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Dedicated
to the memory of
Annette Marie Jaminet,
Paul’s mother, who died of cancer at age 33,
and
Tei-Kuang Shih,
Shou-Ching’s father, who died of stroke at age 62,
and to the hope that
disease and premature death
will soon be eradicated.





Foreword


In writing The Primal Blueprint, my goal was to improve the overall health of the general population—the folks who just want to be healthier, happier, stronger, fitter, and more productive. Most of the complaints, the aches and pains, and the concerns that your mom, your dad, your friends, your grandparents, your coworkers, and you worry about aren’t inevitable. Most health issues can be avoided with just a few simple tweaks to your lifestyle.


I try to help guide people toward these changes by showing them what’s worked for me and countless others. I’m a generalist, and that’s how I’ve always been. The world needs generalists. But the world also needs people who delve deeply into the medical and scientific literature, probing for knowledge that can address the specific illnesses and health issues reducing the quality of life—and life span—of people today.


Paul and Shou-Ching Jaminet, both trained scientists, are perhaps the finest examples of the type of experts we need. Their book and blog, Perfect Health Diet, represent the culmination of a half decade of rigorous research. They’ve combed the relevant literature for clues, hints, and knowledge they needed to address their own rapidly deteriorating health. What they found healed their ailments and changed their lives. And what began as a highly specific approach to their own health issues quickly became a more general, overarching approach to good health—for everyone. Anyone and everyone will benefit from their dietary recommendations, but the Jaminets’ advice is particularly relevant for those suffering from health issues that traditional medicine has been unable to treat or improve.


If you’re reading this book, you’ve likely had some personal experience with the failings of conventional medicine. Now, I don’t want to sound antimedicine. I’m not. Conventional medical professionals are fantastic technicians and mechanics; they can patch you up, keep you alive, put in new equipment and take out old malfunctioning stuff. They wield an array of powerful drugs with specific applications, many of them helpful. They have an immense amount of technology at their behest. And yet many in the world of conventional medicine are missing the big picture—or at least a large part of it.


With Paul and Shou-Ching, you have the missing piece. They bridge the gap between the philosophical, broad-based, almost intuitive ancestral approach to health and the hard-core data hounds who need to see proof at every step. The authors are scientists through and through, an astrophysicist and a molecular biologist, who deftly wield the scepter of cold, hard science while paying homage to the inescapable wisdom of traditional, ancestral, evolutionary health.


While we wait for the medical community to catch up and get with the big picture, we’re lucky to have a pair of minds like the Jaminets’ to read, absorb, and learn from in the meantime. This is the future of medicine, of health. It has to be, because it’s the right way to do things, a way of thinking about food and nutrition that helps us to heal and live better lives rather than making us suffer.


If history is any indication, eventually we do get it right. A consensus forms and is broken; this process might repeat several times over many decades (or longer), but it eventually coalesces behind what is truly right.


We’re reaching that moment. We started as a fledgling group of athletes, scientists, doctors, patients, parents, and skeptics who found something that seemed to work really, really well. And so we shouted it from our keyboards. We wrote books. People read our words, implemented the advice they advocated, and saw their health transform before their eyes. Now, I’m not sure we’re quite yet out of the fledgling stage, but we’re growing. You can’t deny that.


This, the newest edition of Perfect Health Diet, is helping lead the charge. By reading this book, you are taking part in a new (yet ancestral), radical (yet reasonable) movement toward better health. For that, I thank you, and I look eagerly toward what lies ahead.


Mark Sisson


Author of The Primal Blueprint, publisher of Marksdailyapple.com





Preface


We are two scientists who ate poorly and ignored a gradual decline in our health. By age forty, we had developed disturbing health problems:


• Paul had neuropathy, memory loss, impaired mood, physical sluggishness, and rosacea.


• Shou-Ching had painful endometriosis, ovarian cysts, and uterine fibroids; hypothyroidism; allergies; constipation, acid reflux, and bloating.


Doctors were of little help. Nothing we tried worked; surgery made Shou-Ching worse. Medical professionals couldn’t even offer a reason why we were experiencing these problems. Yet, every year, we were a little worse than the year before.


Then, in 2005, we tried Chinese herbal medicines: twigs, bark, seeds, and leaves prepared at home like a tea. They seemed to work, but we both developed allergic reactions to the medicine and had to stop.


That planted an idea: if medicines had no effect but a tea made from plants did, perhaps the path forward lay in what we were eating—in our diets.


Paul was then developing a new approach to economics, a theory of relationships and social networks (see relationshipeconomics.com). Through the economist Craig Newmark, Paul learned of the low-carb Paleo diet of the economist Art de Vany.


The Paleo idea is that we evolved for 2.6 million years eating hunted animals and foraged plants and that these remain our most healthful foods. It is supported by evidence: robustly healthy Paleolithic skeletons were succeeded by unhealthy skeletons with cavity-riddled teeth after the invention of agriculture,1 and some modern peoples are entirely free of cardiovascular disease on traditional diets—for instance, the islanders of Kitava on their diet of coconut, yams, taro, and fish.2 We were persuaded to give the Paleo diet a try.


Paul became leaner and stronger. Shou-Ching’s allergies and digestive problems cleared. Clearly there was something to this diet.


But new problems appeared. Paul developed a systemic fungal infection; over the next year his cognitive and neuropathic issues worsened, and after a year of very-low-carb dieting, he developed scurvy, which caused his weight to drop to a mere 145 pounds.


The scurvy was a wake-up call: if we were malnourished in one nutrient, we were probably malnourished in others. As scientists, it was natural to us to turn to the biomedical literature for answers. Since the quality of our lives was at stake, we undertook to scour the literature, fine-tuning our diet to provide the optimal amount of each nutrient. This occupied the next five years.


In 2009, Paul traced his neurological problems to a chronic bacterial infection; a course of antibiotics cleared it. Our health kept getting better; we began to feel as though we were in our twenties again.


The Perfect Health Diet Is Born


Five years of arduous research had finally led us to a healthful diet. We were convinced that our work could help others and felt obliged to share what we had learned. So in June 2010 we started a blog and self-published a book spelling out our ideas and the reasoning and evidence that had led us to them.


Thanks to a glowing review (titled “My new favorite book on nutrition and health”) on the popular blog of the naturopathic healer Chris Kresser, we quickly gained hundreds of readers, many with chronic health problems. Soon they were sending us reports of health improvements.


Gradually the word spread. Over the next year and a half, readers reported recovery from a host of ailments: obesity, migraines, acid reflux, sleep disorders, mood disorders, depression, anxiety, borderline personality disorder, hypothyroidism, acne, dry eyes, traumatic brain injury, PCOS, amenorrhea, infertility, allergies, constipation, bowel diseases, arthritis, high blood pressure, Raynaud’s syndrome, and many more. Here are a few of our favorites.


• After years of yo-yo dieting and never finding a weight loss diet that didn’t make him ravenous, Jay Wright lost 80 pounds in seven months on our diet without hunger. He reached his normal weight, 170 pounds, and has maintained it for the last year without difficulty. A few months into his weight loss, Jay emailed us: “THIS IS THE BEST DIET EVER!” He was at a restaurant eating a salad with balsamic vinegar and olive oil dressing, an 8-ounce steak, and a baked potato with butter and sour cream and some water with lemon and said to himself, “I can’t believe I’m eating this and still losing weight!”


• Kate Martins had had severe migraines for fifteen years, plus anxiety. A host of prescription drugs, diets, and supplements had all failed. She tried the ketogenic version of our diet, along with our recommended supplements and intermittent fasting, and within a week her headaches had begun to disappear. Soon she was nearly headache-free, and her anxiety had disappeared. She wrote us, “The PHD is strong brain medicine indeed!”


• Joan’s sister had suffered from chronic fatigue syndrome and eczema her whole adult life. Ten days after starting our diet and supplement advice, Joan reported: “Within 24 hours her eczema was much improved. . . . Now 10 days later her eczema has completely cleared and her skin is looking good. . . . Not only that, but some of her CFS symptoms have improved. Her constant headache is not as severe, irregular heartbeat episodes have almost completely stopped and she is tolerating slightly more physical activity. . . . Her sense of despair and resignation has gone and you have given her hope of a better future. Words seem inadequate to express thanks for that.”


• Brian P. wrote to thank us for helping him lose 35 pounds “along with a general improvement in energy and ‘evenness.’ ” He called our diet “totally satisfying” and closed with this: “I strongly suspect PHD played a pivotal part in my wife getting pregnant naturally, just prior to starting her next round of IVF.”


Perhaps the most touching story concerned two young boys with a genetic disorder, Neurodegeneration with Brain Iron Accumulation (NBIA). NBIA children typically lose the ability to walk around age 3, cannot hold their heads upright, and have difficulty swallowing. Premature death occurs usually in the teens. The last years are excruciatingly painful due to uncontrollable muscle spasms.


The mother of one of the boys wrote us:


My son, who is 6, . . . has been on the [ketogenic version of the Perfect Health] diet for less than one month and his hands have relaxed enough for him to regain his pointing ability (which had been lost).


Zach, the 12 year old on the diet, is much further progressed in the disease. Zach has been on the diet since late October, 2010. . . . The following are the improvements that have been noted by Zach’s family and therapists: Zach has begun holding up his head even though his neck has been hyper extended backwards since he was 9, he has begun pointing with his finger again instead of the palm of his hand, he is moving his right arm again some, and the latest thing is that he is now able to go from a lying position to a sitting position on his own by hanging on to something or someone. He has not done this since he was 9 years old.


Both boys have begun smiling and laughing all the time.


Nothing is more gratifying than to receive an email like this!


A Strategy for Perfect Health


The book is designed to walk you through a strategy for achieving good health by seeking perfect heath. Our aim is to eliminate every nutrient deficiency, remove every dietary toxin, and eat nothing in excess.


This is a highly effective strategy for healing because most chronic diseases have many causes, each contributing a mite to the disease, but cumulatively causing great harm. Only when many causes are addressed can diseases be cured.


Not only does dietary perfection heal many diseases; we believe it is also the best strategy for healthful weight loss, for athleticism and fitness, as well as for longevity.


A Theory of Disease, Health, and Aging


We believe that disease and ill health are largely caused by three factors:


• Nutrient deficiencies;


• Poisoning by toxins—most of them food toxins; and


• Chronic infections by bacteria, viruses, fungi, protozoa, and parasitic worms. These infections are fed by excess nutrition and flourish when immune function is impaired by nutrient deficiencies or circadian rhythm disruption.


Most people’s diets are deficient in some nutrients, provide an excess of others (often ones that feed pathogens), and are rich in toxins. These dietary errors cause ill health.


Hippocrates, then, was right to declare, “Let food be thy medicine.” Given the proper diet, the human body has amazing recuperative powers.


We believe that dietary therapy will work a revolution in medicine. Most of the chronic and degenerative diseases that afflict modern society cannot be cured until the diet is fixed. Much of what people consider “aging” is, in fact, infectious disease aggravated by a bad diet. Yet when the diet is healthful, the immune system may spontaneously defeat many diseases, and antibiotic drugs may work wonders.


About the Science in This Book


We want to help our readers achieve perfect health and maintain it through a long life. We want to give hope to the diseased and weight loss to the obese. We want to persuade doctors and scientists, too, so that our medical revolution may arrive soon.


This is a science-rich book: we show our reasoning and evidence. It has to be, to persuade scientists and doctors. Chronic disease patients, too, are often sophisticated skeptics, keen to “prove all things and hold fast that which is good.” We are both scientists and former chronic disease patients: we know what kind of book would have persuaded us to change our ways. We’ve tried to write that book.


Science is fascinating, and we have striven to make it entertaining. But we also want the book to be easy to read and helpful for people who just want to know “What should I eat?”


Toward that end, we’ve tried to make it easy for casual readers to find practical guidance. The book is organized into five parts addressing practical issues: what foods to eat, what foods to avoid, how to be well nourished by food or supplements, and how to live a healthful lifestyle. Chapters conclude with prescriptive advice.




SCIENCE OF THE PHD


More esoteric science and interesting asides are placed in SCIENCE OF THE PHD boxes like this one. Casual readers may wish to skip or skim these boxes.





Readers can find further discussions at our web site, www.perfecthealthdiet.com. We strive to answer any questions we receive there.


Best wishes, dear reader. May our insights help you attain Perfect Health!


The Perfect Health Diet in Brief


The Perfect Health Diet is, by calories, a low-to-moderate-carbohydrate (20 to 35 percent), high-fat (50 to 65 percent), moderate-protein (15 percent) diet. However, by weight, the diet is about 65 percent plant foods, 35 percent meats and oils.



DO eat:



• About one pound per day—roughly, four fist-sized servings—of “safe starches”: white rice, potatoes, sweet potatoes, taro, winter squashes, and a few others. Add up to another pound of sugary plants—fruits, berries, beets, carrots, and such—and as many low-calorie vegetables as you like. Be sure to include a bit of seaweed, for minerals. In total, you might eat 2 to 3 pounds of plant foods.


• At least a half pound, probably not more than one pound, of fatty meats, seafood, and eggs. Once a week, eat salmon or other cold-water fish for omega-3 fatty acids.


• Eat 2 to 4 tablespoons of healthful cooking oils and fats per day—enough to make your food delicious but not oily. Butter, sour cream, beef tallow, duck fat, coconut oil, olive oil, and tree nut butters are the best fats. Use spices, including salt. Liberally use acids such as vinegar, lemon juice, and lime juice.


• Adjust the amount of food to fit your appetite, but keep these relative proportions of plant and animal foods. Adjust the proportions of fat, starch, and protein to make your food as delicious as possible.


Do NOT eat:


• Grains and cereals (including wheat, oats, and corn but excluding rice) or any products made from them (including bread and pasta). However, it is okay to eat gluten-free products made from rice flour, potato starch, and tapioca starch.


• Sugar, corn syrup, or products containing them (soda, sweets).


• Beans or peanuts (such as soybeans, kidney beans, jack beans, or pinto beans).


• Omega-6-rich vegetable seed oils (such as soybean oil, corn oil, safflower oil, peanut oil, and canola oil).


AVOID:


• Milk, but DO eat fermented or fatty dairy products: butter, sour cream, ice cream, cheese, yogurt.



Finally, DO:



• Eat “supplemental foods” such as beef liver, shellfish, kidneys, egg yolks, bone and joint broth soups, seaweed, tomatoes, and fermented vegetables to obtain crucial micronutrients. Supplement other nutrients as needed, especially magnesium, iodine, and vitamins C, D, and K.


• Practice intermittent fasting by restricting eating to an eight-hour window.


• Exercise in the morning; expose your skin to sunshine; avoid bright light and too much food at night; and get a good night’s sleep.


The Perfect Health Diet Food Plate


For those who prefer graphic images, we created the Perfect Health Diet food plate shown on the opening page of the five parts of this book, including the page after this one. The body of the apple represents the components of a meal; the yin-yang symbol represents a balance of plant and animal foods. The leaves and stem represent pleasure foods that should be eaten in moderation. In the shadow of the apple are foods to avoid: grains except white rice; beans, peanuts, and other calorie-dense legumes; sugar and foods containing it, like soda; and vegetable seed oils.




    


Part I


An Evolutionary Guide to Healthful Eating
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Why We Start with an Evolutionary Perspective




Why understanding the big picture is so crucial to your health.





An ancient Indian story tells of eight blind men trying to discern the nature of an elephant. Each felt a different part and reached a different conclusion about the nature of the elephant.


The poet John Godfrey Saxe reported the outcome:


And so these men of Hindustan


Disputed loud and long,


Each in his own opinion


Exceeding stiff and strong,


Though each was partly in the right


And all were in the wrong.


Much the way experts quarrel about diet!


Why is it so hard to figure out the optimal diet?


Like the blind men in the fable, diet experts begin with no clear picture of what an elephant looks like and after lifelong investigations acquire only a partial grasp of the evidence. The biomedical database PubMed contains more than 22 million articles, and a million new papers are added each year. A typical scientist reads at most a thousand papers per year. No matter how long a scientist’s career, it’s impossible to read more than 0.1 percent of the literature. Most of this reading has to be in the scientist’s specialty—a small part of the elephant.


Adding to the problem is the complexity of human biology. We need to get many nutrients, maybe hundreds, from our food. Food contains thousands of toxins. With so many different ways food can nourish or harm us and so many different ways to assemble foods into a diet, picking out which diet is healthiest is like answering a multiple-choice test that has a billion choices. It’s easy to go wrong.


Looking at all this research is like looking at a disassembled jigsaw puzzle with no picture of the completed puzzle. It’s hard to tell how to put the pieces together.


A Big-Picture View We Can Trust


What we really need is a big-picture view—a view of the whole elephant. We need a reliable guide to the optimal diet, a guide that gives us an approximation to the truth at the very beginning of our investigations. This approximate answer can be a lodestar that guides us through the labyrinth of details, preventing many a wrong turn.


This is where an evolutionary perspective comes in. We know that healthy people and animals are more likely to survive the vicissitudes of life and have children and grandchildren. This means that evolution selects for healthful behaviors—including healthful eating.


If we’re looking for a human diet that evolution guarantees is healthful, the place to start is with the diets of the Paleolithic. The Paleolithic was so long—2.6 million years—that Paleolithic man became highly optimized for the Stone Age environment. In the last 10,000 years, mutations have become much more common due to population growth,1 but most beneficial mutations have not had time to become widespread. The historical era has been a period of genetic diversification and emerging but incomplete adaptation to modern life. That means if we want an environment, diet, and lifestyle that will be healthful for all of us, we have to look back to the Paleolithic.





SCIENCE OF THE PHD
Why We Share a Paleolithic Heritage


The Paleolithic began 2.6 million years ago with the invention of stone tools and ended 10,000 years ago with the invention of agriculture. The Paleolithic lasted a hundred thousand generations and was characterized by small populations, typically, tens or hundreds of thousands; at the end of the Paleolithic the human population was 3 million. The modern era has a large population—7 billion today—but evolution has had little time, less than five hundred generations, to work its magic.


We can calculate how long it will take before every possible mutation appears in some person, somewhere. Every child has a similar number of mutations—about 175 new point mutations among the 3 billion base pairs of the human genome.2


• In the Paleolithic, with 10,000 children per generation, it would have taken 8,000 generations, or 160,000 years, for each possible mutation to occur once.


• Today, with more than a billion children per generation, every possible point mutation now appears about twenty times per generation, or almost yearly.


We can also calculate the time required for a beneficial mutation to reach “fixation,” or universal presence throughout humanity. This time is on the order of ln(N)/s, where N is the population size and s is the selection coefficient, a measure of how beneficial the mutation is in terms of expected number of children.3


• In the Paleolithic, a mutation that raised the probability of having an extra child by only 0.1 percent would have reached fixation in 460,000 years. So a mutation with selective advantage of 0.1 percent would have occurred within the first 160,000 years of the Paleolithic, then become universal 460,000 years later—long before the Paleolithic was over.


• In the modern era, a similar mutation would occur every year but would require 200,000 years to reach fixation. The modern era is less than 10,000 years old, however, so few recently mutated genes have had time to become universal. As a result, our genetic adaptation to the new environment of modern life—agricultural foods, city living, the presence of governments and complex institutions—is incomplete. And human genetic diversity is greater than ever before.


Because mutations that would remove our adaptation to Paleolithic diets have had little time to spread through the population, it is likely that nearly everyone is extremely well adapted to Paleolithic diets. The same cannot be said for modern diets.
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The Paleolithic Diet




• Eat real food: recently living plants and animals.


• Eat mostly plants—but low-carb!


• Among plant foods, favor in-ground starches.


• Don’t be afraid to eat fat! Hunter-gatherers flourished on a fat-rich diet.





The premise of “Paleo” diets is that foods hunted and gathered by our Paleolithic (“Old Stone Age”) ancestors represent the healthiest human way of eating, while agriculturally-produced foods may be dangerous to well-being.


There’s solid evidence backing this idea. Direct evidence for the superiority of Paleolithic diets comes from archaeological studies of ancient skeletons. These studies tell us that until the modern era, with our reduced rates of infectious disease, the Paleolithic was the healthiest epoch of human history.


Studies of animals also show that “wild” diets are the healthiest. For example:


• Thirty-two percent of pet cats and dogs are obese,1 but obesity is rare among wild wolves and tigers. It’s not only pets: feral rats living in cities and eating discarded human food have grown increasingly obese in parallel with the human obesity epidemic.2


• Zoo-born elephants live only half as long as elephants living wild in parks such as Amboseli National Park, Kenya.3 Zoo elephants also have much higher rates of obesity than wild elephants. Elephants make a great comparison animal, because they are rarely subject to predation in the wild.


What’s the “wild” human diet? Presumably, the diet obtained the same way wild animals obtain their food: by hunting and foraging in the manner of our Paleolithic ancestors.






READER REPORTS: A Cure for IBS


I’m 62 and have suffered, along with anyone who gets near me, with IBS for the past 25 or so years, and have tried just about every supplement to alleviate the condition without success. Since starting the PHD my symptoms disappeared in less than a week—and haven’t come back. As Billy Crystal would say, “UN beWEEV abo.” Thanks so much.


—Jack Cronk








Paleolithic Health and Neolithic Decline


The tall stature and strong bones of Paleolithic skeletons indicate that Paleolithic humans were in remarkably good health. Paleolithic humans were tall and slender; cavities and signs of malnutrition or stress in bones were rare; muscle attachments were strong, and there was an absence of skeletal evidence of infections or malignancy.4


The adoption of farming in the Neolithic radically changed the diet, and with it came a dramatic loss of health. Farmers needed crops that yielded many calorie-rich seeds from each seed planted, so the harvest could feed the farmer’s family for a year and supply seeds for sowing in the spring. This required a turn of the diet to grains and legumes—foods that, as we shall see, are toxic.


After the adoption of agriculture, stature lessened; smaller tendon attachments show that muscles weakened; bone and teeth pathologies, such as cavities and osteoporosis, became common; hypoplasias show that periods of malnutrition were common; and signs of infections and inflammation became common.




SCIENCE OF THE PHD
The Neolithic Decline


A large number of journal articles, anthropology Ph.D. theses, and books discuss the collapse of health that is visible with the adoption of cereal grain agriculture.5 A few tidbits:


• Average height dropped, bottoming out at about five feet, three inches for men, five feet for women around 3000 B.C.—about five inches shorter than in the Early Upper Paleolithic.6


• Bones from the Neolithic site of Ganj Dareh in Israel, studied by the anthropologist Anagnostis Agelarakis, showed hypoplasias on the teeth, indicative of malnutrition when young; signs of ear infections and gum inflammation; broken or fractured bones; and arthritis. Those who survived childhood struggled to reach middle age.7


• Nine of sixteen Bronze Age mummies—and seven of the eight of people who died after age 45—in the Museum of Egyptian Antiquities, Cairo, had atherosclerosis.8





The drop in stature persisted throughout the agricultural era until modern times. Only in the twentieth century, with rising wealth and the elimination of many infectious diseases, did humans regain Paleolithic stature.


So Paleolithic diets were quite healthful—agricultural diets, not so much.


We’d better look into what those healthy Stone Age hunter-gatherers were eating!



Paleolithic Plant Foods: Savanna Starches



Many people assume that our distant ancestors resembled chimps and gorillas—forest-dwelling apes who ate fruit. That’s a mistake.


Our ancestors had a long association with open woodlands and tree-spotted grasslands. Where the fossils of human ancestors have been found, tree cover was generally less than 40 percent, sometimes as low as 5 percent.9


Fossils testify that our Paleolithic ancestors lived in open, grassy terrain. Fossil hominids lack the stiff spines and long powerful arms of forest-dwelling apes, and appear to have spent much of their time walking bipedally as grassland dwellers do.10 Ape bipedalism has a long history. Ardipithecus ramidus, which dates from about 4.4 million years ago, spent a significant amount of time walking bipedally,11 as did Oreopithecus bambolii, whose fossils date from 10 to 7 million years ago.12 Another bipedal hominoid dates to 21.6 million years ago.13 Very possibly the common human-chimp ancestor was a bipedal ape living in open terrain, and chimps and gorillas adapted to the forest after they diverged from the human line.


Not only did our hominid ancestors live in wooded grasslands, their food came from grasslands too. This has been proven by a clever method—“isotope signatures” of fossilized bones. Combined with the structure of hominid teeth, this evidence tells us that our ancestors were eating savanna tubers, roots, and corms—foods similar to our modern potato and taro. They had invented the digging stick and were eating starch!




SCIENCE OF THE PHD
How We Know Paleolithic Hominids
Ate In-Ground Starches


Carbon comes in heavy (carbon-13) and light (carbon-12) forms, and grasses and sedges (“C4 plants”) incorporate relatively more carbon-13 than other plants. So the carbon-13 to carbon-12 ratio in a skeleton tells us what fraction of the creature’s food was obtained from grassland plants or animals that ate grassland plants.14


There is considerable variability, but in general grassland plants predominated in the diet of Paleolithic and earlier hominids. This created a puzzle, known as the “C4 conundrum.” Hominids such as Australopithecus africanus and Paranthropus robustus did not have the right kind of teeth for eating grasses and were not thought to be major hunters of grazing animals, yet their bones show that they got their carbon from grasses. The resolution of the puzzle: those apes were getting their dietary carbon from C4 plant underground storage organs—tubers and corms similar to the modern potato and taro.15





This emphasis on starchy roots, tubers, corms, and rhizomes continued throughout the Paleolithic. Food residues from Upper Paleolithic sites dated to 30,000 years ago show that the grinding of starchy roots and rhizomes into flours and foodstuffs was a common practice.16 Microfossils on Neanderthal teeth from around 44,000 years ago show evidence of the consumption of many roots and tubers, some of which show evidence of cooking.17 Neanderthal consumption of starchy plants goes back at least 250,000 years.18


Modern hunter-gatherers who live in environments that lack starchy plants all trade for starches produced elsewhere. The anthropologist Thomas Headland proposed that it would not be possible for humans to survive in forest environments without such trade; this was debated as the “wild yam question.”19






READER REPORTS: Weight Loss, Improved Energy


I am in the middle of the wardrobe crisis that I’ve been waiting to have for ten years: all my clothes are too big. I don’t mean a little loose; I mean I perpetually look like I’m headed out to an M.C. Hammer costume contest.


Over the past few months I’ve lost 25 pounds. That’s a good thing, since the drop on the scale was a side effect of lifestyle changes that have left me with more stamina and energy than I had when I was 20.


It’s not an exaggeration to say that the Perfect Health Diet changed my life.


—Jennifer Fulwiler








A final line of evidence—genetics—supports the idea that our Paleolithic ancestors ate starches. Chimps have two copies of the gene for salivary amylase, the enzyme that digests starches. Humans worldwide average seven copies of the gene; aboriginal peoples eating low-starch diets, such as the rain forest–dwelling BiAka and Mbuti pygmies of the Congo Basin, average 5.4 copies.20 A plausible interpretation is that our Paleolithic ancestors ate enough starch to reach 5 to 6 copies of the amylase gene and that subsequent evolution since the Neolithic invention of cereal grain agriculture has increased the amylase copy number a bit further.


Paleolithic Animal Foods


The Paleolithic began with the invention of stone tools about 2.6 million years ago. These tools were used to hunt animals, tear meat, and cut bones to reach the marrow. Bone marrow consumption is attested from 1.9 million years ago.21 The pursuit of marrow, which is nearly all fat, shows that animal fats were a sought-after part of the early Paleolithic diet.


By 1.75 million years ago, ancestral Homo had spread to northern latitudes, where plant foods are relatively scarce. It is likely these northern hominids were eating a meat-based diet.


By 40,000 years ago, we can tell that Neanderthals (hunting herbivores such as mammoths) and humans (hunting many species with an emphasis on fish) were top-level carnivores. Upper Paleolithic humans weren’t getting protein from plants—no beans for them!—and were higher-level carnivores than wolves and arctic foxes.22




SCIENCE OF THE PHD
Isotope Signatures of Protein Sources


Nitrogen is found in protein and comes in heavy (nitrogen-15) and light (nitrogen-14) forms. Whenever an animal eats protein, it tends to incorporate nitrogen-15 in tissues and exhale or excrete nitrogen-14, so the ratio of heavy to light nitrogen increases by 3 to 4 percent with every step up the food chain.


Unfortunately nitrogen-15 is unstable and is only preserved in bones and teeth from the last 50,000 years, so we have no idea how high on the food chain Australopithecus or Homo habilis were. But nitrogen isotope ratios show that both humans and Neanderthals were at the top of the food chain and getting nearly all their protein from animal food sources.





Another sign that Paleolithic humans were doing a lot of hunting is animal extinctions. The arrival of Paleolithic humans in Australia and the Americas was quickly followed by the extinction of large animal species. Earlier, in Eurasia and Africa, species such as mammoths and saber-toothed tigers were hunted to extinction.


Animal extinctions began at an early date. Between 1.9 million and 1.5 million years ago, Homo erectus appears to have caused the extinction of twenty-three of the twenty-nine known species of large African carnivores.23 The six species that survived were “hypercarnivores,” such as lions and leopards, which ate only meat; the twenty-three that went extinct were omnivores such as civets, which scavenged and ate a wide range of foods. It is thought that they went extinct because they were in direct competition for scavenged carcasses with hominids.24


Subsequent advances in human culture were often followed by new animal extinctions. The extinction of elephants from the Levant around 400,000 years ago was probably due to hunting by archaic humans.25


What Was the Proportion of Animal to Plant Food?


Anthropologists debate the relative proportions of plant and animal food in the diet of our Paleolithic ancestors. Unfortunately, for the earlier part of the Paleolithic there is no evidence that directly answers that question.


We do know that a great expansion of brain sizes occurred during the Paleolithic, and it was probably made possible by new calorie-rich food sources. There are two major theories:


1. Stone tools and cooperative hunting enabled our Paleolithic ancestors to obtain fatty animal foods.26


2. Control of fire enabled our Paleolithic ancestors to cook starchy plants, rendering them less toxic and more digestible. This greatly increased the calories obtainable from plant foods.27


The second theory has been popularized by Richard Wrangham in his book Catching Fire: How Cooking Made Us Human. However, most anthropologists favor the first. The use of stone tools coincided with the brain expansion; while the first known use of fire was 1 million years ago,28 routine use of fire may have begun only 300,000 to 400,000 years ago,29 and more sophisticated use of fire such as heat treatment of tools may have begun 164,000 years ago.30


So the foods driving the brain size expansion during the Paleolithic were probably fatty animal foods.


We do have solid evidence for the diets of modern hunter-gatherers, which probably closely resemble the diets of the Upper Paleolithic. They may be our most useful guide to what a “Paleo diet” for modern humans should look like.


Modern Hunter-Gatherer Diets


The first attempt by an anthropologist to quantify the diets of modern hunter-gatherers was the 1967 Ethnographic Atlas of G. P. Murdock, which was corrected in 1999 by J. P. Gray.31 This looked at 229 aboriginal groups still living in a way that resembled their traditional lifestyle.


The data were analyzed by Loren Cordain and colleagues.32 They found that hunter-gatherers obtained most of their energy from animal foods—meat, fish, and eggs:


• 46 hunter-gatherer groups obtained 85 percent or more of their energy from meat, fish, and eggs, but no groups obtained 85 percent of energy from plant sources. There were no vegetarian hunter-gatherers.


• 133 hunter-gatherer groups obtained 65 percent or more of their energy from meat, fish, and eggs; only 8 groups obtained 65 percent of energy from plants.


• The median group obtained 70 percent of their energy from animal foods, 30 percent from plant foods.


Plant foods contain both carbohydrates and fat. Tropical groups ate the most plant foods, and many of those plant foods, such as nuts, coconuts, and palm fruit, were rich in fat. So carbohydrate intake was well below 35 percent for the overwhelming majority of groups.


The data in the Ethnographic Atlas are dated, and some researchers consider them unreliable.33 Fortunately, detailed studies of the diets of authentic hunter-gatherers have been conducted very recently, and they confirm the results from the Ethnographic Atlas. On our blog, we looked at a study of nine hunter-gatherers—Onge of the Andaman Islands, Anbarra and Arnhem aborigines of northern Australia, Aché of eastern Paraguay, Nukak of south-eastern Colombia, Hiwi of Venezuela, !Kung Bushmen of the Kalahari desert of southern Africa, Gwi Bushmen of Botswana, and Hadza of north-central Tanzania—by anthropologists Hillard Kaplan, Kim Hill, Jane Lancaster, and Ana Magdalena Hurtado.34


Every group ate a substantial amount of meat. Animal foods provided 50 to 85 percent of calories. The !Kung ate the least meat but still averaged 0.57 pounds per day of meat.


Roots and other in-ground plants were the most important plant food. Seeds and nuts were a small contributor for every group but the !Kung, who ate mongongo nuts, a fatty food. “Fruits” were more often fatty nuts than the sugary fruits we are familiar with; for instance, the Nukak ate the palm oil–rich fruit of the palm tree, and the Hadza ate a number of fatty fruits. Only the Gwi consumed a significant amount of sweet fruits, chiefly melons.


In eight of the nine cultures, roots were a much more important source of calories than fruits. Among the Gwi, fruits and roots provided an equal share of calories.


Measured by calories, the diets were generally low in carbohydrates and high in fat. Seven of nine cultures—the Onge, Anbarra, Arnhem, Aché, Nukak, Hiwi, and !Kung—ate 10 to 20 percent carbs. For the Gwi San a majority of calories were carbs, and for the Hadza about 40 percent of calories were carbs. For most groups, fat intake ranged from 40 to 70 percent of calories.



Plant and Animal Food Balance



Although carbohydrates are a small part of calories for many hunter-gatherers, this does not mean they are unimportant. In fact, carbohydrates are a prized part of the diet among modern hunter-gatherers.


Indeed, the Mbuti pygmies of the Congo have two words for hunger: “protein hunger” (ekbelu) and “calorie hunger” (njala). In remote hunting camps on the Ituri plateau of the northeastern Congo, Mbuti generate very high hunting returns and dry large quantities of surplus meat for trade but have no access to starchy plants; in their camps they often complain of njala. Similarly, when the Maku hunters of the Amazon Basin run out of cassava in the forest, no matter how much meat they have, they “have no food.”35






READER REPORTS:
“Drying Out” from Too Few Carbohydrates


I reached my weight loss goals by eliminating grains and limiting dairy to butter and cream and reducing fruit intake. That said, over the last month or so, I was wondering why my body seemed to be drying out from the inside out. I wanted to tweak my diet to optimum health and found your book. The information about the importance of mucin was helpful. What was missing in my diet were the carbs that you recommend. Sweet potatoes, white rice etc. Maybe less protein than I’ve been eating and more saturated fat. . . .


I’m having better results every day. I am fascinated that I have a laboratory of my own body to put your ideas to a test and have them show positive results. Thank you both so much.


—Doris Hames, Atlanta, Georgia








The natural inference is that a healthful diet needs a certain amount of plant foods to balance its animal foods. As we’ll see, starchy in-ground plants are so calorie poor that even obtaining a mere 15 percent of calories from carbs means consuming more plant foods than animal foods by weight. The Paleolithic diet may have been low-carb, but it wasn’t low-plant.


Takeaway: The Diet of the Paleolithic


The Paleolithic diet was a fat-predominant, low-carbohydrate diet. Calories came mainly from fat-bearing animal foods, but plant foods were an essential part of the diet and comprised most of the weight. Typically:


• Carbohydrates made up 15 to 20 percent of calories, with excursions toward 50 percent depending on food availability. Most calories came from fatty animal foods.


• Plant foods consisted predominantly of starchy in-ground carbohydrate sources such as roots, rhizomes, tubers, and corms plus above-ground fat sources such as coconuts, palm fruit, and mongongo nuts. Sweet fruits were rarely a major part of the diet.


It was on a majority-fat, low-carb diet mainly composed of animal foods and in-ground plants that our ancestors evolved from a regional population of small-brained African apes numbering (probably) in the tens of thousands to a highly intelligent species at the top of the food chain and a global population in the millions.


As our Paleolithic ancestors who dominated the globe were characterized by tall stature and healthy teeth and bones and their health deteriorated as soon as their diet was altered, we think it’s safe to say that such a low-carb, high-plant, starch-meat-and-fat-based diet is a healthful human diet.
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The “Cannibal Diet” of Fasting




Instead of “You are what you eat,”
you need to “Eat what you are.”





In Paleolithic times and often since, food was not always readily available. It would have been common to experience extended periods when food was scarce.


Hungry or not, it would have been necessary to hunt and forage—even, on occasion, to fight. Evolution would have selected human (and animal) biology to ensure that these tasks could be performed well even after days without food.


Indeed, we know that hunter-gatherers often went without food and functioned quite well. The Jesuit missionary Paul LeJeune, in his 1636 Relation of life among the Montagnais hunter-gatherers of Canada, described their attitude to involuntary fasts:


I saw them, in their hardships and their labors, suffer with cheerfulness. . . . I found myself, with them, threatened with great suffering; they said to me, “We shall be sometimes two days, sometimes three, without eating, for lack of food; take courage, Chihiné, let thy soul be strong to endure suffering and hardship; keep thyself from being sad, otherwise though wilt be sick; see how we do not cease to laugh, although we have little to eat.”1



Humans Must Have Been Well Adapted to Fasting



We know from accounts like LeJeune’s that extended involuntary fasts were common among hunter-gatherer peoples.


Fasts would have been times of heightened mortality. During famines, the mortality rate from infectious disease is dramatically increased.2 Also, hunter-gatherers are likely to pursue riskier food, increasing the death rate from accidents. These were common causes of death among hunter-gatherers. Among the modern Kitavans, infections—primarily malaria—and accidents—primarily drowning and falling from coconut trees while pursuing seafood and coconuts—are the leading causes of death.3


It’s plausible to think that death rates from violence, too, would have been higher at times of food scarcity. Violent deaths were common among hunter-gatherers. Lawrence Keeley reported that at the first site he excavated, “about 5 percent of all human skeletons contain embedded arrowheads”4 and estimated that in the late Paleolithic, violence accounted for 20 to 30 percent of deaths. At the late Paleolithic cemetery at Gebel Sahaba in Egyptian Nubia, dating to about 12,000 to 14,000 years ago, over 40 percent of those buried had stone projectile points associated with their skeletons. Several adults had multiple wounds (as many as twenty), and many showed healed parry fractures of their forearm bones—a common trauma on victims of violence and proof that violence was not a once-in-a-lifetime event.5 The risk of violence is illustrated by the death of Ötzi, the copper-age Tyrolean iceman. Ötzi was killed by an arrow; he was carrying a copper war ax, a flint knife, a bow, and fourteen flint-tipped arrows; and he had the blood of four other persons on his arrowheads, knife, and clothing.6


It appears that Paleolithic people were often threatened with death at times of fasting and that the ability to hunt, gather, fight, and survive infection during a long fast would have been strongly favored by evolutionary selection.


Nourishment During a Fast


During a fast, we cannibalize ourselves. Tissues throughout the body are broken down and their raw materials are released for other tissues to use.


The “diet” of self-cannibalization during a fast need not have been perfectly healthy, but it must have enabled near-maximal performance and been reasonably healthy.


We could reproduce this “cannibal diet” by eating food identical in composition to the human tissues that are broken down during a fast. This diet, too, should be reasonably healthful, but also sustainable, as it wouldn’t require any tissue loss.


So what nutrients do we obtain during the “cannibal diet” of a fast?


The Composition of the Human Body


A relatively lean 154-pound “reference man” is composed of 42 kilograms of water, 13.5 kilograms of fat, 10.6 kilograms of protein, 3.7 kilograms of minerals, and about 0.5 kilogram of glycogen (a storage form of glucose) in muscle and liver.7


If we just convert this to calories, allowing 9 calories per gram for fat and 4 calories per gram for protein or glycogen, we get the following macronutrient distribution:






	Body Component


	Mass (kg)


	Energy (kcal)


	Energy Fraction







	Fat


	13.5


	121,500


	73.2%







	Protein


	10.6


	42,400


	25.6%







	Glycogen


	0.5


	2,000


	1.2%








However, this would be misleading. Fat and protein are complex molecules that are not burned for energy directly. Both fat and protein actually contain some carbohydrate.


The elemental forms of fat, protein, and carbohydrate that feed into energy metabolism—fatty acids, amino acids, and glucose—are not allowed to roam freely in the body because they are chemically reactive and would be toxic. Instead, they are found in more complex molecules.



The Composition of Fats and Proteins



Fat is present in the body as triglycerides and phospholipids. When these molecules are broken down for energy, 85 to 90 percent of the calories is in the form of fatty acids, 10 to 15 percent in the form of glucose assembled from their glycerol backbones. Protein also consists of complex molecules. Many of the proteins in the human body are “glycosylated,” meaning they are composed of sugars bonded to amino acids. In some there is more sugar than amino acids. For example, mucin-2, the main protein of digestive tract mucus, is 80 percent sugar and 20 percent amino acids by weight.


If we break down fats and proteins into their constituent fatty acids, amino acids, and sugars, the energy profile of a lean human body would look something like this:






	Body Component


	Energy (kcal)


	Energy Fraction







	Fatty acids


	106,900


	64.4%







	Amino acids


	37,300


	22.5%







	Carbohydrate


	21,700


	13.1%








This looks very close to the macronutrient mix eaten by Paleolithic hunter-gatherers!


We cannot get quite as much carbohydrate from eating animal foods as we can from self-cannibalization during fasting, because carbohydrates and proteins degrade soon after the animal dies, releasing glucose, which cells consume through anaerobic metabolism. This process removes carbohydrates from meat. Nevertheless, proteins and fats in animal foods are hidden sources of dietary carbohydrate.


Eat What You Are, and Make Fasting Easy


Fasting means hunger and misery to most people. Never mind a three-day fast: Just a four-hour fast between meals makes some people hungry and cranky!


Those who adopt a Paleo diet are often surprised and pleased to find that fasting has suddenly become easy and comfortable—not exactly pleasurable, but far from intolerable.


The reason this happens is that our body adapts to our diet. Different cellular machinery, enzymes, and vitamins are involved in metabolizing glucose, fatty acids, and amino acids.


If our diet provides glucose, fatty acids, and amino acids in the same proportions that are released during the “cannibal diet” of fasting, we’ll be well prepared for a fast. Fasting will be easy.






READER REPORTS:
PHD and Fasting for Body Recomposition


After “standard” PHD (maybe too low carb PHD) for about six months I’ve been doing intermittent fasting for the past 3–4, and have had better success than before. (Success = weight loss without significant muscle loss.)


In my case I lift once a week, and on that day I drive carbs above 200g. I do 60–90g carbs on off days. Protein is consistent at 130–150g per day. All days are 16/8 IF.


By watching calories (1600 off day, 2000 workout), I’m now down 24 pounds after nine months. I’ve taken a couple of multi-week “diet breaks” in which I ate ~2000 calories per day making up the daily 400 calorie difference entirely in fat. It felt like a lot of food, but I didn’t gain an ounce, and as soon as I resumed my 1600/2000 split I started losing immediately. During this time, I’ve maintained or increased my strength (as measured by weight and/or time-under-load).


So I am a fan. I’ve been lighter before, but never had this little fat mass.


—John Davi, Palo Alto, California








But if we eat a very different diet, fasting can become hard. A high-carb diet will give us lots of machinery for metabolizing carbs but a dearth of machinery for metabolizing fatty acids. When fasting starts and self-cannibalization begins providing 65 percent of energy in the form of fatty acids and only 13 percent as glucose, cells won’t be prepared to handle that mix. Instead, they’ll be hungry for the much larger amounts of glucose they’re used to getting.


The natural way of eating is to obtain macronutrients in similar proportions to the composition of our own tissues. The natural way to eat is to “eat what you are.” This will prepare the body for fasts and make hunger rare.


Takeaway


Obesity, like other diseases, has multiple causes. But whatever other factors may contribute to a weight problem, eating macronutrients in the proportions found in useful tissue will make weight loss easier.


Cells in lean tissue prefer to take in nutrients they can use as structural molecules; and they can only accept structural molecules in very specific proportions.


Eating food in the proportions of lean tissue allows all cells, not just adipose cells, to take up an energy excess. Potentially, excess calories may end up as useful tissue such as new muscle, rather than extra fat around the waist. Since muscle is the primary energy disposal tissue, while adipose tissue is where energy is stored, directing excess energy to muscle is more likely to lead either to muscle synthesis, or successful elimination of the excess calories.


But if you eat in the wrong proportions, lean tissue will reject some of the excess energy and it will have to be stored as fat in adipose tissue. If pathologies subsequently inhibit the transfer of fat from adipose tissue to muscle for disposal, the fat will accumulate.


Do your body a favor: Eat what you are. Make it easy for your body to build useful tissue, and you’ll make it easy for useless fat tissue to melt away.
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What Breast Milk Teaches Us About Human Diets




Don’t be afraid of fat.





What is the perfect diet for a baby? We know the answer: mother’s milk. Ideally, breast milk should be the sole food a baby consumes for its first four to six months of life and a continuing part of its diet for some time thereafter.


How Perfect a Food Is Breast Milk?


The first six months of life are a perilous time for infants. Even today, with all of our progress in decreasing the infant mortality rate, among newborns it is higher than at any other age below 58 years.1


In prehistoric times, infants were in mortal danger. The infant mortality rate is 10 to 30 percent among modern hunter-gatherers,2 and in the Paleolithic it may have been even higher.3 Given the high death rates among infants, any genetic change that improved infant survival would have been strongly selected by evolutionary pressure. Since the composition of breast milk is largely programmed by maternal genes, mortality was certainly subject to such selection. We can be confident that evolution would have optimized the composition of mother’s milk to make it a complete and perfect diet for infants.


Clinical Evidence That Breast Milk Is Best


Breast-fed infants experience many health benefits compared to formula-fed babies. The mortality rate from infectious disease is far lower in breast-fed babies. A study from Brazil found that non-breast-fed babies were 14.2 times more likely to die of diarrhea and 3.6 times more likely to die of respiratory infections than exclusively breast-fed babies. Partially breast-fed babies were 4.2 times more likely to die of diarrhea and 1.6 times more likely to die of respiratory infections than exclusively breast-fed babies.4


Some benefits of breast-feeding are long-lasting. In the Promotion of Breastfeeding Intervention Trial (PROBIT), children whose mothers had participated in a World Health Organization program that encouraged them to breast-feed had a substantially higher IQ at age six—5.9 IQ points higher—and better academic ratings from teachers than children whose mothers had not participated.5 Another study found that breast-fed infants had IQs that were 8.3 points higher at age 8 than formula-fed infants.6


The Composition of Human Milk


Along with water, the main constituents of milk are:7


• The sugar lactose (which is composed of the simple sugars glucose and galactose). Human milk typically has 70 grams of lactose per liter.


• Fats, typically 40 grams per liter.


• Human milk oligosaccharides—special sugars that, like fiber, are indigestible by humans but feed gut bacteria. Human milk typically has 15 grams of oligosaccharides per liter.


• Protein, typically 8 grams per liter.


Let’s look at what these constituents tell us about the optimal diet for infants and adults.



Macronutrients



By calories, and excluding the contribution from milk oligosaccharides, human milk has a macronutrient profile of 54 percent fat, 39 percent carbs, and 7 percent protein.8


Note the order:


• Fat provides the majority of milk’s calories.


• Carbohydrate is the second largest calorie source.


• Protein provides the fewest calories.


This order holds in the milk of every mammalian species, not just humans. For instance, milk from cows is 52 percent fat, 29 percent carbohydrate, and 19 percent protein.


This is similar to the pattern of Paleolithic diets, which were also majority fat, minority carbs and protein.


Fatty Acid Profile


Fats come in several kinds of fatty acids. The table below shows the fatty acid profile of human breast milk at day sixteen after delivery.9 We have organized the fatty acids into five groups:


• Short-chain and medium-chain saturated fatty acids (SaFA), which have no functional role in the body and are directed to the liver, where they are transformed into ketones that nourish the brain;


• Long-chain SaFA and monounsaturated fatty acids (MUFA), which are the primary fatty acids in cell membranes throughout the body;


• Omega-6 and omega-3 polyunsaturated fatty acids (PUFA), which play special roles in the body by adding fluidity to cell membranes and serving as signaling molecules and sensors of oxidative stress.


Seventy-two percent of breast milk fats are long-chain SaFA and MUFA. These fatty acids are the mainstays of cell membranes, the most abundant fatty acids in the body.






	Fatty Acid Type


	Share of Breast Milk Fat


	Share of Energy







	Short- and medium-chain SaFA


	10.4%


	5.6%







	Long-chain SaFA


	34.2%


	18.5%







	MUFA


	37.6%


	20.3%







	Omega-6 PUFA


	14.6%


	7.9%







	Omega-3 PUFA


	3.1%


	1.7%








Breast milk has relatively high levels of polyunsaturated fatty acids. These high levels support infant brain growth; infant brains are fast-growing, and the brain has very high levels of PUFA. Brain fatty acids are 15.4 percent omega-6 and 11.7 percent omega-3—overall, 27.1 percent PUFA.10 The rest of the body has a much lower usage of PUFA.


This tells us that the optimal PUFA intake for adults, whose brains are no longer growing, is going to be less than the 9.6 percent of energy devoted to PUFA in breast milk.


A (perhaps) surprising aspect of breast milk is its high content of short-chain and medium-chain fatty acids, which have no structural role in the human body. (Indeed, shorter-chain fatty acids are dangerous to bacteria, which incorporate them into cell membranes; membranes with shorter-chain fatty acids become leaky, potentially leading to cell death. This is why short- and medium-chain fatty acids can be used as antibiotics.) The short-and medium-chain fatty acids in breast milk are transformed in the liver into neuroprotective ketones that support growth of the infant brain.




SCIENCE OF THE PHD
Ketones for the Brain


Short- and medium-chain fatty acids are shunted to the liver, where they are converted to ketones—small water-soluble molecules that are building blocks for fats and can be metabolized for energy like fats. The ketones then diffuse through the body and are mainly taken up by the brain, where they are used for energy and as building blocks for the synthesis of cholesterol and saturated fat.


It turns out that ketones are essential to infant survival. Mice deprived of the ability to utilize ketones die within 48 hours after birth. Extra glucose can’t save them.11 In humans, major lipid components of the brain, such as cholesterol, are nearly all manufactured from ketones, and a mild elevation of ketones seems to be essential to infant brain function.12





The importance of ketones for the infant brain is relevant because, as we’ll see later, ketogenic diets—diets that generate lots of ketones—are therapeutic for many brain and neurological disorders. Eating in a way that is mildly or occasionally ketogenic may help prevent diseases such as Alzheimer’s dementia or Parkinson’s.


Fiber


Human milk contains about 200 different “human milk oligosaccharides”—special sugars that play a role similar to fiber in the adult diet. Milk oligosaccharides are indigestible by humans but feed beneficial gut bacteria while inhibiting pathogens from binding to the gut wall.13


Human milk contains up to 23 grams per liter of these oligosaccharides, providing babies with 10 to 17 grams per day.14 Human milk has more of this “fiber” than it does protein!


After feeding on these sugars, gut bacteria release short-chain fatty acids, such as butyrate, which provide about 3 percent of a baby’s total energy. These short-chain fats add to the ketogenic nature of the infant diet.


Probiotics


Breast milk contains lactic acid bacteria. These bacteria are thought to travel from the mother’s intestine to her mammary glands inside white blood cells. They populate the infant digestive tract and can inhibit pathogenic bacteria from taking root there.15


Cholesterol


Human breast milk is rich in cholesterol. It always contains at least 100 milligrams per liter of cholesterol, and cholesterol levels reach 220 milligrams per liter in the afternoon and evening.16


A breast-fed baby’s cholesterol intake is 100 to 200 milligrams per day. Scaled by body weight, this is ten times higher than the typical cholesterol intake of American adults.




SCIENCE OF THE PHD
How Cholesterol Phobia Spoiled Infant Formula


One would think the designers of infant formula would try to make an exact copy of human breast milk. Alas, they don’t.


Infant formula is cholesterol-deficient. Formula typically has only 10 to 30 milligrams per liter of cholesterol, one-tenth the amount in human breast milk.17


This deficiency has consequences. Breast-fed babies reach normal serum cholesterol levels by age six months, while formula-fed babies are severely cholesterol-deficient at age six months.18


Cholesterol is important for neurological function and immunity, so this could be a reason why formula-fed babies have lower IQs and higher rates of infectious disease mortality.19


Cholesterol has been demonized for decades, based on a now-discredited hypothesis that dietary cholesterol might contribute to heart disease. It would have been best to ignore the experts and let evolutionary selection be our guide to what is healthful.





Differences Between Infants and Adults


Before we try to interpret what the composition of breast milk is telling us about diet, let’s think about how infants differ in their nutritional needs from adults.


The major difference between infants and adults is that babies have big brains.


At birth, a baby’s body is only about 5 percent of adult size, yet the infant’s brain already weighs fully 28 percent of its adult weight. By age 1, the infant brain weighs 75 percent of its adult size and by age 6, 90 percent.20 So the infant brain is not only very large compared to its body, it also grows faster than the rest of the body throughout the first year of life.


The infant brain uses a lot of energy. At birth, the infant brain accounts for 11 percent of body weight but fully 74 percent of calorie consumption. By comparison, the adult brain accounts for just 2 percent of body weight and 23 percent of calorie consumption.21


Yet the brain has very different energy needs from the rest of the body. The brain does not utilize many fats for energy, because fats are transported into the brain too slowly to be routinely burned.




SCIENCE OF THE PHD
Why the Brain Doesn’t Use Fats for Energy


The “blood-brain barrier” is a name for the special behavior of blood vessels feeding the brain. Normally blood vessels facilitate the passage of nutrients, including fats, into tissues behind them. But in the brain, blood vessels are more cautious.


One reason is that the body wants to prevent brain infections. Most pathogens have a fatty cell membrane. Even viruses, which aren’t cells, are often “enveloped” in a fatty container. Pathogens often spread from cell to cell using pathways taken by fatty particles. By limiting uptake through these pathways, the blood-brain barrier makes it hard for pathogens to enter the brain. (This is why brain infections are often preceded by an injury that breaches the blood-brain barrier.)


But keeping pathogens out has a cost: the brain can’t take up fats very rapidly. Since fats come into the brain slowly, it would be risky to lose them. So they aren’t routinely burned for energy. Instead, the brain relies on glucose and ketones for energy.22





If the brain uses much more energy in infants than in adults, and if the brain is reliant on glucose and ketones, that tells us that glucose and ketone needs are going to be much higher in infants than in adults. Infants need:


• More carbohydrate in their diet than adults do


• More short-chain and medium-chain fatty acids—the precursors of ketones—than adults do


If we are right in thinking that Paleolithic diets and the “cannibal diet” of fasting are good patterns for the optimal adult diet, there’s nothing surprising about the composition of breast milk. Here’s a comparison:






	Macronutrient


	Paleolithic/Cannibal Diet


	Breast Milk







	Carbohydrates


	13–20%


	39%







	Short-chain and medium-chain fats


	~3%


	8.7%







	Other fats


	~60%


	46%







	Protein


	15–25%


	7%








Breast milk does indeed have more carbs and short-chain and medium-chain fats, and fewer long-chain fats and protein. The oligosaccharide content of milk, which after fermentation by gut bacteria provides another 3 percent of energy as short-chain fatty acids, confirms the importance of ketogenic fats in the infant diet.






READER REPORTS: Improved Energy and Health


    I have had amazing success on your diet after struggling for years to balance my motherly demands and lose weight. I have been breastfeeding and/or pregnant for almost 6 years, and I found that when following low-fat or low-carb diets while breastfeeding, milk supply will diminish. For years I tried cutting calories, cutting carbs, cutting fat, etc, always with the same result = no milk and a mad baby. I started PHD in December and have lost 15 pounds so far (about 10-15 more to go), I feel great, and I have TONS of milk. And the milk has changed! I can tell because the babies (ages 2 and 10 mos) don’t seem to need to nurse as often, and their bowel movements are much healthier looking.


—Meg









Takeaway: What Breast Milk Tells Us About the Optimal Diet



Breast milk tells us everything about the optimal infant diet, much about the optimal diet of children, and is supporting evidence for our view of the adult diet.


Regarding carbohydrates, it tells us that carbs should account for 39 percent of calories in infants and then a gradually decreasing fraction of energy as children grow into adults. It doesn’t tell us the optimal carb fraction for adults—we’ll need more evidence—but we can be pretty sure that the “cannibal diet” of fasting is too low in carbs, and the Paleolithic diet might have been too low in carbs. So optimal adult carb intake is probably above 20 percent but probably not more than 35 percent of total energy intake.


Breast milk probably gives us an upper limit to the optimal adult PUFA intake. Infants obtain about 9.6 percent of their energy as PUFA, but they have a great need for PUFA to support the rapid growth of the infant brain. Adults, who have a stable brain size, need substantially less dietary PUFA.


Breast milk confirms that saturated and monounsaturated fats should be the largest source of calories at all ages. There’s no good reason to be afraid of fats!
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What Mammalian Diets Teach Us About Human Diets




You can be healthy eating like a herbivore—but not as a vegetarian!





Shou-Ching’s Buddhist friends used to try to persuade her to become a vegetarian by saying “Look how strong cattle and horses are. Why not eat vegetarian and be as strong as they are?”


Of course, lions, tigers, and wolves are strong on carnivorous diets, so the argument wasn’t very convincing.


Yet it raises an interesting question. Why are animal diets so varied? Can animal diets tell us anything about the optimal human diet? If not, why do scientists spend so much time studying mice and rats? Are scientists idiots? (Please don’t answer that.)


If we told you that all mammals eat nearly the same diet, you might think we were crazy. The grassy diet of a lamb is nothing like the meaty diet of a lion.


But what if these dietary differences are illusory? Consider that:


• Cow’s milk, indeed the milk of all mammals, has a similar macronutrient composition to human milk—with most calories as fat.


• All mammals have a similar body composition—their cells are composed of fatty membranes and proteins in roughly the same proportions—and “cannibalize” themselves during starvation. So their fasting “diet” must have a similar ratio of fat, protein, and carbohydrate.




[image: images]


Lions and lambs don’t eat the same diet . . . or do they?





These considerations tell us that all mammals have similar macronutrient needs. Why, then, do the foods they eat differ so greatly?


The Transformation of Food into Nutrients


To resolve this paradox, think about the process of digestion. Food is what is eaten; nutrients are what reach the body after digestion. The digestive tract converts food into nutrients:


[image: images]


Conversion of food into nutrients isn’t a simple process. The digestive tract doesn’t merely break food down into its constituent nutrients; it also transforms some nutrients into other nutrients.


In most mammals, the most important digestive transformation is the fermentation of fiber and carbohydrates into fats—specifically, short-chain fatty acids such as propanoic and butyric acids—by gut bacteria. These short-chain fatty acids can be lengthened into saturated fatty acids that can be incorporated into tissue, or reduced to ketones that can be burned for energy.


Every mammal that eats a vegetarian or plant-dominant diet has sections of its digestive tract devoted to bacterial fermentation. There are two broad groups, foregut and hindgut fermenters. The ruminants—cattle, sheep, and goats—are foregut fermenters, and their digestive tracts begin with organs called rumens devoted to fermentation. In other species, such as gorillas, fermentation occurs in the latter part of the digestive tract, in the colon.


Let’s look at various mammals to see what their diets look like after digestion.


Gorillas


The macronutrient composition of the diet of wild western lowland gorillas1 is shown in the table below.


The Western Lowland Gorilla Diet






	Macronutrient


	Weight Fraction (g/100g)


	Calories/g


	Calories/100g of Food


	Percent of Energy







	Fats


	0.5


	9


	4.5


	2.3%







	Carbohydrate (ex fiber)


	7.7


	4


	30.8


	15.9%







	Protein


	11.8


	4


	47.2


	24.4%







	Fiber


	74


	1.5


	111


	57.4%








It looks like a low-fat diet, doesn’t it? Only 2.3 percent of calories are in the form of fat.


But that is before food is transformed by the digestive tract.


Note the really large component of the gorilla diet: fiber. Fiber is fermented by gut bacteria. The bacteria get 4 calories per gram from fiber, but they give back 1.5 calories per gram in the form of short-chain fats to the gorilla. Even with such a low caloric density, the mass of fiber in the wild gorilla diet is so large—74 percent of the mass of food eaten—that those short-chain fats contribute fully 57 percent of the gorilla’s energy.


The Western Lowland Gorilla Diet After Transformation






	Macronutrient


	Percent of Energy







	Polyunsaturated fat


	<2%







	Saturated and monounsaturated fat


	58%







	Carbs (ex fiber)


	 15.9%







	Protein


	 24.4%








The fiber has been converted into short-chain saturated fatty acids, which can then be lengthened into saturated fats and desaturated into monounsaturated fats. So after transformation, SaFA and MUFA are 58 percent of calories.


Polyunsaturated fats cannot be made from short-chain fatty acids, so they have to come from the original fat content of the diet, which was only 2.3 percent. We haven’t seen a fatty acid profile of gorilla foods, but PUFA content is surely less than 2 percent of the diet.


As in Paleolithic human diets, the “cannibal diet” of fasting, and breast milk for infants, a majority of calories are obtained as saturated and monounsaturated fats and a minority as carbs and protein.


Cattle, Sheep, and Goats


Ruminants have evolved special organs for bacterial digestion of plant foods. In these organs, bacteria scavenge every carb calorie, leaving none for the animal. As a by-product of carb digestion, the bacteria release volatile short-chain fatty acids. These fats are transported to the liver, which uses them for energy and for fabrication of sugars, ketones, and fats for the rest of the body.


Dr. Richard A. Bowen summarizes how cattle, sheep, and goats get their energy:


Volatile fatty acids (VFA) are produced in large amounts through ruminal fermentation and are of paramount importance in that they provide greater than 70% of the ruminant’s energy supply. . . .


Within the liver, proprionate serves as a major substrate for gluconeogenesis, which is absolutely critical to the ruminant because almost no glucose reaches the small intestine for absorption.2


After processing by the gut, ruminant macronutrient ratios are something like:


• 0 percent carbs


• 18 percent protein


• 70 percent proprionate, butyrate, and other short-chain fatty acids


• 12 percent long-chain fats


The liver then converts short-chain fatty acids to ketones, glucose, and saturated and monounsaturated fats to meet energy needs.


Once again, this is a fat-rich diet that is low in polyunsaturated fat.


Wolves, Dogs, and Cats


Most wild carnivores obtain nearly all their energy from animal flesh. Wolves, for instance, obtain about 5 percent of calories as fallen fruit, but 90 percent of calories or more come from animal flesh.


You might think this makes for a protein-rich diet, but carnivores favor the fattier parts of their prey. Barry Groves notes, “This is particularly noticeable with hyenas whose jaws and teeth are designed to break the long bones and skulls to get at the bone marrow and brain within, which are very high in fat.”3 Since carnivores seek out fatty parts of their prey and often abandon lean muscle meat for scavengers, it’s fair to conclude that the animal portion of their diet is at least as fatty as the fat-protein ratio of the “cannibal diet” during human fasting: 74 percent fat, 26 percent protein.


If the fats in their prey are 15 percent polyunsaturated,4 carnivore macronutrient ratios typically are:


• 5 percent carbohydrates


• 23 percent protein


• 61 percent saturated and monounsaturated fats


• 11 percent polyunsaturated fats


Cats typically eat no carbohydrates at all. In carnivores generally, the liver manufactures glucose from protein to meet the needs of neural and immune cells.


Mice


Rodents are omnivores that, in the wild, eat a lot of seeds. Seeds, like nuts, often contain substantial amounts of fat.


In the laboratory, mice are usually fed a chow that consists mainly of cereal grains, which are very high in starch. So the standard laboratory mouse diets are high-carb diets.


But what do mice really want to eat? When scientists let mice choose their own food from an unlimited supply of carbs, fats, and protein, most strains choose to get a majority of their calories from fat. In a study of thirteen strains of mice, nine chose to get a majority of calories from fat. Only two chose to consume more carb than fat calories.5


When scientists allowed a wild-type mouse strain that develops obesity and diabetes on a 40 percent carbs, 40 percent fat chow to choose its own diet, it chose a diet of 5.6 percent carbs, 82.5 percent fat, and 12.0 percent protein and “proved highly resistant to the development of obesity and diabetes.” In the same study, transgenic mice genetically engineered to be even more prone to obesity and diabetes self-selected to a diet of 2.2 percent carbs and 85.1 percent fat and “developed obesity [that was] . . . less pronounced than on a high-fat and high-carbohydrate Western diet . . . [and] did not become hyperglycemic; they showed decreased fed and fasted blood glucose levels.”6


We probably can’t infer much from genetically mutated mice that avoided obesity by choosing 85 percent fat diets. But it is telling that most strains of wild-type mice chose to get a majority of calories from fat, a minority from carbs and protein—the same pattern we’ve seen repeatedly in other mammals, in humans, and in breast milk of all mammalian species.


Summary: Optimal Mammalian Macronutrient Ratios


Wild mammals, no matter what foods enter their mouths, provide their bodies with very similar macronutrients:


• 0 to 16 percent carbohydrates


• 15 to 25 percent protein


• 56 to 77 percent saturated and monounsaturated fats


• 1 to 11 percent polyunsaturated fats


An equivalent diet for humans would have more carbs (to feed our larger brains) and less protein and fat. We might infer, then, that the optimal human diet is something like 20 percent carbs, 15 percent protein, 60 percent saturated and monounsaturated fat, and 5 percent polyunsaturated fat.


Why Humans Need to Consume the Optimal Mammalian Macronutrient Ratios


The digestive tract and liver transform food into the nutrients we need. The gut transforms fiber into short-chain fatty acids; the liver transforms nutrients into other nutrients.


What would happen to a creature that lost its ability to transform nutrients?


Exactly this has happened in humans: compared to apes and other mammals, we’ve lost our guts.


Here is a comparison of brain, liver, and gut sizes in humans and other primates:7






	Organ


	Percent of Body Weight, Humans


	Percent of Body Weight, Other Primates (Scaled for Body Size)







	Brain


	2.0%


	0.7%







	Liver


	2.2%


	2.5%







	Gut


	1.7%


	2.9%








Compared to other primates, humans have a 12 percent smaller liver and a 40 percent smaller gut. This means we have less ability to transform food with an improper nutrient mix into the nutrients we need to maintain health.


It gets even worse for us when it comes to transforming fiber into fat. In primates, this is done in the colon—the large intestine. The small intestine is where digestible nutrients—glucose, amino acids, and fatty acids—are absorbed. Here is the fraction of the gut devoted to small and large intestines in humans and apes:8






	Species


	Large Intestine


	Small Intestine


	Stomach







	Gorilla


	60%


	14%


	25%







	Chimpanzee


	57%


	23%


	20%







	Human


	17%


	67%


	17%








Humans with our small colons can obtain at most 7 percent of energy from fiber9—much less than the 60 percent of energy chimps and gorillas obtain from fiber. The highest fiber intake ever observed in any human culture is 86 grams (about 130 calories) per day—about 6 percent of energy.10


The Paleolithic diet, it seems, was so close to our optimal nutrient needs that we ceased to need much of our digestive tract. Evolution got rid of 80 percent of our colon volume and shrank our livers.


The implication is that like other mammals, we humans are best nourished when our digestive tracts deliver to our body a nutrient mix that is majority fat, minority carb and protein. Unlike other mammals, humans lack the ability to transform foods with the wrong nutrient mix into the right one. In particular, we lack the ability to ferment large amounts of vegetable matter into fat.


More than other animals, we humans need to eat our natural diet—one that is majority fat, minority carbs and protein.




SCIENCE OF THE PHD
Human Dietary Variability


Is the same diet optimal for different people?


All mammals need the same nutrients, but the digestive tract determines which foods will generate those nutrients.


If the optimal diet is determined by digestive tract differences, we should expect the same pattern to recur in humans. All humans have the same nutrient needs, but our optimal food intake may vary if our digestive tracts differ.


In fact, there is evidence for variations in digestive tract structure among human populations. Compared to Europeans, Africans have slightly larger colons, suggesting a slightly more plant-focused evolutionary diet and a greater ability to ferment fiber into short-chain fats. Europeans have slightly smaller colons, suggesting a more animal-focused evolutionary diet.11


We’ve previously mentioned the variation in the number of copies people have of the gene for salivary amylase, which facilitates digestion of starches. People globally average seven copies, but some people have as many as fifteen copies and some as few as two.12 Higher amylase copy numbers improve the quality of starch digestion and blood glucose regulation.


Variability Due to Disease and Gut Microbiome


Everyone has a personal set of gut microbes. Gut microbes assist in the digestion of food and alter immune function, so differences in gut flora could lead to differences in the optimal foods.


Diseases and infections can also disrupt digestion, and this may alter the optimal diet. We’ve long held the principle that “All healthy persons are alike; each unhealthy person is unhealthy in his own way.”13


In a way, the variability of diet with disease is good news: changes in the optimal diet can help us diagnose disease.


Conclusion


There is some dietary variability across persons, due to variations in digestive tract structure, genes for starch digestion, gut flora, and diseases. However, these variations are probably small. Fiber contributes only a few percent of energy to the human diet, so it doesn’t matter much if one person’s colon is 20 percent longer than another’s. Similarly, nearly everyone has enough amylase copies to adequately digest starches.


So for the most part, the diet that is perfect for human health probably does not vary much across persons. There is certainly no reason to suppose that it varies with blood type or other nondigestive aspects of our biology!





The Three Mammalian Dietary Strategies


Although mammals thrive on similar macronutrient ratios, we can tease out a few differences among omnivore, herbivore, and carnivore diets.


Each diet has a different strategy for meeting the body’s glucose needs:


• Omnivores eat enough carbohydrates to meet the body’s glucose needs directly.


• Herbivores obtain little glucose from their diet but up to 70 percent of their energy needs from short-chain carbon atoms produced by bacterial fermentation. Short-chain fatty acids with even numbers of carbon atoms may be transformed in the liver into ketones, which nourish neurons, reducing the body’s glucose needs; fatty acids with odd numbers of carbons may be used to manufacture glucose.


• Carnivores obtain few or no carbohydrates from their diet and meet their glucose needs by manufacturing glucose from protein.


The fact that these three strategies are all evolutionarily successful shows that they can all produce superb health in mammals. There are some implications for human diets:


• Most mammals satisfy their glucose needs by manufacturing glucose in the liver, not by eating it. This suggests there may be a health advantage to keeping glucose intake a little below the body’s needs and thereby keeping blood glucose levels low. This is a clue to the benefits of low-carb diets.


• Mammalian short- and medium-chain fat intakes cover a huge range—0 to 70 percent. This tells us that short- and medium-chain fats are safe for humans and that ketogenic diets, in which a large share of calories is obtained from short- and medium-chain fats—for instance, diets with a very high intake of coconut oil, which is 58 percent medium-chain fat—may be a feasible human dietary strategy. This is good because ketogenic diets are therapeutic for some diseases.


We think it’s fair to say that the solution to the optimal human diet was there all along—in the zoo! Mammalian diets are a reliable guide to the nutrient needs of the body and therefore to what we should be eating.


Takeaway


The basic structure of cells—a protein-rich intracellular compartment surrounded by fatty membranes—hasn’t changed in billions of years. The need for cells to be able to obtain energy by cannibalizing themselves hasn’t changed in that time either. So it should come as no surprise that all mammals have similar macronutrient needs.


Mammals do need different foods—some are obligate herbivores, some obligate carnivores—but this is because they have different digestive tracts, not because their bodies have different nutrient needs.


All mammalian diets point to the same basic macronutrient ratio: a macronutrient ratio that is majority fat, minority carbs and protein. The typical mammalian diet is about 10 percent carbs, 20 percent protein, 65 percent saturated and monounsaturated fat, and 5 percent polyunsaturated fat. Adjusting for our larger brain size, this suggests an optimal ratio for humans around 20 to 30 percent carbs, 15 percent protein, 50 to 60 percent saturated and monounsaturated fat, and 5 percent polyunsaturated fat.


Which is strikingly close to the Paleolithic diet, the cannibal diet of fasting, and the composition of breast milk adjusted for brain size!
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The “Tastes Great!” Diet




Healthful food is tasty. Every meal should be delicious!





Nothing in biology makes sense except in the light of evolution,” said Theodosius Dobzhansky. Certainly this is true of our sense of taste.


Why do some things taste bitter? We can sense the presence of toxins in food, and bitter taste makes us avoid them.


What makes food delicious? Why did evolution design our brain to enjoy certain food combinations?


The Compromise Between Efficiency and Health


Evolution undoubtedly selected for efficient food collection. The idea that easy-to-obtain foods will form the bulk of our diet has been dubbed “optimal foraging theory.” (“Lazy forager theory” would have been a better name, we think; or “path-of-least-resistance foraging theory.”) However, sometimes this idea is taken too far, to the inference that easy food-gathering is the sole determinant of our diet, as in this formulation by Michael Sheehan: “human decisions are made such that the net rate of energy capture is maximized.”1


This is too extreme, because evolution also selects for healthful eating. It’s not enough to merely seek energy; animals also need a host of nutrients in the right proportions. They need to avoid toxins. They need to seek out beneficial bacteria for the gut, as in probiotic foods, and avoid rotten foods that might cause disease.


The evolutionarily selected part of the brain that guides us toward healthful eating is called the food reward system. It teaches us to like and want foods that are good for us. Liking, or the pleasure in eating something healthful, rewards us for healthful eating; wanting motivates us to do extra work to obtain more healthful food.


Imagine you are one of our Paleo-era ancestors. Would you prefer a rotting carcass that you can capture in one minute or fresh meat that requires thirty minutes to capture? If it’s the latter, it’s because your food reward system has overridden your “lazy forager” system.


Can We Always Trust Our Food Reward Impulses?


It would be convenient if our likes and wants always led us to healthful eating. Unfortunately, that’s not guaranteed.


In eating disorders, the food reward system is disturbed, so that sufferers want to eat in an unhealthful way.


But even in healthy people, the food reward system may lead us astray.






READER REPORTS: A Need for Carbohydrates


I was finally successful at adding back in some carbs. I am now able to eat half of a small sweet potato on a daily basis, while still losing weight! You were right, the weight gain (about five pounds) was merely a temporary “hump” I had to get over before starting to go back down. I was afraid I’d be stuck eating very low carb forever!


As a bonus, my eyes are no longer blurry, and my hair appears to have started growing back. When I put it in a ponytail, there is a thick halo of new fuzz where formerly my scalp was visible. I am surprised at how quickly these issues began to resolve—it has been perhaps a month, if not less.


—Melanie








Consider the case of sugar. We’ve already seen that in the Paleolithic, hunter-gatherers could easily obtain fatty meat by hunting but had a difficult time obtaining carbohydrates. Their diet was typically only 10 to 20 percent carbs by calories. Suppose the optimal carb intake was 30 percent of calories. Then the food reward system would evolve a want for carbs to try to induce Paleolithic foragers to do extra work to get their carb intake up to 30 percent.


Our sense of taste is attractive for sweets but responds only weakly to fat; this may be evidence that evolution tried to enhance a strong want for carbohydrates but had no need to establish a similar innate attraction to fats.


But what happens in the modern world, where sugar is easily obtained? We still have our evolutionary want for carbs—sugar still tastes sweet—but we are no longer discouraged by the long, laborious search needed to find carbs in Paleolithic times. The “food reward system” still encourages us to acquire carbs, but our “lazy forager system” no longer discourages us.


The result, quite likely, is going to be that in the modern world we’ll overeat carbs, especially sweet sugars.


Here is actual carbohydrate consumption as a share of calories from countries around the world, plotted against a measure of national income per person:2


[image: images]


In very poor countries, people eat high-carb diets because grains such as wheat, corn, rice, and sorghum are all they can afford. As income increases, people buy more animal foods, and carb consumption goes down. However, at high income levels the drop in carb consumption levels off. When people can afford to eat whatever they want, they still consume 45 to 50 percent of calories as carbs.


If our evolutionary reasoning based on the composition of breast milk was correct, the optimal carb intake is 39 percent for infants and less—probably around 30 percent—for adults. This indicates that people all over the world are overeating carbs.


We infer that the food reward system sometimes overshoots the mark. Evolution wanted Paleolithic man to eat more than 15 percent carbs, so it made carbs tasty, sweet, and rewarding. In the modern world, where carbs are easy to obtain, the food reward system overrewards carbohydrate consumption and leads most people to eat more carbs than is optimal.




SCIENCE OF THE PHD
Is Obesity Caused by a Disconnect
Between Our Brains and Our Food?


In November 2011, the television show 60 Minutes did a fascinating report, “The Flavorists,” showing how the food company Givaudan makes industrial food enticing.


Flavorists at Givaudan go into orchards and fields to find natural flavors that can be chemically isolated and introduced into food to make it more pleasing. Among the flavors they’ve found: castoreum, which beavers secrete in urine to mark their territory. Castoreum tastes like raspberry and vanilla and is listed on labels as “natural raspberry flavor.”


For decades, manufacturers have been learning how to make prepared foods out of the most inexpensive ingredients, not necessarily the most healthful ones, and improving the taste with chemically isolated flavoring compounds. This explains the long ingredient lists on packaged foods.


Many researchers believe that these industrial foods are contributing to the obesity epidemic. It’s plausible: people stopped cooking at home and increased their intake of industrial foods at about the time the obesity epidemic started, in the 1970s; and since the 1970s industrial foods have increasingly diverged from natural foods.


A common view is that industrial foods promote obesity because they are “hyperpalatable”: so palatable that people will continue eating them even after they are full. (Have you ever been at a restaurant and said, after the steak and potatoes, “I can’t eat another bite,” but then found room for dessert? The meat and potatoes were palatable; the dessert was hyperpalatable.) Junk food is often designed to be hyperpalatable: eat one nacho cheese–flavored Dorito, and before long you’ve eaten the whole bag and headed out to the store for more.


Here is how one recent review phrases the idea that modern food is too rewarding:


Food reward, not hunger, is the main driving force behind eating in the modern obesogenic environment. Palatable foods, generally calorie-dense and rich in sugar/fat, are thus readily overconsumed despite the resulting health consequences.3


Another review concludes:


These findings collectively suggest that obesity can arise when animals or humans are confronted with foods whose palatability/reward value greatly exceeds that to which they are genetically adapted.4


Though these ideas have a solid experimental basis—nothing makes rats fatter than a “cafeteria diet” of hyperpalatable junk food—we believe that an equally important factor is that industrial food is malnourishing.


The brain’s appetite regulation mechanisms evolved to make the body well nourished. Evolution has produced sophisticated mechanisms optimizing every human activity. It has surely generated a mechanism for sensing the nutritional status of the body, promoting appetite when nutrients are needed, and suppressing appetite when the body is well nourished and food unnecessary.


If this is so, the fact that tasty foods are available need not by itself lead to chronic overeating. Hyperpalatable but nourishing foods might cause temporary overeating, but would be followed by subsequent undereating. Chronic overeating occurs only if the tasty foods are malnourishing and fail to satisfy bodily needs. Unfortunately, too many modern industrial foods are severely lacking in many of the nutrients contained in real food—plants and animals.


Whatever the reasons commercial foods promote obesity, there’s a simple solution: Don’t eat nonnourishing industrially manufactured foods. Until packaged foods manufacturers start assembling their products out of real foods—edible plants and animals—good health may demand avoidance of their products. That means shopping around the edges of the supermarket to obtain fresh plants and animals and cooking at home.


The good news: if we eat natural foods, our reward system will be a reliable guide to what is good for us, just as it was in the Paleolithic.









READER REPORTS: A Delicious and Satisfying Diet


I’m never hungry on the PHD and I’m really enjoying all the food I CAN eat, while not missing the food I can’t eat.


—David S.


I have been eating the PHD for a while, and it has really reduced any sort of cravings and tendency to mow down, even if the food is really yummy.


—Wyatt








So the food reward system is not a perfect guide to what we should eat. But it is a very good guide. When we look at nutrients that were easily obtained in the Paleolithic, we find that the food reward system guides us very accurately to the optimal amount.


Protein is a good example. Let’s consider it.



Protein Consumption



How much protein should a person or animal eat?


Well, dietary protein has two uses in the body:


• It can be used to make human proteins.


• It can be converted to glucose or substitute for glucose as an energy source.


The amount of protein that should be eaten is the amount that will satisfy both needs. For the sake of argument, let’s say that 200 calories of protein is needed to satisfy the body’s protein needs and 600 calories of carbohydrates will satisfy the body’s carb needs. Therefore:


• If the amount of carbs eaten is greater than 600 calories, we should “want” 200 calories of protein.


• If the amount of carbs eaten is less than 600 calories, we should “want” 200 calories of protein for protein synthesis needs, and enough additional protein to make up the deficit in carb intake. When carb intake is below 600 calories, every reduction of carb intake should lead to a corresponding increase in protein intake.


This pattern has been tested in rats. Rats were fed chow with various combinations of protein and carbs to see when they would stop eating. Here is what happened:5


When carbohydrate was abundant, the rats kept eating until their protein intake was 4.6 grams. They would consume extra carbohydrate and extra calories until they got precisely that amount of protein. Rats never ate more than 4.9 grams of protein when carbs were abundant.


When carbohydrate was scarce, the rats ate extra protein. The less carbohydrate was available, the more protein they ate.


We’ve fit the data with two lines. Once the rats obtained about 12 grams of carbohydrate, they ceased to care about dietary carbohydrate at all; they just kept eating until they’d obtained 4.6 grams of protein, then stopped eating. However, below 12 grams of carbohydrate, the rats ate extra protein, presumably so that they could manufacture glucose to replace the missing carbs.


[image: images]




SCIENCE OF THE PHD
On a Low-Carbohydrate Diet, How Is Glucose Replaced?


The rats’ ideal carb and protein intake looks to be about 12 grams of carbs and 4.6 grams of protein. As carb intake decreases below 12 grams, protein intake increases. On a zero-carbohydrate diet the rats would eat about 12 grams of protein.


If protein utilization stays constant at 4.6 grams, only 7.4 grams of protein are used to manufacture glucose to replace the missing 12 grams of carbohydrate; only about 60 percent of ideal glucose intake is replaced with protein. Reductions in glucose utilization and displacement of glucose with ketones made from fat account for the other 40 percent.





The rats seem to know exactly the right amount of food to eat to meet both their carb and protein needs. A similar pattern holds in humans.6


The fact that at high carb intakes, protein intake is fixed and independent of carb intake has some interesting implications. It means that protein is a dominant determinant of appetite. Both rats and people want to get a particular amount of protein, and they keep eating until they’ve gotten it.


This is why so many popular weight loss diets, from Atkins to the Dukan Diet, are high in protein. When people try to eat high-protein diets, they find that their appetite disappears as soon as they have eaten the amount of protein that the food reward system seeks. They end up eating less.


For a while, this appetite suppression causes rapid weight loss. Those few weeks are often enough to get dieters excited and telling their friends, “This new diet really works!”


Unfortunately, we do need other nutrients beside protein, and after a while the brain realizes that the body needs some missing nutrients. Appetite is upregulated in order to get those missing nutrients. So lean-meat diets only suppress appetite and promote weight loss for so long. We do not recommend them as a long-term weight loss strategy.


Salt Consumption


Another nutrient that the food reward system manages is salt.


Salt is a highly rewarding nutrient, in animals as well as humans. Indeed, animals will dig caves deep into mountains in order to mine salt. Kitum Cave reaches 700 feet into Mount Elgon in Mount Elgon National Park, Kenya, and it’s thought to have grown to its current size through the efforts of elephants to scrape salt from its walls.7


Gorillas chew on rotted wood for reasons that once mystified scientists. It turns out they do it for sodium.8


The American Heart Association urges consuming less than 1,500 milligrams of sodium per day, but hardly anyone in the world complies with that advice.9 A survey of thirty-three countries found that despite vast differences in cuisine, people consistently take in about 3,700 milligrams of sodium a day.10 That’s the amount in 1.6 teaspoons of salt.


We have biological evidence for how much salt we need. When the body’s sodium levels become low, levels of the hormones renin and aldosterone rise in order to conserve sodium. A significant increase in these hormones occurs when salt intake drops below 1.5 teaspoons per day.11


So it looks as though biology and food reward are both sending us the same message: We need about 1.6 teaspoons of salt per day, or 3.7 grams of sodium.


This was confirmed recently in a careful study reported in the Journal of the American Medical Association that measured salt intake via sodium excretion in urine and followed subjects for five years to assess their death rates. The mortality rate was lowest when sodium intake was in the range of 4 to 6 grams per day. Sodium intake below 3 grams per day significantly raised the mortality rate, as did sodium intake above 7 grams per day.12




SCIENCE OF THE PHD
The Experts’ Faulty Advice to Avoid Salt


For years, people have been warned to avoid salt. The American Heart Association advises consuming less than 1.5 grams per day of sodium. The hypothesis—it is little more than that—is that eating more salt can lead to a slight rise in blood pressure, higher blood pressure is associated with heart disease and strokes, so maybe eating more salt will cause more heart disease and strokes.


Too often, experts dole out such advice based on unproven hypotheses without ever looking at the evidence from evolutionary selection. In fact, evolution selected for a certain salt intake. Antisalt advice was not supported by reliable studies: as recently as summer 2011, before the JAMA study was released, a Cochrane review found that no long-term studies on the effects of salt intake had yet been performed and the short-term studies that had been performed had found no clear benefit from reducing salt intake.13


The JAMA study indicates that those consuming less than 2 grams per day of sodium raised their five-year cardiovascular mortality risk by 37 percent. Anyone following the American Heart Association’s advice would have raised his or her mortality risk by even more.
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