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INTRODUCTION

Retarding the aging process stems from improved hormonal control. In the year and a half since I first wrote this book, a flood of new research has confirmed the importance of hormonal control in the aging process. What is a realistic anti-aging goal? It’s about a twenty-year difference between your actual age and your true biological age. This means whatever your age, you have the potential through improved hormonal control to look, feel, and perform as you did twenty years earlier. Reversing aging is not about living forever. It’s about living longer and better, knowing that your personal lifestyle choices make all the difference.

Even though new data on gene manipulation and hormonal communication have come forth in the past year and a half, much of this new research confirms that the most important hormones that can reverse aging are still controlled by your diet. If you are looking for that magical elixir for a longer and better life, then the place to start is your kitchen.

The only known method to reverse aging is calorie restriction. There is no debate on the subject. The question is simply whether or not people are capable of practicing calorie restriction on a lifetime basis. What’s the use of living longer if you are constantly hungry and feel deprived? The solution to this dilemma is the Zone Diet, which provides all the demonstrated anti-aging benefits of calorie restriction without hunger or deprivation. Perhaps a better way to think of the Zone Diet is to view it as a program of calorie conservation. This means you are consuming sufficient protein with ample amounts of fruits and vegetables that are rich in vitamins and minerals and the appropriate levels of essential fats, all in the least caloric amounts.

But age reversal involves more than simply eating correctly. It also requires constant but moderate exercise and stress reduction because these activities are useful aids in your overall hormonal control strategy. When you put these elements together with the Zone Diet, the result is the Age-Free Zone Lifestyle Pyramid.

I maintain a Jeffersonian philosophy about science. I believe that if people are given the real facts, they will make the most appropriate lifestyle decisions. I have never tried to dumb down the science in the various books I have written on the Zone technology. This book is no exception. When I originally wrote it, I recognized the complexity of explaining the orchestration of the hormonal responses necessary to retard the aging process. This is why it is presented in a modular format, so that you can see what each hormonal system does and how. To age successfully, you must make a constant commitment, like a warrior’s code, to follow the Age-Free Zone Lifestyle Pyramid, because the day that you stop adhering to the Age-Free Zone Lifestyle Pyramid is the day that you begin to accelerate the aging process.

I have tried to provide a practical and proactive approach to begin separating chronological age from biological age, which is my definition of age-free. I have provided you with the technologies of diet, exercise, and meditation that have been proven to reverse aging. I can give you the rules, but only you can put them into practice.



PART I

HORMONES AND AGING




CHAPTER 1

THE QUEST:
LONGER LIFE OR BETTER LIFE?

From the beginning of written history, man’s quest for a longer life, if not immortality, has been a constant theme. In fact a longer life might have seemed like immortality for early man since the average life span through Roman times was about 22 years of age.

Some of the earliest recorded anti-aging literature came from the Egyptian papyrus, “Book for Transforming an Old Man into a Youth of Twenty.” Written nearly 2,600 years ago, it promised to reverse the aging process, not to achieve longer life. Throughout Greek and Roman literature there are continued references to magic elixirs for living longer and, often equally important, improved sexual potency. The idea of immortality was something only to be found among the pantheon of the Greek and Roman gods.

While ancient Western thought viewed death as an inevitable process to make way for the next generation, ancient Eastern philosophy embraced the balance of opposing forces as the road to immortality. Yet both ancient Western and Eastern literature suggest that if one could only eat the food of the gods, immortality might be ensured. As we approach the new millennium, we now realize that the ancients had the essence of truth in their quest. While no one can ever become immortal, we can use food to balance powerful forces within our bodies to slow, if not reverse, the process we call aging. This food is not the property of the gods. It is in your own kitchen.

Anti-aging is not just a matter of simply living longer, but also living better. I personally don’t want to reach the age of 120 if I am enfeebled and need constant assistance to take care of myself. I’d much rather live to a more modest age and enjoy a better quality of life. In essence, you want to maintain functionality (being able to take care of yourself) as long as possible before death. Although life expectancy was much shorter in the past, functionality was usually maintained until death. Today we have a greater life expectancy than at any time in history, but much of our extended time on earth includes a greater number of years of declining function before death. The concept of a slow death in a nursing home surrounded by nonfunctional people is a frightening picture. The baby boomers have seen this new face of aging and, frankly, they are scared. It is not a fear of death but a fear of declining physical and mental function.

A good way of describing anti-aging is that it is the process of dissociating biological age from chronological age. Chronological age is easy. Just count your birthdays. Biological age is a little more complex. Determining the biological changes (and therefore your functionality) that take place during aging has been one of the primary research areas of gerontology (the study of aging) over the past 30 years. During this time period, a number of biological markers of aging have been identified for humans. A true biological marker of aging must be universal. You can’t call cancer a marker of aging since not everyone who ages gets cancer. On the other hand, loss of muscle mass in both males and females seems to be a universal marker. Reversing the biological markers of aging is the true goal of any successful anti-aging program.

By reversing these biological markers, your body can once more appear years younger even though it’s not. Furthermore, you will maintain physical and mental performance at levels that you were accustomed to at an earlier stage in life. These biological markers provide you with a scientific starting point that can indicate whether or not your anti-aging program is actually working. After all, anti-aging is a science, not an art form. These biological markers of aging are ultimately governed by hormonal changes that take place as you age. Therefore the key to reversing aging is our ability to alter our hormones.

The first scientific evidence that the aging process could be reversed by hormonal modulation appeared in the latter part of the nineteenth century. The beginning of this new age began when Charles-Edouard Brown-Séquard, a member of the French Academy, reported that self-injections of ground-up animal testicles reversed the aging process with a corresponding increase in his sexual potency. Needless to say, his discovery was greeted with great enthusiasm. Nor could he be accused of being a snake-oil salesman because he gave his new youth elixir to other physicians at no charge with the provision that they not charge their patients. Unfortunately, Brown-Séquard’s research was also met with great derision throughout Europe because his results couldn’t be replicated by others. Yet a century later we now understand that he had indeed crossed the barrier and discovered that anti-aging was possible through hormonal modulation. In fact, aging revolves around hormones. The right balance of hormones will slow the aging process; the wrong balance will accelerate it. It’s not necessarily the lack of certain hormones that is the fundamental cause of aging, but really how hormones lose their ability to communicate with each other to maintain equilibrium. The goal of this book is to present a new anti-aging manifesto: how to use your diet to improve hormonal communication and therefore reverse aging.

And more importantly for you is the fact that many of these biological markers can be reversed by the most powerful anti-aging drug readily available to everyone. What’s the name of this drug? It’s food, assuming you are willing to treat food with the same respect that you would treat any prescription drug. Food is a powerful “drug” because it alters hormonal responses. Used properly, food can improve hormonal communication. If you can achieve that goal, you will begin to reverse the aging process. On the other hand, the improper use of food can speed the aging process. Essentially, after each meal you want to ask yourself the question: “Did I reverse the aging process or did I accelerate it?”

In my first book, The Zone, I began to outline the hormonal consequences of the diet and its implications for treatment of chronic diseases. In my following books, Mastering the Zone, Zone Perfect Meals in Minutes, and Zone Food Blocks, I tried to show how easy it is to prepare the foods you already like to eat into a powerful drug simply by making a few adjustments with the balance of the protein, carbohydrate, and fat content of your meals. In this book, I go back to the biological foundation (i.e., hormones) that defines our existence and demonstrate how to alter that foundation, starting with your next meal.

Many readers may want to simply begin the lifestyle modifications that are the essence of anti-aging. If so, I suggest that you go directly to Part II of this book that begins with Chapter 6 so that you can begin your anti-aging program with your very next meal. Then return to the other chapters of the book to understand the science behind anti-aging. Others may wish to understand the science of aging first. Those readers should go to the next chapter. Regardless of where you start, if you are interested in reaching the Age-Free Zone, then read on.


CHAPTER 2

WHY ARE WE LIVING LONGER?

That’s a good question. Genetically, man hasn’t changed much in the last 100,000 years, so it can’t be better genes. So what else may explain our increased longevity? Before I turn to that question, it helps to define some basic terms about aging. The first is average life span. An average life span (or life expectancy) is simply the average age at which 50 percent of a given population have died. Obviously, if you have a lot of childhood mortality, then the average life span will be short. Second is maximum life span. This is the upper limit of age that is unlikely to be surpassed. The third is longevity. Longevity is how close you get to the maximum life span before you die. And finally there is aging, which is defined as the general deterioration of the body with increasing age. With these definitions, let’s go back to our basic question: Why are we living longer?

Our best estimates are that the average life span of neo-Paleolithic man some 10,000 to 15,000 years ago was approximately 18 years. However, this is a very misleading figure since there was an incredibly high level of childhood mortality, primarily at birth, that skews this average life span to an early age. Obviously, you have to have a long enough life span to give birth to the next generation and raise the young in order for a continuation of the species. Since we are still here, this means that neo-Paleolithic man (not to mention his ancestors) had a long enough life span to continue populating the earth.

The maximum life span for humans appears to be 120 years, which probably hasn’t changed in the past 100,000 years. It is also unlikely that it will change very soon. It turns out that the maximum life span of any species can be predicted by the relative size of the brain compared to body weight. The brain size of man has been constant for the last 100,000 years. Furthermore, the number of people with legitimate, verifiable birth records who have reached the age of 120 in the past century can be counted on the fingers of one hand. As I will point out later, it is unlikely that the number of people reaching an age of 120 will increase greatly in the the next century.

It’s important to keep in mind that while maximum life span hasn’t changed, life expectancy has increased because of its heavy dependence on the death rates of young children. The less rapidly the young die, the greater the average life expectancy of the population. But what about aging? Although aging is defined as the general deterioration of the body with increasing age, a more quantitative definition of aging is the amount of time required to double the likelihood of death after you reach adulthood. This is a far better definition of aging than average life span because childhood mortality is no longer a factor. This definition of aging is also known as the mortality doubling time. Currently in the United States and other industrialized countries, the mortality doubling time is between 7 and 10 years after you reach the age of 40. If the mean doubling time is 10 years, then if you are 50 you will be twice as likely to die at this age than at age 40. It also means that at age 60 you will be two times more likely to die than at age 50 and four times more likely to die than at age 40. You can quickly see that as you age your chances of dying are exponentially greater. Why is this definition of aging important? Because it allows you to define anti-aging in terms of increased mortality doubling time without having to exceed the maximum life span.

In addition to the quantity of life (as measured by longevity), the quality of life (maintaining functionality for as long as possible) is an equally important consideration for any successful anti-aging program. If you are living longer but have not slowed the aging process (i.e., the general deterioration of the body), then you have achieved little. You may have a longer life, but with far less quality (i.e., decreased functionality). Not a very inviting trade off.

Before I explore why we are living longer, let me address the question of why we should die in the first place. Three possible explanations have been put forward and can be summarized as follows: (1) we die for the good of the species; (2) we live fast and die young; and (3) we die because we live in an increasingly less hostile environment. Thus genes that have nothing to do with procreation of the species but are associated with the development of chronic diseases and resulting death.

Let’s evaluate them one by one. Dying for the good of the species has an altruistic tone to it, but it doesn’t make sense. Most animals (including humans until the development of writing about 5,000 years ago) have no way of communicating knowledge from one generation to the next other than by example. The older the animal, the more experience it accumulates and the more wisdom can be passed to its offspring. The smarter the next generation is, the more likely they can successfully procreate and pass their genes onto still another generation. This is why the elderly were especially venerated (at least until recently). Their personal experience contained practical knowledge about what to expect in the world. So why would Nature choose to discard the advantage of accumulated knowledge when it could be retained and communicated by older animals for the good of the species. Therefore, this explanation of dying doesn’t seem very likely.

The “live fast, die young” theory, especially popular in the 1920s, was developed by Raymond Pearl, an early gerontologist. This theory surmised that you had a limited number of swings at the plate of life; once those were used up, it was curtain time. This theory was based on the fact that it appeared that the higher the metabolism of the animal, the shorter its life span. Unfortunately, when it was found that some animals (especially birds) have very high metabolisms, but also very long lifetimes, this theory became untenable.

Finally, we are left with the evolutionary theory of dying. After our genes are passed to the next generation, evolution doesn’t really care what happens to the parents. Death, according to this theory, is caused by an accumulation of genetic defects that only manifest themselves well after the next generation has reached maturity. As our environment has become less hostile, people have a decreased probability of random death. The result is an increasing life span, which allows for the accumulation of inherent genetic defects that manifest themselves as chronic disease in an aging population. There are three good examples of this phenomenon.

The first is Huntington’s disease, which strikes in middle age with devastating consequences—the complete loss of mental powers. Huntington’s was the disease that killed the famous folksinger Woody Guthrie. Lending credence to this evolutionary theory of aging is the fact that Huntington’s manifests itself only well after another generation has been produced. From an evolutionary perspective it doesn’t matter whether or not that particular gene is present since it would not affect your ability to pass on your other genes. Of course, while it might not matter to Nature, it does matter to you if you happen to carry that gene.

Two other examples that give credence to this evolutionary theory are Alzheimer’s and heart disease. There appears to be an increased likelihood of being stricken with Alzheimer’s disease if you have the ε-4 form of the gene that codes for ApoE (a constituent of lipoproteins). This same form of the ApoE gene is associated with higher levels of cholesterol and heart disease. On the other hand, the ε-2 form of the same ApoE gene seems to confer decreased likelihood for both heart disease and Alzheimer’s disease with a corresponding increase in longevity. Because the occurrence of heart disease and Alzheimer’s only appear a long time after procreation of the next generation, Nature has never bothered to “choose” between the good or bad forms of the ApoE gene. Either way, you’ve got plenty of time to reproduce. This is why diseases associated with aging—such as heart disease, cancer, Type 2 diabetes, and arthritis—rarely strikes young adults.

It appears that why we die is most likely due to the appearance of genetic defects that have nothing to do with successful procreation. And because evolution is a cruel master, it doesn’t matter what happens to you after you have successfully reared the next generation of your species. For the first time in history, we are trying to wage war against a seemingly immutable law of Nature.

Why we die remains a continuing philosophical and biological debate. How to live a longer and more functional life, on the other hand, is a more practical question. Since longevity is defined as your success in reaching the maximum life span, there are many factors besides your genes that can affect longevity. Infectious disease, accidents, and predators are some of the factors that can decrease the likelihood of reaching your maximum life span.

In fact, the concept of increasing life span may be simply an artifact of civilization. In the wild, there is no such thing as aging. Death in that arena appears to be a random event because it is difficult to predict when it will occur. This is similar to radioactive decay rates, as it is impossible to predict when a particular atom will decay (see Figure 2-1 on page 11).
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Figure 2-1 Survival Curve of Animals in the Wild

This is why when wild animals are tracked from birth, the decay in their population follows a decay rate like any radioactive isotope. Whatever this decay rate, however, there must be enough of the species left to create the next generation and rear it before random death strikes. This random decay in the wild can be altered by civilization. Put a wild animal in a zoo and its life expectancy follows a different course. The survival rate becomes more rectangular (see Figure 2-2 on page 12).

Why the differences? Animals in zoos get medical care. They don’t have to worry about predators. And the most important reason is that they get fed on time. It’s a pretty civilized life. The same is true for humans. Our life-expectancy curves have become more rectangular with increasing levels of civilization (see Figure 2-3 on page 13).

It is estimated that it took nearly 3,000 years (from 1000 B.C. to 1900) for the life expectancy of man to increase by 25 years (from the low 20s to 46). In the next 50 years (from 1900 to 1950), life span increased approximately another 25 years (from 46 to 72). That’s a 50 percent increase in life expectancy in only 50 years. What happened in that 50-year period that dramatically increased life expectancy? Before 1900, 75 percent of all people died before the age of 65. Now more than 70 percent will die after age 70. That would suggest that the mortality doubling time has increased, and we have begun to reverse aging. But this is less of a gain than you might initially think. As impressive as these gains may sound, at the turn of the century if you were a male and lived to age 70, it was likely that you would live for another 9 years. Today if you are a male and reach the age of 70, it is likely that you will live another 12 years, only three more years and often with far less functionality. Although life expectancy has increased, there is little indication that the mortality doubling rate has not changed dramatically since detailed birth records were kept beginning some 200 years ago. So if the intrinsic rate of aging has not changed in some 200 years, what changed at the turn of the century to dramatically increase life expectancy?
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Figure 2-2 Life Expectancy of Animals in the Wild vs. Captivity

The average life expectancy in America in 1900 was only 46 years. The leading causes of death in America at that time were infectious diseases spread through respiratory exposure (like tuberculosis and pneumonia), and were unlikely to be greatly affected by improved sanitation (which would affect diseases, like cholera, spread through fecal contamination). Could the dramatic increase in life expectancy in the first half of this century be a consequence of better control of infectious disease?
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Figure 2-3 Changing Life Expectancy of Humans

Estimates have been made on the increase in life expectancy if certain causes of death, including infectious disease, could be completely eliminated. Not surprisingly, the effect on life span depends upon what the current leading cause of death is and on what potential causes of mortality might theoretically be eliminated. These results are shown in Table 2-1.


TABLE 2-1

Effects on Life Expectancy with Mortality Eradication Depending on the Stage of Development



	 
	SEMI-DEVELOPMENT COUNTRY
	    DEVELOPED COUNTRY    



	Infectious disease
	19 years
	1.7 vears



	Cancer
	9 months
	2.5 years



	Violence/Accidents
	6 months
	8 months






If you live in a less-developed society with an average life expectancy of only 40 years of age (and this would have included many industrialized Western countries at the turn of the century), the total elimination of violence and accidents and even cancer have a very limited impact on life expectancy. However, elimination of infectious diseases has a dramatic impact on life expectancy, increasing it by 19 years or nearly 50 percent. This is approximately the same percentage increase in life span that occurred in the first half of this century.

On the other hand, in developed industrialized countries with an average life expectancy of 72 years (like present-day America), if one could eliminate all violence and accidents, only another 8-month increase in average life expectancy would be achieved. You would enjoy a totally crime-free and accident-free society (which is desirable), but not necessarily a longer-living one. And the increase in life expectancy from the elimination of cancer in an industrialized country has a much greater impact on increased life expectancy compared to the elimination of all infectious disease.

Why does the potential elimination of cancer have a far greater impact on life expectancy than elimination of infectious disease in developed countries? First, infectious disease is no longer a great killer in developed countries. Second, the vast majority of cancers strike adults. If you are not dying at an earlier age due to infectious disease, then eliminating cancer is going to make a bigger difference in life expectancy.

However, the number-one killer in industrialized countries is not cancer, but heart disease. It is estimated that if all heart disease could be eliminated, the increase in life expectancy would only be another 4 to 6 years. So even if you could magically eradicate cancer and heart disease overnight in America, the maximum increase in life expectancy would only be an additional 6 to 9 years. This is why it is unlikely that we will ever exceed our maximum life span of 120 years.

So it appears that our control of infectious disease in the first half of this century has been the primary cause of our dramatic improvement in life expectancy. But is the control of infectious disease due to better nutrition or better drugs?

The body’s primary defense against infectious disease is a strong functioning immune system. The efficiency of this defense system is controlled to a great extent by the diet, in particular, the protein content of the diet. The first casuality of protein malnutrition is the immune system. In fact, combatting malnutrition in general has been one of man’s major challenges since the beginning of recorded history. It is only in this century that adequate supplies of protein became more abundant and more accessible to the general population. Therefore better nutrition is a very likely candidate in explaining the dramatic increase in life expectancy during the first half of this century.

Medical experts, however, are usually quick to take credit for their role in halting the advance of disease (especially infectious disease). But is that credit justified? Before the 1930s the typical physician could best be characterized by Norman Rockwell-like paintings of the family doctor sitting at the patient’s bedside hoping the fever would break. All he could really offer was encouragement and prayer, plus some simple remedies and herbs that would be laughed at by his colleagues today. And drug companies 50 years ago were a pale imitation of what they are today. Their major products were patent medicines, which were not exactly herculean in the fight against disease. In fact, many of the over-the-counter (OTC) drugs found in every pharmacy and supermarket today are far more powerful than the state-of-the-art drugs used 50 years ago.

The waning of infectious disease in the first half of this century is commonly thought to be the result of new drug discovery. Yet the conquest of those diseases that were the captains of death at the turn of the century had very little to do with the drugs themselves. For example, almost 70 percent of the decline in pneumonia mortality occurred before the invention of sulfa drugs in 1935 (and frankly those drugs weren’t very good anyway). Likewise more than 80 percent of the decline in tuberculosis mortality occurred before any good drug therapy was developed in the 1950s. There are other examples, such as the 90 percent decrease in the mortality of whooping cough and the more than 70 percent decrease in the mortality of scarlet fever and diphtheria before effective vaccines were developed. Polio is the only disease in twentieth-century America that shows a correlation between a drug or vaccine introduced to treat it and the slowing of its infection rate.

However, one feat that the pharmaceutical industry is slow to accept credit for is a new cause of death in this country that never existed at the turn of the century. It is now estimated that the fourth leading cause of death in the United States is adverse drug reactions (ADR). Deaths from ADR are not due to administrative mistakes or patient overdoses but represent deaths in which a drug was used correctly. It is as if we have suddenly invented a new cause of death that never existed before. Bear in mind that the deaths from ADR are far greater than the mortality caused by AIDS, which only ranks tenth as a cause of death in the United States.

The pharmaceutical industry shouldn’t take credit for the dramatic increase in life expectancy in the first half of this century, since it appears the primary reason that we are living longer is simply better nutrition. Your best defense against disease is not some new medical treatment, but an active and fully functioning immune system. And your immune system, as you might imagine, is largely controlled by what you eat and the quality of the food you consume. This is why malnutrition (not only in terms of calories but also in terms of protein content) is the greatest contributing factor for reduced longevity. Your immune system is primarily composed of protein and therefore any deficiency in protein intake will dramatically compromise its efficiency. On the other hand, with adequate protein intake, the immune system is able to overcome any infectious disease with greater efficiency.

Obtaining adequate levels of protein has been a very difficult task since the advent of agriculture, because crops are by definition carbohydrate rich and protein poor. This was why hunter-gatherer populations (assuming adequate supplies of wild game) had a better nutritional status and were more healthy than their counterparts who were agrarian based. Surprisingly, Americans have been consuming adequate protein only since the turn of the century. This is why the average size of an American soldier during the Civil War was only 5 feet 5 inches. Now the average height of American males (5 feet 10 inches) and females (5 feet 6 inches) is just about what it was 10,000 years ago for neo-Paleolithic hunter-gatherers who had adequate levels of protein in their diets. Without adequate protein, not only is it impossible to attain your maximum genetically programmed height, but it’s also impossible to maintain a highly efficient immune system. (Remember that the lower life expectancy of neo-Paleolithic man was due to living in a much more hostile environment.) With the development of cattle as a readily available source of protein coupled with refrigeration and the development of an efficient transportation system, protein has become a much more common dietary staple for Americans since the turn of the century. The subsequent increase in protein consumption correlates much better with the control of infectious diseases than does the development of new drugs to treat infectious diseases.

Therefore the most important factor as to why we are living longer since the turn of the century may simply be that we are eating better. However, what Americans have been eating in the past 15 years is very different from what they ate in the first 50 years of this century. In this same 15-year time period, we have become increasingly fatter and less healthy as a nation. This indicates that something very wrong is happening to our dietary habits. If eating better is the primary reason why we were living longer in the first half of the century, then it also becomes the key to reverse aging in order to achieve increased longevity in the next century. But the diet to reverse aging has to be very different than the one we have been eating in the last 15 years. In essence, if you want to reverse the aging process, then food is your “drug” of choice. But the door can swing both ways because the improper use of food can also decrease longevity.

Although my definition of an effective anti-aging program is one that increases the mortality doubling-time, it may take one or two generations to truly know the success of any such intervention in humans. Fortunately, there are biological markers of aging which allow us to test anti-aging interventions today. If these biological markers can be reversed, then you will know you’re on the right track toward anti-aging. Those biological markers of aging are detailed in the next chapter.


CHAPTER 3

THE BIOLOGICAL MARKERS OF AGING

Defining the biological markers of aging is essential in the search for a successful anti-aging program. Only by reversing some, if not all, of these markers can you truly state that your anti-aging strategy is successful. Much of our current human data on the biological markers that change with age come from longitudinal aging studies starting with the Baltimore Longitudinal Study of Aging (BLSA) in 1958. Longitudinal studies are truly ambitious because they begin with the largest possible group of young adults and then follow them as they age. So with 40 years of data collection completed with the BLSA and other on-going studies as well, we are beginning to know a few things about aging. First, not all biological markers change universally with age. As an example, systolic blood pressure (the upper number of your blood pressure) universally increases with aging, whereas diastolic blood pressure (the lower number of your blood pressure) does not. Second, and not surprisingly, there is a great range of variability in aging. Some people age quickly, others age more slowly.

To qualify as a biological marker of aging, a marker is defined as a biological process that cannot only be measured and quantified, but is also universal. As I pointed out earlier, cancer is a disease associated with aging, but not everyone gets cancer. It is a possible consequence of aging, not a marker of aging. For humans the primary biological markers of aging appear to be those listed in Table 3-1 on page 19.

Although this is a fairly broad list of physiological changes, they all can be all related to one single factor—excess levels of the hormone insulin. Although this hormone will be discussed in greater detail in a later chapter, it is important to note that excess levels of insulin is probably the greatest single factor that accelerates the aging process because it affects all of the biological markers of aging.


TABLE 3-1

Some Biological Markers of Human Aging



	MARKERS THAT INCREASE WITH AGE
	    MARKERS THAT DECREASE WITH AGE    



	      Insulin resistance
	          Glucose tolerance



	      Systolic blood pressure
	          Aerobic capacity



	      Percent body fat
	          Muscle mass



	      Lipid ratios
	          Strength



	      
	          Temperature regulation



	      
	          Immune function






To explore the role of excess insulin on the biological markers of aging, let’s first look at the biological markers that increase with age. The increase in insulin resistance (and the resulting increase of insulin in the bloodstream) may have the most far-reaching impact on the aging process because of its effect on other hormonal systems, in particular eicosanoids (which ultimately control the immune system). In simple terms, the job of insulin is to store incoming nutrients (especially carbohydrates) in its appropriate target cells. Without sufficient insulin, your cells would essentially starve, so you have to have a certain level of insulin to ensure appropriate delivery of nutrients. Insulin resistance makes it difficult for insulin to do its primary job. With increased insulin resistance, insulin is still being produced, however, its ability to communicate and relay its message to store nutrients, (in particular blood glucose) is highly compromised. The biological response to increasing insulin resistance is to secrete even more insulin into the bloodstream to drive down blood glucose levels by brute force. This leads to an overproduction of insulin in the bloodstream, which is known as hyperinsulinemia. One of the first indicators of hyperinsulinemia is an increase in stored body fat. Many of the markers of aging are a direct or indirect consequence of hyperinsulinemia.

Hyperinsulinemia is like a loose cannon on the deck of a ship because it can adversely affect other hormonal systems. One key hormonal system is eicosanoids. Eicosanoids are an exceptionally complex group of hormones that represent the molecular foundation of aging, as I will discuss in greater detail in a later chapter. For now, let’s just say that eicosanoids are in many ways “master” hormones that control a wide range of physiological systems. This is achieved by balancing opposing actions of “good” and “bad” eicosanoids. The role insulin plays in eicosanoid production is that it causes the production of more “bad” and fewer “good” eicosanoids. For example, the higher the insulin level, the more vasoconstrictive (“bad”) eicosanoids are made that increase blood pressure. The less insulin in the bloodstream, the more vasodilating (“good”) eicosanoids are made. It is the balance of these opposing eicosanoids that determines blood pressure. Therefore as insulin levels increase so does blood pressure.

With age-associated hyperinsulinemia the percentage of body fat will also increase. Higher levels of insulin promote the storage of any excess calorie intake into the adipose tissue, at the same time preventing the release of stored fat for energy by inhibiting the gate keeper of the fat cell, the hormone-sensitive lipase.

Hyperinsulinemia will also reduce HDL cholesterol levels. Thus it is not surprising that any lipid ratio that uses HDL cholesterol as one of its components will also increase. In addition, excess insulin stimulates the liver to produce more cholesterol thereby increasing the risk of heart disease.

Now let’s turn to the biological markers that decrease with age. Here a similar pattern emerges as many of these biological markers are also strongly influenced by excess insulin. A decrease in glucose tolerance is another way of stating that insulin resistance is increased. The body cannot take up glucose from the blood effectively and therefore must increase insulin output. One of the best clinical ways to determine your tolerance to glucose is a blood test that measures the extent of the cross-linking of glucose to proteins in the plasma, in particular the cross-linking of glucose to hemoglobin in the red blood cells. The higher the amount of glycosylated hemoglobin (the end product of the cross-linking of glucose with hemoglobin in red blood cells), the higher the long-term levels of glucose in the bloodstream due to increased glucose intolerance. Simply put, the higher the levels of glycosylated hemoglobin in the bloodstream, the more glucose intolerant you are and the faster you are aging.

Decreased aerobic capacity is another marker of aging, and it appears to decrease by about 1 percent per year after age 20. Aerobic capacity is the ability to deliver adequate levels of oxygen to the muscles, so that lactic acid doesn’t build up (causing the muscle to stop working). In athletics, this buildup is called the burn because the actively exercising muscle group is building up lactic acid levels very rapidly, which causes pain. In cardiac patients, the same process is called angina, but occurs at much lower levels of exercise intensity. In cardiovascular patients with angina, their actively exercising muscle (the heart) is not getting enough oxygen and lactic acid builds up.

Obviously, the factors that affect the transfer of oxygen from the air you breath to its final delivery to the muscles are complex. But from a hormonal standpoint there are three distinct areas that contribute to this marker of aging, and all are related to hyperinsulinemia.

The first step that determines overall aerobic capacity is your lung capacity, which is ultimately controlled by eicosanoids that are either bronchodilators (“good” eicosanoids) or bronchoconstrictors (“bad” eicosanoids). Elevated levels of insulin promote the overproduction of broncoconstrictors. If you have ever had an asthma attack, you have been exposed to an overproduction of bronchoconstrictors (i.e., leukotrienes) with a resulting decrease in oxygen transfer. Of course, if you have destroyed lung tissue by smoking, disease, or environmental insults, your lung capacity will be compromised even more as you age.

A second factor that affects oxygen delivery to muscles (and other cells for that matter) is the diameter of the capillaries that surround the lung tissue. The greater the capillary diameter, the greater the rate at which oxygen will be transferred to red blood cells in the bloodstream. Not surprisingly, this process also falls under hormonal control by eicosanoids. Eicosanoids that are vasodilating (“good” eicosanoids) will increase the diameter of the vessels surrounding the lung tissue, whereas eicosanoids that are vasoconstrictors (“bad” eicosanoids) will decrease the diameter of the same blood vessels, thus reducing oxygen transfer. Elevated insulin promotes the overproduction of vasoconstrictors.

The final determinant of oxygen transfer is the delivery of oxygen to the target cells based on the flexibility of your red blood cells. The ability of red blood cells to contort or deform themselves as they squeeze through the capillaries is enhanced by “good” eicosanoids. The more flexible the red blood cells, the greater the amount of oxygen they can deliver to the cell. The production of “good” eicosanoids is decreased as insulin levels increase. Therefore, if any one of the three phases of oxygen transfer is compromised, then an overall decrease in aerobic capacity is the result. Less oxygen is delivered to the cell, and if that cell is an actively exercising cell, then lactic acid builds up and fatigue sets in. This is why physical endurance decreases with age. As you can see, aerobic capacity is largely determined by the balance of “good” and “bad” eicosanoids, which is strongly influenced by insulin levels.

Another important biological marker of aging is the loss of muscle mass and the loss of strength. The best estimate is that you lose about 6 pounds of muscle mass with each decade of aging so that by age 65 you have lost 25 to 30 percent of your muscle mass and strength. Furthermore, it is the loss of muscle mass and strength that has the greatest impact on the lack of functionality as you age. The muscles you are born with are the ones you die with minus any of those that have died during the aging process. Unlike skin cells, muscle cells don’t divide. The amount of your muscle mass therefore has less to do with the number of muscle cells you have, but much more to do with their size. The two hormones that control maintenance of muscle size and strength are growth hormone and testosterone. As I will show in later chapters, the levels of both these hormones can be reduced by elevated insulin. Therefore the decrease in muscle mass and strength will be greatly affected by elevated insulin. Viewed in this light, the drop in the levels of growth hormone and testosterone that occur with aging may simply be secondary consequences of this age-related increase in insulin.

Another marker of aging that appears to be universal is lack of temperature regulation. As you age, your ability to tolerate extremes in temperature decreases. You feel more uncomfortable in the summer as your body is less likely to sweat to cool down your core temperature, and you feel more uncomfortable in the winter because less blood circulates to the periphery (fingers and toes). To a great extent, this lack of temperature regulation is controlled by the diameter of your vascular system in your skin, which is ultimately controlled by eicosanoids. Elevated levels of insulin influence the production of those eicosanoids that decrease the diameter of the vascular system causing to impaired circulation and decreased temperature regulation, just as it leads to reduced oxygen transfer.

The final biological marker that decreases with age is your immune system, especially the ability of the white cells to fight disease. Your immune system is controlled by eicosanoids and can be severely depressed by high levels of insulin, which promote the synthesis of “bad” eicosanoids that are immunodepressing.

These biological markers of aging affect everyone regardless of sex or race. What is important to note is the common theme: each biological marker of aging is profoundly influenced by excess insulin and its effect on other hormonal systems. Therefore reducing excess insulin becomes a critical factor in any anti-aging program.

You may be asking why other hormone levels are not considered biological markers of aging. After all, isn’t menopause caused by decreased estrogen? And doesn’t decreased growth hormone cause loss of muscle mass? Well, yes and no. Many hormones do decrease with age, but others do not. Some, such as insulin and Cortisol, can increase; others remain relatively constant. Therefore hormone changes per se may be secondary markers of aging. As an example, the levels of growth hormone decrease dramatically with age. However, if the pituitary gland (the source of growth hormone) is properly stimulated, then growth hormone secretion quickly rises to the same levels produced in your youth. So it’s not a decrease in growth hormone levels as much as a decreased response to hormonal signals that accounts for the drop. Thus, the lowered levels of growth hormone when we age (as well as many other hormones) are simply a secondary consequence of a primary mediator of aging: hormonal miscommunication. In fact, all of the measured biological markers of aging may be thought of as a growing degree of hormone miscommunication (facilitated by excess insulin) as we age.

Understanding how hormones communicate biological information and improving that communication becomes the foundation for developing a practical anti-aging program.


CHAPTER 4

HORMONES:
THE SHORT COURSE

Hormones—everyone has heard about them, but very few know much about what they do. As it turns out, understanding hormones (and really the communication between hormones) is essential to understanding the aging process. Fortunately, many of the hormones that are key to successful anti-aging are under your direct control.

So the first question is: What is a hormone? The word hormone is derived from the Greek word hormao which means “I arouse to activity.” A hormone is a biochemical messenger that is basically a molecular call to action that can work with incredible speed, complexity, and specificity to communicate information. If anything goes wrong with that complex hormonal communication system, you begin to age far faster than you should. Alex Comfort, one of the early pioneers of the study of aging, stated that aging is “an increased liability to die.” Therefore any breakdown in your hormonal communication systems will have negative consequences on your longevity by increasing the likelihood of death.

The study of hormones is called endocrinology. However, a better definition of endocrinology is the study of biological communication systems. From that perspective, endocrinology has a lot in common with any communication system that you access when sending information at a distance.

Hormones are the core of your internal communication system. Their evolution was caused by many of the same factors that have made your local telephone company become much more high-tech over time to meet the demands of today’s advanced communication needs. Take for example, the car phone. Imagine that your car phone had to have a telephone cord stretching from the car to your home’s phone jack. Obviously, this would have to be a very long cord to enable your car to drive any significant distance from the house. That might be OK if you are the first on your block with a car phone, but what if your neighbor wants one too. And then what if everyone on your block wants one, then everyone in the city. You can quickly visualize the mass of phone wires entangling, if not choking the system, and most likely they will be pulled out of their jacks. What you need is a new type of communication system that allows you to use the phone in your car with the same ease as the phone in your home. This is exactly what the telephone companies developed; a wireless system that can send telephone signals effortlessly to your car and enable you to maintain contact with distant points very easily. Five hundred million years ago, Nature faced a very similar problem. That problem was how to better improve cellular communication at a distance.

As long as life consisted of single-celled organisms, communication from one part of the cell to another wasn’t too difficult. A chemical signal could be made in one area of the cell and then simply diffuse to another part of the cell to report what was happening on the other side. Now it becomes more complex when you have two cells trying to communicate with each other. A new communication system was required for greater sophistication to ensure that a number of the same type of cells could work together in harmony if the biochemical message leaving the cell could hopefully be picked up by another cell. These processes are called exocytosis (leaving the cell), and endocytosis (entering the cell). If all the cells are the same, this system works reasonably well (depending on how many cells have to be informed of new events). And the biochemicals that are moving from cell to cell are called biological response modifiers. Simply stated, this means they are messengers that tell neighboring cells that something is happening nearby; they also have the ability to modify the biological response of the cell with which they are interacting. But this is like being on an island and sending messages in bottles to other nearby islands hoping they all arrive at the same time.

As an organism becomes even more complex, this form of communication is just too haphazard. Different cells evolve with specific, specialized functions. They need a secure information pipeline so that the right information gets to the right location at the right time. Nature’s solution? Nerves that, like telephone lines, can hard-wire different parts of your body together for better, quicker, and more efficient communication.

But what happens when this nervous system becomes too unwieldy, like our analogy of car phones connected by telephone lines. To solve this problem, Nature developed an even more sophisticated system of communication known as hormones. For the sake of this example, let’s just say that hormones appear to be the biological equivalent of wireless communications. In reality they are far more complex.

Hormones require complexity to work because they filter information. The biological message they carry is not for every cell in the body, but only for specialized cells. How a hormone finds a particular cell is solved by having receptors in different parts of the cell that only recognize that hormone. These discrete receptors on or in the cell act as a lock-and-key system. If a cell doesn’t have a receptor for a hormone, no matter what message that hormone might carry, it can’t make the cell alter its biological response.

Sometimes one hormone will have multiple actions. Likewise, one biological function may be affected by many different hormones. For example, at least four different hormonal systems can be utilized to maintain blood glucose levels to ensure adequate brain function. Often adding to this complexity is a very complex feedback relationship between the hormones in the bloodstream and the hypothalamus that governs their levels.

Now that you have some basic ideas on how hormones communicate, let me explain how they operate in a little more detail. Most hormones convey their information by using the superhighway of the body; the bloodstream. Known as endocrine hormones, these hormones move very quickly from their site of synthesis to their point of action using the bloodstream as their transportation highway. Familiar endocrine hormones include insulin, Cortisol, growth hormone, thyroid hormones, estrogen, and testosterone. All are made in a very distinct gland or organ and then released into the bloodstream to locate their target tissues—interacting with a discrete receptor on a specialized target cell and then delivering a very powerful message to the target cell to take action.

All endocrine hormones arc ultimately controlled by the body’s own “Wizard of Oz,” also known as the hypothalamus. Located deep within the brain, the hypothalamus is continually receiving signals from the body (i.e., temperature, blood pressure, blood glucose levels, hormone levels, etc.) through connections to the central nervous system. Depending on these continued dynamic inputs, the hypothalamus then secretes what are known as hormone-releasing hormones, which travel a very short distance through a direct connection to the pituitary gland. Although the pituitary gland is in the brain, it is one of the few of its parts that is in direct contact with the bloodstream. This tiny gland makes ten different hormones that can be released directly into the bloodstream depending on the amount of releasing factor secreted from the hypothalamus. Some of these pituitary hormones (like growth hormone) directly enter the bloodstream. Other hormones that leave the pituitary seek out target tissues in the adrenals, thyroid, ovary, and testes, releasing still more hormones that affect the final hormonal action on cells.

As these secondary hormone levels from the distant glands rise in the bloodstream, they signal back to the hypothalamus via sensors in the central nervous system. Finally, to complete the cycle, the hypothalamus through its sensing mechanisms registers the rising hormone levels (which it dispatched in the first place) in the bloodstream. The hypothalamus can also sense the final biological action, which the released hormones were intended to initiate when they first began their journey. In either case, once the hypothalamus gets wind of what’s happening, it shuts down the production of the specific releasing hormones temporarily stopping the pituitary from secreting any more of that particular hormone. This complex feedback communication system is your hormonal lifeline. The better it functions, the slower you age. The less efficiently it functions, the more rapidly you age. The central role of the hypothalamus is shown in Figure 4-1 on page 28.

It should be obvious from this figure that to make this communication system work flawlessly, all the parts must work in tight harmony. Any miscommunication in this system is like a weak link in a chain that leads to hormonal chaos and accelerated aging.

But the hypothalamus, pituitary, and the glands in the adrenals, thyroid, ovary, and testes are not the only places where hormones are made. They are also produced in the pancreas, the pineal gland, and in the glands located in the throat. In fact there are nine known groupings of endocrine hormone glands. Three are in the brain (pineal, pituitary, and hypothalamus), three more are in the throat (thyroid, parathyroids, and thymus), two are in the abdominal region (adrenal and pancreas), and one is in the gonads (testes for males, ovaries for females). And they vary in size from the pancreas (which weighs about three ounces) to the pineal (which is about the size of a grape seed). How these sites process incoming information and send out the corresponding hormonal messengers is an extremely sophisticated and precise communication system (see Figure 4-2 on page 29).
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Figure 4-1 Hypothalamus is the Starting Point for Most Endocrine Hormones
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Figure 4-2 Major Glands that Produce Hormones

Now let’s add to the complexity of this communication system by talking about hormonal axes. Hormones are like a thermostat in your house. They maintain biological functions within tight zones. To do this effectively, sets of hormones often have opposite physiological functions, so that their constant battling will keep a particular biological function within a zone. When sets of hormones act like this, they are called an axis. To make this concept clearer, visualize the axis that goes through the earth. At the extremes of the axis are different seasons. When it’s winter in the Northern Hemisphere, it’s summer in the Southern Hemisphere. Between these two extremes lie the Tropics, where the temperature is fairly uniform year round. The farther you move from the center of this axis, the greater the seasonal variations in the weather. This is what hormonal axes do. They keep a particular biological function within a zone, and the farther you move from the center of that axis, the more variations you find in that biological function.

For example, the control of blood glucose is critical for optimal brain function. The primary hormonal axis that controls blood glucose is the insulin-glucagon axis. Insulin drives down blood glucose, glucagon raises blood glucose. As long as these two hormones are balanced in their opposing physiological actions, blood glucose is stabilized and brain function is optimal. On the other hand, if this hormonal axis becomes unbalanced, brain function suffers. An everyday example of a disruption in this axis occurs after eating a big bowl of pasta for lunch, then almost falling asleep three hours later. The carbohydrates in the pasta have stimulated a rapid release of insulin into the bloodstream and that drives down blood glucose levels. Unfortunately, the pasta contains very little protein that is required to stimulate the hormone glucagon which, in turn, raises blood glucose. The end result is that your pasta-rich meal has temporarily disrupted the insulin-glucagon axis, which makes you sleepy due to a significant drop in brain function because its primary fuel (blood glucose) is no longer available in optimal amounts. Even more complex axis systems include the hypothalamus-pituitary-gonad and hypothalamus-pituitary-adrenal communication loops because they have more numerous control points within them.

Hormonal axis systems are a relatively recent evolutionary development because only very complex biological systems require such tight controls. The less developed an organism, the less likely these hormonal axis systems are necessary. This is why endocrine hormones also represent a much more recent evolutionary development than the first hormones developed by living organisms, which are known as autocrine hormones.

Autocrine hormones are released from a cell and then come back to act upon the same cell or its immediate neighbor as long as the appropriate receptor is in the membrane of the target cell. They don’t need to travel through the bloodstream to find their target tissues since the target is right next door. Although these were the earliest hormones developed by Nature, they remained the most resistant to study until very recently because they can’t be sampled in the bloodstream (since they don’t use it), they work at vanishingly low concentrations (because they are so powerful), and they self-destruct in seconds (their call to action is too intense to persist). Eicosanoids derived from dietary fat are among the most powerful of these autocrine hormones.

Between the extremes of endocrine and autocrine hormones in both complexity and evolutionary development are the paracrine hormones. These hormones are usually controlled by discrete channels or physical structures to ensure that they are not circulating over a wide area. Typical paracrine hormones include the releasing hormones that travel from the hypothalamaus to the pituitary via a stalk (really a defined duct known as the hypophyseal portal vessel) or neurotransmitters (like serotonin) that are released by a nerve, then cross a small space (known as the synaptic junction) to interact with another nerve in order to generate a biological message.

These three types of hormonal systems (endocrine, autocrine, and paracrine) constitute your biological communication system; all three components must work in concert if you plan to reverse aging.

Because hormones filter information, have elegant feedback control systems, and relay discrete information that is encrypted for only specialized cells, it’s best to visualize hormones as the biological equivalent of the Internet, only more complex. We think of the Internet as a very complex monument of information transfer. And in many ways it is. More than 40 million people are currently using the Internet, trying to communicate a wide variety of information in real time. Now try visualizing 60 trillion cells trying to communicate much more complex information with each other. This is what happens every second within your body. Just like the Internet, all this biological information has to go through a central server that relays the information with fidelity to other parts of the body via hormones. If anything happens to that central server, the information on the Internet becomes a cacophony of meaningless information. Similarly in your biological Internet, there is a central server (the hypothalamus) that is the key to maintaining the fidelity of hormonal communication flow (see Figure 4-3 on page 32).

However, the communication fidelity of hormonal messengers to and from this central server is maintained by a backup system that is controlled by autocrine hormones. The more efficiently these autocrine hormones work, the better the communication between cells and the hypothalamus becomes. The end result of this improved communication is a slowdown, if not reversal, of the aging process. Fortunately, the key autocrine hormones of your biological Internet, are eicosanoids, which can be controlled by diet. Knowing how to use your diet to maintain the fidelity of information transfer to and from the central server (i.e., hypothalamus) throughout your biological Internet becomes the molecular basis for creating a successful anti-aging program.
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Figure 4-3 Your Biological Internet

The fact that diet plays such a critical role in hormonal communication doesn’t seem to be very high tech. Likewise, the role of food in evolution is also overlooked. There is a growing body of knowledge that looks at food as an important evolutionary driving force. How to obtain food more efficiently, how to digest food with greater ease, and how to make better use of the energy contained in food become primary factors in determining evolutionary pathways. Obviously, the more well-nourished an organism, the more likely it will pass its genes to the next generation. From this viewpoint, organisms that developed more sophisticated hormonal systems based on the food they ate had a better chance of survival and were more likely to pass on their genes. Therefore, not surprisingly, those hormones directly regulated by the diet will have the greatest effect on survival and therefore the greatest potential for anti-aging if you can optimize their performance.

How food controls the communication between hormonal systems is the foundation of your anti-aging strategy. While it may be impossible to extend your maximum life span, you can improve longevity and maintain your functionality by increasing the mortality doubling time. How that can be achieved requires some understanding of the actual mechanisms that cause aging.


CHAPTER 5

MECHANISMS OF AGING:
THE FOUR PILLARS OF AGING

Aging is pretty simple to define. It’s the general deterioration of the body over time. This rate of deterioration can be quantified by the mortality doubling time. In addition, 40 years of research has given us an insight into the biological markers of aging. But what are the molecular mechanisms behind aging? What happens in our bodies at the cellular level that causes the changes in these biological markers? Once unifying factors for various mechanisms of aging are identified, then you can devise an anti-aging battle plan that allows you to attack the aging process at its molecular core.

It has often been said that there are almost as many proposed mechanisms of aging as there are researchers in the field. This is because what is termed as aging is really a multifactorial process with no one single control mechanism. This means that several processes are probably occurring on simultaneously that result in aging. However, I believe that if you carefully distill all the mechanisms of aging, you find consistent themes that lead to what I describe as the four pillars of aging, So what are the pillars of aging? They are as shown in Table 5-1.


TABLE 5-1

Four Pillars of Aging


	Excess insulin


	Excess blood glucose


	Excess free radicals


	Excess Cortisol






The reduction and eventual control of the pillars of aging are the keys to successful anti-aging. More important to you, each can be lowered through diet and lifestyle within a very short period of time.

Most of this chapter is devoted to detailing various mechanisms of aging and how they are related to one or more of the four pillars. If you want to know how to reduce the four pillars of aging with your next meal, you might want to jump forward to the next chapter. On the other hand, if you are interested in the details of how various aging mechanisms define the four pillars, then read on.

How do you measure the success of any anti-aging program? By reversing the biological markers of aging, but ultimately by increasing the mortality doubling time. Although mortality doubling time was discussed briefly in an earlier chapter, it is worth reviewing since it is my definition of anti-aging. Mortality doubling time for a given age after reaching adulthood (let’s call it x), is how many years (let’s call that y) that have to go by until the mortality rate is doubled. Today in America that number is about 8 years. This means if you are 40, then your likelihood of death will be twice as great at age 48. It also means that your likelihood of death will be four times as great at 56, and 16 times as great at age 64. The older you get, the greater the increase in the likelihood of dying. This is how insurance companies establish their premiums. It turns out that the doubling time for human mortality has been fairly constant after age 40, averaging between 7 and 10 years (after subtracting out mortality due to accidents and
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	      PILLAR OK AGING
	MECHANISM



	Excess Insulin
	Increased calorie consumption
Increased DNA turnover



	Excess Blood Glucose                          
	Increased AGE formation
Neural death in VMN



	Excess Free Radicals
	Increased calorie consumption
Increased AGE formation



	Excess Cortisol
	Neural death in the hippocampus
Decreased eicosanoid synthesis
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