most likely to break within our cells as we age. This list is called the hallmarks of aging, and it defines how we age.5 Here is a brief summary of twelve hallmarks of aging:


	Cellular senescence. As we age, our cells start malfunctioning, but they don’t die. This cellular senescence leads to “zombie” cells that spin up inflammation and other instigators of age-related breakdown in our tissues.

	Mitochondrial dysfunction. Mitochondria, those powerhouses of our cells, stop putting out energy for our cells—and start making damaging oxidative radicals that hurt our cells. Bad mitochondria.

	Chronic inflammation. Also known as “inflammaging,” this happens when our immune system ramps up and stays ramped up, resulting in chronic, low-lying inflammation that speeds up our body’s and brain’s natural wear and tear.

	Altered intracellular communication. Our whole body-and-mind balance is entirely dependent on healthy communications within and between our cells. When these signaling systems are out of whack, so is our metabolism, immunity, and a whole lot more.

	Deregulated nutrient-sensing. Our body was built to respond to the foods we eat. Just ate a cookie? Time to go into glucose (sugar) storage mode. Haven’t eaten carbs for a long time? Let’s move into liver-glucose-producing mode. When these nutrient sensors go awry, we can develop aging-associated conditions like insulin resistance.

	Epigenetic alterations. As we get older, our DNA gets littered with dust balls. This process of epigenetic DNA methylation results in gene-based mix-ups that can drive many diseases of aging.

	Dysbiosis. Our gut is filled with all kinds of bacteria, including many good ones. These good microbes help make beneficial molecules that we absorb to keep us young and functioning. Dysbiosis is when our bad-to-good bacteria is out of balance in a bad way.

	Genomic instability. Mutations in our DNA happen, which can lead to better versions of us. Unfortunately, DNA mutations can go the other way, too. With age comes less stable DNA, which is more likely to mutate and lead to bad things, like cancer.

	Telomere attrition. Our chromosomes have protective caps (called telomeres) on their ends, and full chromosomes can keep happily dividing to produce healthy cells for our body. Aging over time whittles away on these telomeres, resulting in compromised chromosomes—and fewer healthy new cells for us.

	Loss of proteostasis. You know how it gets harder to get hair out of your brush the less frequently you clean it? The same holds for proteins, which can be messy and complicated molecules. When we age, our proteins are more likely to fold over onto themselves, resulting in their malfunction and contributing to aging-associated diseases.

	Disabled macroautophagy. Our cells can make their own garbage disposals to help get rid of old junk within them. This is called macroautophagy. You know what happens when the garbage disposal stops working. Yep, a big backlog of trash. When macroautophagy is disabled, our littered cells don’t function well, and this contributes to biological aging.

	Stem cell exhaustion. Our body makes filled-with-promise stem cells, which are early cells that can develop into a number of different types, including different types of immune cells. When we age and have less healthy stem cells, this translates into fewer downstream good cells and poorer immunity.



Here’s what is important about these hallmarks of aging. If we can find ways to slow or stop a variety of these processes, we can slow or stop aging itself. So, that’s pretty encouraging. While this is a bold list of targets for scientists to pursue, simply lengthening telomeres or slowing DNA mutations (or any other single hallmark of aging) alone will not automatically translate to instant longevity. So, here are the remaining four longevity molecule must-haves.




Longevity Molecule Must-Have #2: Tap into the Human Longevity Pathway

In addition to hallmarks of aging, a map to human longevity points to a handful of pathways that lead to the treasure of longer life. No, really. There is a great resource, called the Kyoto Encyclopedia of Genes and Genomes (KEGG), that houses all kinds of nerdy biological maps that detail intricate webs connecting the gears governing how cells, bodies, and ecosystems work. Here’s what the Longevity Regulating Pathway map looks like:6


[image: A flowchart of longevity pathways showing insulin, mTOR, AMPK, SIRT1, and FOXO signaling control autophagy, stress resistance, metabolism.]
Description 1

This particular map is based on longevity-enabling changes that happen within our bodies when we restrict our daily caloric intake by greater than 10 percent.7 Ready to go for a ride to longevity land? Let’s start with caloric restriction, which upregulates AMPK. When AMPK is activated, it turns up SIRT1, which has been called the “Master Metabolic Regulator” that protects against numerous aging-associated diseases.8 SIRT, in turn, inhibits the NF-kB pathway, which lowers inflammaging, and activates PGC1α, which helps to fix mitochondrial dysfunction. AMPK also inhibits mTOR and activates the FOXO signaling pathways, both of which take out those senescent zombie cells. If you were counting, our chosen longevity pathway trip provides detailed instructions on how to target at least three hallmarks of aging: inflammaging, mitochondrial dysfunction, and cellular senescence. Ah, snap. Hello, longevity.

Wait a minute. So, why aren’t we all just cutting out a few hundred calories a day to live longer? While caloric restriction has been extremely popular and may initially seem like a simple solution, the practice of caloric restriction isn’t sustainable for most people.

I have experienced this myself. Upon reading the latest study on the benefits of caloric restriction, I adamantly committed my life to a greater than 10 percent reduction in daily calories. Inside of a month, however, this habit was broken (again and again) because of a conference in Boston, dinner at that new steak house with friends, a stress-filled week working on budgets and board decks, and the pure bliss that comes from eating comfort food. That was until I read the latest study on the benefits of caloric restriction. Which then resulted in a renewed commitment to restricting calories. But then we headed to Las Vegas for a weeklong meeting, and the holidays arrived, and my next stressful deadline was approaching, and I wasn’t so careful with my calories. You get the point.

While the practice of longevity-enabling caloric restriction is not sustainable for most people, it has enabled a much greater understanding of how we can tap into our internal longevity map to effectively extend our healthspan and lifespan. So, now you understand why an optimal longevity molecule should target at least a few hallmarks of aging, as well as tap into the human longevity regulating pathway. Thanks to our knowledge of these hallmarks of aging and of the human longevity pathway, the scientific world is no longer blindly searching for a single longevity light switch. We now have a strong flashlight and clear directions to numerous switches that, we hope, will give us all more healthy time. So, what’s the third longevity molecule must-have?




Longevity Molecule Must-Have #3: Evidence of Slowing Aging Rates in Clinically Relevant Ways

If Promising Molecule X effectively targets (1) hallmarks of aging and (2) the human longevity pathway, it should show evidence of slowing down the rate at which we age. If we can slow our biological aging rate in clinically relevant ways that our doctors care about, we can extend how long we live. Conversely, if an intervention does not slow down our aging rate, it is not likely to meaningfully lengthen both our healthspan and our longevity. Totally logical must-have. But it’s a really difficult lift, in part because there is little consensus on how to measure our aging rates. This is where a lot of initially promising molecules fall off the list of longevity molecule candidates. Consider the “slowing aging rate” as the toughest part of Navy SEAL training, where most dropouts happen.



Longevity Molecule Must-Have #4: Tangibly Improve Health

This longevity molecule must-have may seem obvious, but it becomes less obvious when answering three questions that we could ask of the one in three adults in the United States who take vitamins.9


Question 1: Do you feel a difference when you take (or don’t take) your vitamins?

Likely Answer: Maybe. Well, not really.

Question 2: Would you stop taking your vitamins if your cholesterol didn’t go down? Or your arthritis still hurts? Or you aren’t sleeping well?

Likely Answer: No, because that’s not why I am taking vitamins.

Question 3: Why do you take vitamins?

Likely Answer: Because I’m supposed to. For my health.



Unlike this perception regarding many daily long-term supplements, longevity molecules don’t get a free pass. Instead, they should provide either (1) clinically relevant benefits that doctors can see, or (2) changes in quality of life that one can feel—ideally, within months. The only caveat here is if said person hadn’t yet succumbed to aging-related breakdown. Because if you’re not broken, then it’s a bit harder to tell what’s being fixed by your longevity molecule.

Now is a good time for a special shout-out about inflammation. This is because the scourge of inflammation intersects with several sections in this chapter. It is a hallmark of aging. It is a clinically relevant condition. It makes our knees and hips hurt. It causes and exacerbates all the chronic diseases that make us age faster. This unsolicited phenomenon is called inflammaging.10 And if we can fix inflammaging, we can tangibly improve health.

While doctors typically measure just a few things in our blood to test for systemic inflammation (such as C-reactive protein), there are dozens and dozens of players involved in inflammaging. These instigators of inflammation are called pro-inflammatory cytokines and chemokines, and your typical first-string lineup of pro-aging players includes IL-6 (which stands for interleukin-6), TNFα (tumor necrosis factor alpha), and MCP-1 (monocyte chemoattractant protein 1).11

Pro-inflammatory cytokines have blowhorns that mercilessly beckon inflammatory cells into our




Longevity Molecule Must-Have #5: Delay the Onset of Chronic Conditions





Longevity Molecule Must-Have #6: Can Be Taken Routinely over Decades and Decades





Longevity Molecule Must-Have #7: Safe to Use over Decades and Decades
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The Cell Membrane Pacemaker Theory of Aging















Rapamycin, the Longevity Leader




[image: A chemical structure of rapamycin, a complex organic compound with multiple rings and functional groups.]
Description 2





[image: A flowchart of aging pathways, highlighting the mTOR signaling pathway.]
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	Anti-inflammatory

	Antifibrotic (aka prevents tissue scarring)

	Anticancer; and

	Antimicrobial








Metformin, an Oldie but Goodie




[image: A flowchart of longevity pathways, highlighting the AMPK signaling pathway.]
Description 4
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