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PREFACE

This is a book about aging. It will challenge everything you ever thought about the subject.

First, We Live Too Short and Die Too Long will challenge the boundaries you probably place on the human life span. Exactly how long do you expect to live? The life insurance industry bets that for most of us it will be 75 years. But you’re an optimist, right? So you’ll plan on beating the odds and reaching your nineties. I contend, as do other scientists who have studied the dynamics of human life, that both of those estimates are far short. Several lines of evidence clearly place the human life span at a remarkable 120 years.

I will detail my case in the chapters that follow; but for now, the most convincing facts may be those which are the most simple. Newspapers in Oakland, California, recently reported the death of local resident Arthur Reed, age 124. In Asan, Japan, Shigechiyo Isumi died on February 21, 1986, in his 121st year. Such longevity provides an inescapable inference—what is possible for one is possible for others.

That’s quite a leap from the time of the first Caesar, when human life expectancy was 25 years; or from the beginning of the twentieth century, when the average American lived to the age of 49. Traditionally, this increase in life span has been explained by factors such as decreased infant mortality, eradication of communicable disease, and improvements in both nutrition and public hygiene. These most certainly are significant developments, but they only skirt the periphery of a more fundamental fact. We live longer because we are designed to live longer. And when we control anomalies such as disease, trauma, behavioral maladaptation, and self-destruction, the natural order of our lives prevails.

Expanding our definition of longevity means expansion of terms such as middle age and old age. For example, if you are now 40 and a member of that bold, exceptional generation known as the baby boomers, you’ve been told by much of the media that you are reaching midlife. I challenge this contention. With prudence of prevention and health maintenance, you should think of yourself at a much younger life stage—capable of living far longer, and in a far more healthy status, than did your forebears. In essence, the opportunity to experience these additional years can be thought of as a “gift of found lifetime.”

Still, some may fear this gift because of misconceptions regarding the physical nature of the aging human body. This is the second and perhaps the most important way in which my book will challenge you.

Imagine now that you have reached the magic centenarian mark. How do you envision the quality of your life? Are you climbing a tree or a mountain; or living numb in a nursing home, praying for death? I believe the fear of being old and infirm is what keeps us from being old and healthy. My hypothesis comes as a physician who for decades has watched with astonishment as his patients actively avoided all manner of preventive health care. As our knowledge of aging rapidly advances, such a tragedy is unnecessary, wrong, and inappropriate. I am not speaking now of medical technology, for I do not believe we will find miracles in youth pills or in physical gadgetry. I believe the miracle is with us today. This is because much of what passes as age change is really not due to age at all—but to disuse. Put a broken leg in a cast and in a few short weeks it will wither and appear as a leg many decades older. Similarly, all of our bodily functions—digestive, cardiovascular, respiratory, sexual, and mental—are highly keyed to use. “Use it or lose it” is far more profound than its colloquial tone suggests. Thus, the length of life is determined much by its content. Will you—will we—be a liability or a resource? The issue becomes not just how long or how well, but how long and how well. Quality of life and length of life cohere.

Others have described life span as a bell-shaped curve, growing to fullness and richness, only to decline into age and dependency. I deplore the decremental model, preferring instead to think of life as a “square-edged existence”—passionate and forceful to the end. We may achieve the square-edged existence only when we appreciate this remarkable final stage just as we have learned the joys of every other stage of life. A child takes his first steps, and we are exalted. The stages of later life can and must obtain this same status in the human experience.

A dominant source for my thesis on aging comes from my father, a physician before me, whose vision and wisdom perpetually reveal themselves to me—particularly as I sense that I have just derived a new and precious insight, only to discover that Father had preempted my discovery by decades. In his book, Creative Aging, he defined man as a Converter of Energy, an Intellectual Catalyst, an Emotional Dynamo, and a Spiritual Wanderer.

Such description, to me, was inspired and encompassing.

Aging is neither disease nor villain—that which must be cured or vanquished. Aging is a part of our natural growth process.

My father, when asked, “Dr. Bortz, how do you prevent aging?” replied, “I’m not interested in arrested development.”

Such an intrinsic and developmental process is in communion with the anthropological history of our species and the physical laws of our universe. When we can view aging from this perspective, it is no longer something to fear or avoid. Our responsibility, upon receiving the gift of found lifetime, is then to acquire the most and the best that aging can offer.

“But what of the body?” you may persist. “Even if the spirit is bold, the body will falter.”

Mark Twain, in Letters from the Earth, wrote, “Man seems to be a rickety poor sort of a thing. He is always undergoing repairs. A machine that was as unreliable as he would have no market.”

I intend to explore these flaws in the human condition—our foreshortened life span and our protracted demise. My examination will search out evidence drawn from hosts of sources. I will present to you only the best of the research—both those discoveries which have served as historic benchmarks and those which are just now on the outer frontiers of our medical understanding.

Using anthropologic and thermophysical concepts, as well as examples from my clinical experience, I intend to trace the logic of our natural life span. For example, one perspective comes from my research in Africa into physical exercise as an evolutionary force. Over 4 million years ago the biologic transition from the shelter of the jungle canopy to the open savanna was the most important journey of our existence. I propose that the plain was a new ecologic niche for which we had much preadaptation. What set us apart from competing species and allowed us to endure with otherwise modest physical endowments was the unique ability to run long distances in the heat. “Persistence hunting,” as it has come to be called, was—and is—our innate ability to run down food (in early times, the plains antelope) simply by keeping it moving in the midday sun. Such long, hard running is an activity most of civilization has forgotten. Our biologic selves have not.

As I have said, this is a book about aging. More important, it is a book about living. The story of one is the story of both. It will prove to you that you are capable of living to the ripe old age of 120. It will explain why many of us will not. And it will show the rest of us how to do it.

Others have experienced their Golden Age or their Industrial Age. We have entered the “Age Age.”



We cannot paint our Mona Lisa and leave
the last third of the canvas blank.
We cannot build our house and leave off the roof.
We cannot run our race and stop before the final lap.
We cannot have dinner without dessert.
We cannot sing our Battle Hymn without the
“Glory, Glory, Hallelujah.”
We should sing all our song.
W. M. B.




ONE
ONE MILLION HOURS


To know how to grow old is the master-work
of wisdom, and one of the most
difficult chapters in the great art of living.

Henri Amiel



Old age is new. There has never been anything like it before—at least to any substantial degree. It is the ultimate epidemic. There have been occasional old people before, but not like this. In 1900, there were 123,000 persons in America over 85 years of age. Now there are 3 million. By 2050, some estimates predict there will be as many as 50 million. That’s 16 percent of the population, compared to 1 percent now. Talk about a “megatrend”! In that same year, all of my four children will be over the age of 85. I will be 120.

How can this be? Let me begin by considering a machine—the perfect machine. Its cogs and pulleys are meshed to ultimate efficiency. Its struts and joints are sturdy. Its utility is manifest; its fuel is plentiful; its maintenance is negligible; its cost of production is minimal; its raw materials are abundant. It is friendly, versatile, and adaptable, and its operation is perpetual—or, failing that, its final disruption is abrupt.

Measured against such a design, the human body rates poorly. True, production costs are low, delightfully so; and maintenance and fuel costs are manageable. In its early years it is capable of wondrous efficiency. But a manufacturer would balk at the expense of a body’s repair. It rusts out before its projected useful life is spent, and its final breakdown costs too much and takes far too long. The report of an industrial consultant would conclude that the human machine doesn’t last as long as it is designed to last, and that its terminal operation is characterized by expensive decay and intolerable inefficiencies. The consultant would wonder whether these defects are secondary to blueprint errors (nature) or to environmental mishaps (nurture).

THE AGE AGE

More than one historic epoch has been labeled a “watershed moment.” Each was a cohesion of population dynamics and environmental challenge which provided a change in the course of human history. Each altered the mechanisms and direction of evolution. They are the monuments of punctuated equilibrium. Historians seem to take delight in identifying certain parts of our species’ calendar by “age labels.” We have had the Stone Age, the Bronze Age, several Ice Ages, the Agricultural Revolution (which Dr. Richard Leakey claims represents the single most significant event in human history), and the Industrial Revolution. With some pride and justification, the historians have already labeled our current epoch the Space Age. However, with equal propriety, appropriateness, and sense of history our time can be called the Age Age. This definition of our contemporary era derives its force from two elements: first the sheer number of old people alive today, and second, and more important, the fact that we have for the first time a soundly based idea of how long we are meant to live, and the forces which disrupt this logical extent.

In the past, death appeared randomly, as an unexpected event, like a dish breaking in the dishwasher. Until now, growing old was an accident, a survival based upon chance rather than design. Everything was foreshortened. As a child I regarded my 70-year-old grandparents as extremely old—now, fifty years later, the seventies are increasingly acknowledged as part of middle age. For the aboriginal being—as well as for the animal—old age was the unlikely result of having survived myriad hostile encounters with unknown hazards and unexpected events. Daily existence was precarious. No one knew how many tomorrows there were to be or how to define a coherent life pattern. Such ignorance bred fear; and this accounts for much of what we see today as a starkly negative imagery concerning aging.

It is time for us to change. Present knowledge has expanded sufficiently for us to glimpse our entirety—to estimate the ultimate potential of the human life span.

WHAT IS THE HUMAN LIFE SPAN?

An animal may grow old in the wild, but not often. Accidents and predators keep the old members few. Evolutionary theory would predict that the onset of age and protracted weakness would not serve the survival of the species. History’s great killers—famine, pestilence, lust, and war, the four horsemen of the Apocalypse—are largely controlled. New killers—arteriosclerosis, cancer, and automobile accidents—emerge. But if all external influences were eradicated, how long would it take for our machine to self-destruct? In the past, most people died young. Now most people have the chance to grow old. In 1960, there were 3,000 centenarians counted in the United States. In 1980, there were 32,194. There will be 1 million Americans over the age of 100 in the year 2050, and 1.8 million in 2080. Kenneth Manton, a scholar and demographer of aging at Duke University, calculated that 1 percent of male boys born in 1975 can expect to reach the age of 105, and 1 percent of female babies born that same year will live to 110.

My own clinical experience is reflecting the trend. Presently, I have in my practice eight centenarians, the oldest of whom is 103, spry, and coquettish. I have had the opportunity to care for one person who was 108 when he died. I have cared for thousands of persons in their nineties. Before her death at nearly 95, my mother still went to baseball games and traveled independently.

HOW OLD IS OLD?

For how long is our machine designed to run? The 1989 edition of the Guinness Book of World Records observes, “… no single subject is more obscured by vanity, deceit, falsehood, and deliberate fraud than the extremes of human longevity. Extreme claims are generally made in behalf of the very aged rather than by them.”

A few years ago our attention was drawn to three population groups, one in Hunza (a region in northern Pakistan), one in southern Russia, and one in Ecuador.

An article in National Geographic by Dr. Alex Leaf, of the Massachusetts General Hospital, told of these peoples—many of whom were said to be living healthy, active existences until age 130 and beyond. Shirli-baba Muslimov of the Russian republic of Azerbaijan was said to have died at the age of 168. Commissar Stalin, a Georgian, supported the claims. The state bureaucracy hastened to advertise this endorsement for the virtues of communist living. The story had a lovely, bucolic Shangri-la flavor to it. Unfortunately, it wasn’t true. Careful examination of these groups has revealed that the longevity of these persons was due to exaggeration rather than to some particular invulnerability or salutary lifestyle. Zhores Medvedev, an expatriate Russian gerontologist, did much to debunk the legend by revealing the inaccuracy of the records and the incompatibility of the observed events with the reported ages. It was noteworthy that all of the “old” Russians were men who had likely taken their fathers’ names in order to avoid conscription.

In 1979, Richard Mazess and Sylvia Forman, of the University of Wisconsin, studied reports of extreme aging among the native population in Ecuador. The scientists worked meticulously to construct genealogical lineages and precise dates, but ultimately found no one over the age of 86. The explanation: the Ecuadorians achieved heightened status by claiming to be very old.

One of the most celebrated oldsters of all time was Old Tom Parr of Shropshire, England. His headstone in Westminster Abbey gives his dates as 1482–1635 and notes that he lived in the reigns of ten kings. However, the attribution of Parr’s age actually came from a confounding with another Tom Parr, two generations younger.

Social Security records in our own country indicate that Charlie Smith was born in Africa in 1842 and was still alive in 1980. More recent documents, however, revealed that this too was an overstatement. Mr. Smith was only 101, not 138.

The mythical Shangri-la remains undiscovered. The “supergerons” weren’t.

Documentation of true age is a relatively new practice, even in civilized countries. For example, there were no written records in Russia before 1932. Most age records must be deduced from corollary events and likelihoods thereby constructed. On a recent trip to Borneo I sought out evidences of those of long life. A few centenarians were claimed, usually dating their age and activities from the time of the Japanese invasion in 1941. I was fascinated to learn, however, of a Dayak who recalls the eruption of Mt. Krakatoa, in 1883!

HOW LONG ARE WE ACTUALLY LIVING?

Today, most of us live to approximately 75 years of age—slightly longer than the biblically predicted three score and ten. Meanwhile, scholars continue to search for proof of our upper limits. My Stanford Medical School colleagues James Fries and Lawrence Crapo published a fine, thoughtful book called Vitality and Aging, in which they muster evidence which indicates to them that our life expectancy is 85 years. This wouldn’t give us much extra time to shoot for. More recent actuarial data seem to indicate that many of us are approaching or exceeding this projected end point. Concurrently, Dr. George Sacher has observed that there is a correlation between the life span of a number of animal species and their body and brain weights. Smaller animals with smaller brains have proportionately shorter lives than do larger animals with larger brains. Using this approach, he has calculated that mankind’s maximum life span is approximately 90 years. In fact, both estimates are too low.

In a 1986 article from The Aging Society, Jacob Siegel and Cynthia Taeuber (citing data from the Census Bureau) wrote: “If the average annual rates of decrease in age specific death rates recorded in the years since 1968 continue to prevail in the coming 65 years (to 2050), the average life expectation would approximate 100 in that year.”

HOW LONG ARE WE MEANT TO LIVE?

Dr. Robert Butler, first director of the National Institute on Aging and long recognized as a master in the field of gerontology, has said, “We haven’t found any biologic reason not to live to 110.”

I’ll go a bit further. It is my best estimate that our biogenetic maximum life span is 120 years—approximately 1 million hours. This means that at birth we have the capacity to live that long—presuming that nothing happens to us in the meantime. The lines of evidence that lead to this conclusion are several, and while no single one can constitute definitive proof, taken together they achieve a high level of probability. Such reasoning is termed the Principle of Invariance. If it rains for seven days straight, it is likely that it is the rainy season. One or another rainy day doesn’t imply this; but when a whole week is wet, the conclusion is inescapable.

Using this principle, I find five lines of evidence to support my thesis. These are: observational data, biostatistical maneuvers, the correlations between longevity and skeletal maturation, studies regarding the decline of vital organ function, and research into the longevity of cells in controlled environments.

Observational Data

The first reason to state that 120 years is our longest life span lies in the fact that some of us are living that long.

I spoke earlier of Arthur Reed, who died at 124 years of age. He rode his bike on his 100th birthday, and he held a job until age 116. He was born the year Lincoln was elected; his mother had worked as a cook for the Union soldiers. He was loquacious and feisty until the time he died. He was made of “good dust.”

The Social Security Administration accepted Reed’s age as valid, but apparently the Guinness Book of World Records has not. Their latest edition lists Shigechiyo Isumi of Asan, Japan, as the oldest person, having lived from June 29, 1865, until February 21, 1986 (120 years, 237 days). I have corresponded with his physician, Dr. Yoshinobu Moriya, who reported that Mr. Isumi was healthy until the end of December 1985. “He was willing to shake hands with many visitors, especially with young ladies. Many thought that this custom was a moment [sic] for his longevity,” the doctor said. Mr. Isumi also moderately drank a local sugar cane wine. His death was listed as being due to pneumonia, and heart and kidney insufficiency.

After Isumi’s death, various editions of Guinness listed Anna Williams of Swanson, Wales (age 112), Birdie May Vogt of Akron, Ohio (age 112), and Carrie C. White (age 115) of Palatka, Florida as the world’s oldest people. At the same time, the United Press International was reporting the oldest known living American to be Susan Bronson of Roosevelt, New York. The daughter of a slave, Mrs. Bronson celebrated her 116th birthday in 1986. Newspaper accounts reported that she bowled until she was 105 years of age; that she had outlived all but her youngest child (age 80); and that she had seven grandchildren and more than thirty-five great-grandchildren. Mrs. Bronson told the reporters that she was born in Bamburg, South Carolina, on December 25, 1870—while Ulysses S. Grant was president.

Then, in February 1989, UPI reported that William Duberry of Summerville, South Carolina, was celebrating his 119th birthday. Duberry, who was 6 years old when General George Custer had his last stand at Little Big Horn (1876), said that he hadn’t applied to Guinness for recognition and he “doesn’t plan to.”

Biostatistical Maneuvers

Thousands of people are crowding upward; and as worldwide birth records improve, others of long life will be identified. It must be emphasized that these long lives are being achieved despite the continued presence of major health hazards such as environmental pollution, an excess of fat intake, and sedentary life styles. The Japanese have the world’s longest life expectancy despite a very high incidence of stroke; and this brings us to a second line of reasoning. In a statistical projection, the California State Department of Health constructed a scenario in which it was presumed that one or another of our major killers had been eliminated. The results were quite revealing. For example, when such a hypothetical prevention of arteriosclerosis is applied, the average female achieves an expected life of 100 years. The figure of 120 is consistent with this projection.

Other such projections have been constructed by Kenneth Manton, of Duke University. By analyzing extensive U.S. Census data he calculated that in 1982 the “life endurance” of American white females was 114 years and still rising.

In The Medusa and the Snail, Dr. Lewis Thomas wrote, “Mankind will someday be able to think his way around the finite list of major diseases that now close off life prematurely or cause prolonged incapacitation and pain. In short, we will someday be a disease free species.” Having risen to such an exalted and extended state of grace, Thomas goes on to ask, “Then what? How can you finish life honorably and die honestly without a disease?”

If our research scientists can provide us with the master protocol to eliminate disease—the ultimate vaccine—it seems to me that 120 years is the logical end point. This presumes, of course, the lack of self-destruction and of accidents—but most of those are preventable as well.

Longevity and Skeletal Maturation

George Buffon, a noted French biologist who predated Charles Darwin, observed a close relationship between the time of skeletal maturity and life span across a broad range of animal species. The intense relationship between growth and life will be elaborated upon later; but in general terms, large animals live longer than small ones. Specifically, when Buffon made his study, he recognized that animals tended to live six times the period needed to complete their growth. When one notes that skeletal maturity is reached in humans at approximately 20 years, the maximum projected life span of 120 years is affirmed.

More recently, Richard Cutler, of the Gerontology Research Center of the National Institutes of Health in Baltimore, has calculated the mean lifetime potential (MLP) of a number of animal species. He finds that longevity is related to the rate of development, length of reproductive period, maximum caloric consumption, and brain size. The MLP varies 50-fold over the animal range, from 3 years in the house mouse to 20 years for the dog, 70 years for the elephant, and 100 years for the whale. Cutler calculates that with this refinement he can estimate mankind’s MLP at 110 years.

Importantly, the rate of aging in different species is also found to correlate with the MLP. For example, the loss of immune competence (or reactivity) in man and the mouse is inversely proportional to the MLP. Our capacity to reject foreign skin grafts also seems related to how long we can live. The older we become, the less able are our tissues to generate antibodies to offending agents. Physical vigor, resistance to disease, and numerous other functional markers are similarly related to MLP and (also according to Cutler) can be used to estimate man’s MLP as being 110 years.

How long an animal lives also correlates with the observed decline in vital organ function, which brings us to the fourth line of reasoning.

Decline of Vital Organ Function

All organs and all vital functions show a gradual reduction in capacity with the passage of time. The noted gerontologist Nathan Shock of Baltimore, Maryland, enlightened our awareness of this fact. These declines in function occur in the absence of disease and can be construed as true “age changes.” However, these changes are very slow and generally are in the range of a 1 percent decline per year after the age of 30. If one presumes 100 percent function at age 30, one notes that these changes do not become functionally important until past the age of 100. We know that most individuals operate perfectly adequately at 30 percent of maximum. In fact, it is at the approximate point of 30 percent function that most individuals begin to experience symptoms (such as shortness of breath) which would lead them to seek the aid of a doctor. My point is that for most individuals, much good function still remains at 100 years. A constant reminder of this occurs when an autopsy is performed to determine the cause of death. Presently most deaths are the result of a sharply localized problem: a hemorrhage, a block in a critical artery by a clot or a chunk of cholesterol, or a strategically placed tumor. The rest of the body is still intact and has not had the opportunity to live out its allotted time. In effect, no one has been shown to have died of “old age.” It is not a justifiable death-certificate diagnosis—no matter at what age the person dies. In summary, as the decline in vital body function is plotted against time, none becomes limiting to life until 110 or 120 years.

The Longevity of Cells in Controlled Environments

Leonard Hayflick, good friend and brilliant scientist, has given students of aging the single most critical observation in gerontologic research. Until 1974 it was thought that individual cells, when grown artificially in a synthetic culture medium, were capable of indefinite life—the cells would continue dividing ad infinitum. The reference experiments were those of surgeon and Nobel laureate Alexis Carrell, who incubated chick embryo cells in tissue culture medium. He observed that these cells kept dividing interminably, leading to the suggestion that aging, at the cellular level, did not occur. If the whole is no more than the sum of its parts, the Carrell observation lent hope to the immortalists’ claims. The experiment was terminated after 34 years; and unfortunately, the experiments were flawed and unreproducible. The seeming eternal life of the normal cells was due to contamination of the culture media. (Cancer cells, on the other hand, do seem to have a limitless capacity to divide and reproduce. And this paradox deepens both our awe of the mystery and our determination to find its key.)

Hayflick contributed to this disproof. He found that DNA can replace itself only a certain number of times and that this number is species specific. How long a species lives correlates with the number of cell doublings, reflecting again Buffon’s intuition some 100 years ago.

As Hayflick took nests of human fibroblast cells (those found in connective tissue such as cartilage), clearly only a specific number of cell divisions occurred before the cells started to show signs of aging and stopped dividing. They died after about fifty divisions. If we graph the maximum life span versus the number of all cell divisions, from the mouse to the Galapagos turtle, man’s MLP (maximum lifetime potential) would be 115 to 120 years. Cells taken from 90-year-old subjects still have further (ten to fifteen) doublings. Cells taken from older donors showed correspondingly fewer divisions before senescence and death set in. When one takes the number of total cell divisions and multiplies it by the cell life of each cell, one calculates roughly 120 years as the theoretical maximum cell life of cultured human cells.

Hayflick observed, as others have before, that when tissue from older animals was grafted onto younger animals, the cells from the grafts died before the younger animals did. Hayflick personally resists making this predictive calculation, reasoning that what happens in tissue culture need not apply to the whole organism. However, I must champion a different interpretation. When his evidence is placed in context with other, very different avenues of observation, and all are found to be internally consistent—then I would argue, by the Principle of Invariance, that the point is made!

These five separate lines of evidence constitute strong evidence that our endowed birthright, or maximum life potential, is 120 years.

According to Edward Devey, of Yale, the Romans preempted this estimate by 2,000 years. From their ancient writings, Devey concluded, “Ten times twelve solar years was the term fixed for the life of man beyond which the gods themselves had no power to prolong it. The Fates narrowed the span to thrice thirty years, and fortune abridged even this period by a variety of chances against which the protection of the gods was implored.”

I have devoted my personal and professional energies to the study of aging. While pursuing this endeavor, the point which astonishes me most is that we—supposedly the most inquisitive and learned species on the planet—seem collectively uninterested in clearly establishing how long we are intended to live.

To have such a goal, to achieve some ready sight-point on our horizon, seems critical if—as the Oracle of Delphi and others before and since have beseeched us—we are to know ourselves. We vitally need to understand every human capacity, but most certainly how long it is that we should live. Expectation is a vital dynamic of human existence, and unless we have some blueprint to guide us, we surely will not achieve the potential with which aeons of evolutionary experiences have vested us.

WHAT IS THE NEXT STEP?

Bernard Strehler, noted gerontologist at the University of Southern California, predicted that unless the aging process differs in some mysterious and unforeseen way from the puzzles man has faced in the past, it is essentially inevitable that he will, before long, understand what causes us to age. Understanding carries with it the vital implication that we can begin to design a lifetime strategy for optimal aging. We can write a meaningful lifetime script. We will become both sculptor and marble. We will be the designer and the design. As the unknown is erased, the fears and myths of aging will fade.

In the November 1979 issue of Age and Aging, Mark Novak stated, “In the past religion or philosophy provided the context for discussing old age, but today these systems of explanation have lost their explanatory power. In their place we have turned to science for an understanding of aging.”

Thus, our next step may be to rid ourselves of the past.

OLD IDEAS ABOUT AGING

Throughout history, interest and involvement in the phenomenon of aging has been sparse. From Greek and Roman times, philosophers, alchemists, and other stray sorts periodically sallied forth on the mission to explore the significance of aging. All retired with fatalism and ignorance. Analytic insights have been constricted, mystical, and wishful.

For example, religious dogma has dealt endlessly with the phenomenon of death, but little with age. Aging as a religious theme has been invested generally with the notion that old age is a punishment for sins, original or otherwise. We have been made to fear the unknowns of death and disintegration. Depending upon the sin content of our earthly existence, hell, purgatory, or heaven has been offered as our ultimate path. Given this premise, gerontophobia was logical. Catastrophes such as the plagues which swept the world during times past were viewed as theologic events. Although most creeds generally include belief in immortality as an essential ingredient of faith, our yearnings for it have never seemed to carry much conviction. Our instincts for indulgence and self-destruction seem more deeply ingrained than are our hopes for longer lives. Alex Comfort wrote, “Public concern for longevity does not extend to making oneself uncomfortable.”

We seem to avoid the subject as much as we can. The youth cult is not a twentieth-century fixation. We have always exalted the young; aging has always been a taboo. Proust wrote that we tend to deal with aging only in abstract. Robert Butler, first director of the National Institute on Aging, says that we deal with aging like the Victorians dealt with sex. Erica Jong calls age an embarrassment.

Aging as a part of life has rarely attracted artistic or literary attention. Old age is underrepresented in cultural expression. The Picture of Dorian Gray, On Golden Pond, Cocoon, and Golden Girls are noteworthy exceptions. Shakespeare presented King Lear as that “ruin’d piece of nature.” Aging is not good box office. A recent article by Walter Goodman in The New York Times suggested that characters generally treat old age in “the comical-sentimental mode, easy to swallow, like the coated drugs that some old people live on.” Grandparents are usually presented as “doting and somewhat disconnected”—like a different species.

THE DOCTORS WHO PEDDLE YOUTH

My profession has contributed to the malaise in that the scientific study of aging has often been the province of charlatans and hucksters. Every imaginable incantation, potion, and surgical maneuver has been proposed in the name of rejuvenation. Much of this arose in the context of perpetuating or recapturing sexual capacities—potency for the male, physical attractiveness and secondary sexual characteristics for the female. Sex and ideas of aging are intimately mixed.

One such example concerns the legendary oldster Tom Parr. His autopsy, performed by the great anatomist and surgeon William Harvey, made particular mention of Parr’s “well-developed and heavy testicles.” For years this observation, along with the inaccuracy of Parr’s life span, has been taken as incontestable proof that there exists a relationship between longevity and the internal secretion of endocrine glands, in particular the sex glands. Around 1400 B.C., the Indian physician Susutra recommended that his patients eat the reproductive glands of young tigers to overcome impotency.

One thing the youth doctors have never lacked is creativity. On June 1, 1889, Professor Charles Eduoard Brown-Sequard, pupil of the godfather of physiology, Claude Bernard, addressed the Société de Biologie in Paris. Brown-Sequard was then 72 years of age. He described his personal rejuvenation (i.e., regaining his potency) after having injected himself with fluid extracted from crushed dog testicles. The reaction was intense. Soon physicians worldwide were injecting patients with extracts from various animals’ organs and glands. One such imitation therapy was the work of the renowned Serge Voronoff, an expatriate Siberian physician, who in 1900 felt that only monkey glands made effective stimulants. Monkeys became scarce shortly thereafter. Today the absurd notion that pulverized rhinoceros horn is an aphrodisiac has nearly doomed this noble beast.

In the United States, John Romulus Brinkley of Milford, Kansas, developed a technique for inserting whole goat testes into human scrota. It is estimated that from 1915 to 1942 he grafted 16,000 goat testicles.

The most incredible link in this chain of pseudoscience was yet to come. Back in Europe, a Swiss surgeon, Paul Niehans of Vevey, entered the field of rejuvenation. Niehans had studied with Voronoff, who had since fallen from esteem among his colleagues. Nonetheless, early in his career Niehans had grafted parathyroid gland tissue into a patient with parathyroid deficiency. The patient made an excellent recovery, thus baffling every conventional corrective remedy and prompting the amazing career which followed.

In 1948, Niehans began using cells from lamb fetuses for the purpose of rejuvenation. Before dying at the age of 86, Niehans had treated 40,000 patients, many of whom were world renowned. Winston Churchill, Gloria Swanson, and Somerset Maugham were among the most notable. Probably the most famous case was that of Pope Pius XII, who at age 78 summoned Niehans to Rome. The Pontiff was believed to be dying of gastric problems or some obscure kindred disorder, and upon two separate occasions Niehans guided him to recovery. The ranks of the faithful grew.

In April 1987 I visited the Niehans Cellular Therapy Clinic in Vevey. It is now maintained by his daughter, having previously split from the proprietor of the original clinic several miles away. The present facility is located in an elegant hotel on the banks of Lake Geneva and provides a glorious view of the Alps. The charge for the basic package of seven days, six nights was then 6,600 Swiss francs (approximately $3,000). The cellular therapy could be supplemented with “bioenergetic treatments” such as acupuncture (of the traditional Chinese, electric, and laser varieties), shiatsu (a Japanese treatment also known as acupressure), injections of procaine (a local anesthetic), and aroma therapy (consisting of massage and compresses with vegetable and plant essences). These cost extra.

Currently most of the clinic’s patients come from the Middle East and Central America.

I did not take the treatment.

The most famous of today’s youth wizards is Ana Aslan of Budapest. Her potion of Gerovital, vitamin H3, is composed nearly exclusively of novocaine (the common local anesthetic) and small amounts of benzoic acid and potassium metadisulphate. Among her patients Aslan numbered Nikita Khrushchev, Charles de Gaulle, and Ho Chi Minh. A recent full-page newspaper ad was headlined, Doctor’s Rumanian Youth Restoration Formulas Seem to Defeat Aging! The source is the Biomedical Revitalization Center in Lawrence, New York, which, for $39 plus shipping and handling, will send a month’s supply of Prozene 3, an “improvement of Gerovital.” But hurry, because “supplies are limited.” Unfortunately, neither Aslan’s nor Niehans’ patients have been shown to live to extraordinary old age—the oldest of Niehans’ followers is 92.

There is a reason, however, why youth doctors should make a difference. This difference is rooted in the placebo effect. As I will explore later, aging is to a major extent a quality of the mind, and as such is susceptible to a large degree of mental imprinting.

The situation is ready-made. The eager and susceptible come humbly seeking a gift of nature, the restoration or extension of youth. They are met by a strong, promising figure who holds out the possibility of new vitalities, recapture of lost opportunities, and revisit of yesterday’s horizons. The tactic is invested with sufficient hierarchical mystique to tempt and convince. Conviction is a major part of cure, and every controlled hard-science research project must factor in the reality of the placebo effect. The effect is at its most potent under just these circumstances. And as someone once wisely observed, no hometowners have ever been cured at Lourdes.

It is unfortunate that there are no sound studies of glandular therapy, Gerovital, or anything else which claims rejuvenation. One would presume that if the partisans of these immensely successful commercial enterprises were truly committed to the products and ideas they promulgate, they would seek confirmation of the effects in the scientific community by performing double-blind studies in which neither the subject nor the experimenter knows which is the real test compound. Sadly, the absence of such efforts implies that the youth practitioner cares more for the preservation of the mystique and its attendant rewards than for the assertion of real truth.

If the myriad anecdotes of the wonders of the youth doctors were valid, such examples would account for more than the placebo effect, which causes sugar pills to work 10 to 20 percent of the time (for whatever condition they are prescribed) merely because of the strength of positive thinking. Those who attend today’s health and beauty spas do so in an effort to find a second adolescence, a second puberty. The multibillion-dollar cosmetic industry feeds on their lust for rejuvenation.

WHERE IS THE HAND OF HARD SCIENCE?

Pseudoscientific approaches are the heritage of aging research because sound science has been slow to address the issue of aging. The word geriatrics—the medical aspects of aging—was first coined by Dr. D. G. Nascher in 1914. The National Institute on Aging was founded as recently as 1974, the last of the National Institutes of Health. The American Geriatrics Society was founded in 1942, the Gerontologic Society of America a short time later. To put this timetable in perspective—the American Medical Association was founded in 1843.

Still, geriatrics is part of the curriculum in only a minority of our nation’s medical schools. The first professorship of geriatrics was established at Cornell in 1978; the first department in a medical school, at Mt. Sinai in 1983. Geriatrics has no honored traditions. Everyone in the field is still a pioneer.

Until now, the issue of aging has not had significant impact on American social and political policy. When I recently traveled to Africa, I observed a different experience. Repeated inquiries of “How are you handling the old people?” were greeted by blank unresponsiveness. It seemed an irrelevant question. It wasn’t that there weren’t any old people (10 percent of the Kalahari bushmen are over 70 years of age), but they were not perceived as being a group set apart. Not a “them or us” situation—only “us.”

But for the Western world the emergence of the compelling demography listed at the beginning of this chapter creates an awareness and urgency which Anne Somers of Rutgers University has appropriately termed the “Aging Imperative.” We face this imperative ill armed, without a satisfactory data base or adequate social philosophy upon which we can create policy. This policy is not just for “them,” the aged, but for all of us. It affects decisions at every level of involvement—personal, community, national. Arnold Toynbee remarked, “A society’s quality and durability can best be measured by the respect and care given to its elder citizens.” We now have the opportunity—the mandate—to discharge this responsibility intelligently and ethically. As the popular cartoon character Pogo might say, “I have met the elderly and they are us.”

A MORE PRODUCTIVE OUTLOOK

The winter 1986 issue of Daedalus, the publication of the American Association of Arts and Sciences, was entitled “The Aging Society.” It consisted of a series of excellent essays compiled by Alan Pifer and Lydia Bronte of the Carnegie Foundation. Its main message was that we are living an historic moment—a moment when a new, third age of life is appearing. Until the present there were only two ages, youth and adulthood—youth consisting of the years from birth to 20 years, adulthood lasting from the ages of 20 to 65 or so. Youth was characterized by growth, learning, and maturing. Adulthood involved productivity, reproduction, and youth care. At approximately 65 years, we died—erratically, but with high probability. Survivors past 65 were rare, but during the late nineteenth century they became common enough for Prince Otto von Bismarck, chancellor of the German Empire, to propose a social security system for that individual who unexpectedly lived beyond the second age of life. Five decades later, our nation followed suit, instituting our own social security system to help support those few who didn’t die according to the predicted schedule. Medicare followed in 1965 to heal the ailing survivors.

We now identify the falseness of this model. Not only are a few of us living beyond age 65, tens of millions are. There are 53 million Chinese over 65. Also on the Asian continent, 33 million Indians and 26 million Russians live past this benchmark. Here in America, 29 million people are older than 65—that’s more than the entire population of Canada. Calculate the number of those who reached age 65 during the past 100 years and you would have a sum equal to the number of people over age 65 who existed on the planet for all of previous history. By the year 2035, one in every four Americans will be over 65. The average family will have four generations.

THE THIRD AGE—A NEW LIFE SEGMENT

We have most recently inherited a new life segment—the third age. This new phenomenon has burst upon us bringing with it new decades of opportunity, and (somewhat ominously) the potential for profligate waste. We are not prepared.

In part this is because the new third age lacks definition—biologic, psychologic, sociologic, economic, and political. We have no encyclopedias, textbooks, experiments, or models to guide us to our new age. The chances for interage conflict are real. The younger generations do not defer to the older simply because they are older—some equity of resource allocation is sought. We are ill armed to confront the novel challenges. We lack a conceptual framework as to what our new years can and should represent. In effect, we are in the position of defining our new, complete life. Until now everything has been an artifact. We confront the potentials of our full lives for the first time in the history of our kind. This, now, is one of the most significant epochs of the human species.

Our first challenge is to recognize our 120-year natural lifetime and redefine its subsegments. There are three segments of life: youth, middle age, and old age. Youth is 0 to 40 years, middle age is 40 to 80, and old age 80 to 120. Each major segment is then halved to produce the following segments:


	Youth


	young (0–20)


	old (20–40)





	Middle Age


	young (40–60)


	old (60–80)





	Old Age


	young (80–100)


	old (100–120)
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No one should die until old, old age—over 100 years. Any earlier deaths are premature. As I recently passed my 60th birthday, halfway, it is like a golfer just starting the “back nine.”

If we plotted the longevity of plates in the dishwasher as an exercise in random statistics, we would see a survival slope as follows:

[image: ]

Until recently, human longevity curves have resembled this same “triangular” pattern—not much different from projections of the “life span” of a set of dinner plates.

Clearly our present goal should look very different. Ideally, each of us wants to live to our full design—the “rectangular” life span curve.

[image: ]

As we look at recent demographic data, we see that we are approaching the idealized rectangularized curve: more of us are living longer; but since 75 is the median year for death in America, most of us are still dying in old middle-age.

If we are dying at age 75 and have a potential of 120 years, we are faced with a current shortfall of 45 years!

Our machine is only partway through its work time.

We die too soon.


TWO
WHY THINGS GROW OLD


Chaos is the law of nature;
order is the dream of man.

Henry Adams



We view Ponce de León as a tragicomic figure devoting his life to finding the fountain of youth. The story has a whimsical fairy-tale ring to it. Nonetheless, it reminds us that in the corner of every ego is the thought that “having to die” is a fundamental annoyance.

In Greek mythology Eos, the goddess of the dawn, loved Tithonus, a mortal. She begged Zeus to grant her lover eternal life. Unfortunately for all, Aphrodite also had her eye on Tithonus; and when she heard about Zeus’s concession to Eos, she jealously arranged that Tithonus’s immortality not be accompanied by eternal youth. And so he aged, and aged, and aged. Until now he still survives, but only as the wretched chirp of the grasshopper.

Therefore, immortality must be qualified. We come to the recognition that length of life is not sufficient. Quality must accompany. Duration and content cohere.

I will explore this relationship extensively in later pages; but for now, what of Ponce de León’s search? Is immortality a human possibility? Can science discover enough and cure enough until someday age itself will be preventable? Must we die at all? My firm guess is that death is inevitable, and that the fountain of eternal youth is as illusory as the perpetual time machine. Emotionally we may yearn for everlasting life, since death rarely seems that it should apply to “us.” Religions have used this longing as an instrument of belief; but unfortunately (or fortunately), wishing does not make it so. We must look at aging and death with an unbiased eye. In chapter 1 I presented the concept that we are living in the “Age Age;” and one characteristic of this epoch is that for the first time in history, we have been provided the tools, or knowledge base, with which we may propose a workable and universal definition of aging. Such knowledge will allow us to strip away the emotional clutter of our past and to devise strategies to live our best lives.

WHAT IS AGING?

The answer to this profound question takes us close to an explanation of the very essence of life. To define aging we must probe into the heart of the question, “What is life?”

So far we haven’t had much help from medical science. In fact, when we explore all the textbooks on geriatrics and gerontology, we find that very few of them even attempt to define aging. What they do is describe in elaborate detail the myriad structural and functional changes which accompany aging. But they do not provide a unified, basic causation. This is not dissimilar to the parallel failure of biologic science to provide a definition of life. Once again, the textbooks are full of the general characteristics of life, reproduction, movement, etc.; but they fail to give precious insight into the fundamental nature of life. Medicine is too close to aging, as biology is too close to life. Both are inside the topic—unable to see its whole. As with the parable of the committee of blind men trying to describe an elephant after feeling separate parts, it’s hard to define an elephant from the inside. Edwin Schrodinger observed that it would be impossible to guess the purpose of an electric motor by analyzing separately its components of iron, copper, and rubber. And it has been said that a physicist is the atom’s way of understanding itself.

Albert Szent-Gyorgy, a Nobel laureate, wrote prophetically in 1938, “Biologic phenomena, possibly, are to a great extent the expression of subtle changes which take place in dimension unknown which belong to the realm of quantum mechanics and can be described only in its language.”

That may not be very reassuring, but let’s give it a try.

AGE EQUALS THE EFFECT OF ENERGY ON MATTER OVER TIME

At the most simple level, the components of aging are three: energy, matter, and time. Further, since everything in the universe ages, any definition must transcend biology. Stars, canyons, and Chevrolets age, as do redwoods, tadpoles, and ourselves. We search for a theorem which is therefore universal in how it relates matter, time, and energy. These terms are described in the Second Law of Thermodynamics—a sort of cosmic Murphy’s Law, which states that an isolated system left to itself will, in the course of time, go toward greater disorder.

To understand how the Second Law of Thermodynamics affects your life, think of yourself as a complex set of molecules. These molecules need a certain amount of energy if they are to maintain an orderly system or pattern. (Your body is, of course, the specific pattern in question.) Too much energy (referred to as “stress”), and the system is disrupted—we commonly refer to this phenomenon as “burnout.” Too little energy, and the system cannot cohere—the molecules become random and the pattern is disrupted.

To maintain ourselves—to maintain our molecular order—takes a great deal of energy. In the most simple physical terms, this is what constitutes life—literally using energy to keep ourselves together before succumbing to the natural order of decay. Time is the element of progress and aging is what we see and experience in the course of this effort.

Sir Arthur Eddington wrote, “Whenever you propound a new theory, of high attractiveness, be sure that it conforms to the Second Law, because if it doesn’t it is surely wrong.”

The Second Law is one of the fundamental pillars of our understanding of the universe, and therefore of ourselves. If we are to define the elements of our small machine, we need to understand how the big machine, our universe, runs.

In the last decade, the new science of nonequilibrium thermodynamics (the study of chaos) has illuminated our understanding of the Second Law. Its principal protagonists (Ilya Prigogine of Brussels, Harold Morowitz of James Mason University, Freeman Dyson of Princeton, and others) provide the rest of science with a new way of seeing. Prigogine wrote, “On the dry bones of the nature of atoms and the distribution of energy in the universe are assembled the flesh and blood of life.” Biologic phenomena are ultimately the consequences of the laws of physics. Ernst Mayr of Harvard wrote, “There is general agreement that all biologic principles are basically derived from the hard sciences of physics and chemistry.” What remains is to understand how these laws are inscribed onto biologic processes.

Prior to this powerful and encompassing view of the universe, physicists were concerned with equilibrium dynamics, a study field which got its start in the 1800s when there was great economic motivation for perfecting the steam engine. It was therefore involved mainly with the transfer of energy. The First Law of Thermodynamics asserts the conservation of energy. (For example, the form and distribution of energy may vary; but that the amount is constant.) But equilibrium thermodynamics is a largely theoretic construct. It does not describe adequately the workings of the real world. Specifically, the theory seemed not to involve time. Clearly time must be factored into our major life design—not doing so would flout common everyday events. Time, transition, and evolution are the stuff of the universe. To deny this is an incomplete theory.

Change is everywhere evident. Nothing stands still. Time marches on.

WHAT IS TIME?

Again we face a vital, simple, and yet complex question. Is time merely the flicker of a digital watch, the tolling of a church chime, or the striking of a grandfather clock? On a broader scale, is time merely an expression of the rotation of the earth on its axis or around the sun? If it is, how does one deal with the dimensions of temporal change in remote galaxies?

In 1937, Roy Helton wrote a brilliant essay for Harper’s, the title of which I have borrowed for this chapter. In it he asserted that time is not necessarily human-related. Rather, time is a cosmic phenomenon—really an assertion of entropy, an expression of the state of change. In his bestseller A Brief History of Time, Stephen Hawking uses the Big Bang as the start of time (an estimated 10 to 20 billion years ago), reckoning that anything that occurred before this is simply irrelevant to current existence.

Carrying this premise of cosmic time further, we see that it is an assertion of matter and energy going from one level of organization to another—from position A to position B. Further, this transition is unidirectional. Time is irreversible. These simple observations indicate that all existence, human and otherwise, is time-driven. The Second Law encompasses this imperative when it states that an isolated system left to itself will, in the course of time, go toward greater disorder.

WHAT IS ENERGY?

Throughout the universe, heat is the form in which most energy is spent. Heat, whether generated by combustion, friction, gravity, or any other means, generally goes from a high energy source (concentration) to a low energy residue (diffuse). The burning of our sun at X-number of tons per second is the easy example. Hot things cool, cold things don’t warm without the addition of energy or work—but that is a later part of the story. For now, it is enough to recognize that orderly things get disorderly.

Such universal disorder (labeled “entropy” by the physicists) is in turn temperature-dependent. Hot things tend to have higher degrees of entropy, while cold things have less. Think back to your high school science class and when the teacher drew your attention to the agitated molecules in a flask of boiling liquid. When water boils it converts to water vapor. Lowering the temperature of this vapor would produce a more orderly, crystallized, state—ice.

Yet, it was the work of the last few years which illuminated the universality of the Second Law. This was achieved primarily by the brilliant scholar Ilya Prigogine, winner of the 1977 Nobel Prize for Physics. Prigogine (and his colleague Isabelle Stengers) presented his conclusions in a book called Order Out of Chaos. I was introduced to this work several years ago when I gave a speech to the American Geriatrics Society in San Francisco. A fellow in the back of the room raised his hand and suggested that I get Prigogine’s book, and upon taking the suggestion I experienced one of those “Eureka!” moments which can change one’s life. Prigogine’s insights provided incredible illumination to all sorts of partial recognitions, vague glimpses and fractions of knowledge that had been a part of my sparse understanding of aging. His applications spread out to touch on every aspect of my awareness—not just biomedical interests but activities of daily life as well. I feel privileged to live in the lifetime of this new way of knowing. The newfound interest in Chaos Theory is a derivative of Second Law analysis.

THE PHYSICS OF LIFE ACCORDING TO PRIGOGINE

The description thus far of the implications of the nonequilibrium, thermodynamic, time-driven Second Law needs to be reconciled with the phenomenon of life. Or perhaps it would be best to say that the phenomenon of life needs to be reconciled with the Second Law. Even though the Second Law ordains that a physical system always tends toward disorder, it does allow for islands of order. Harold F. Blum, noted evolutionist and scientist, points out that whereas the entire system tends toward disorder, parts of the whole are capable of increasing order. The classic example is the formation of a crystal in a solution. A crystal represents the coalescence of a number of molecules into a tightly bound, highly ordered form. When these molecules are dispersed in solution, they have low order and no recognizable structure.

Nevertheless, such localized increases in order must inevitably be accompanied by an overall increase in entropy of the system as a whole. The food chain is the classic example of progressive ordering, but always accompanied by a net loss of energy as heat.

Professor Peter W. Atkins of Oxford, in his book The Second Law, notes “the underlying awesome simplicity of complexity.” In his chapter “Enumeration of Chaos” he writes, “We shall see how chaos can run apparently against Nature and achieve that most unnatural of ends, life itself.”

“HE BLEW THE BREATH OF LIFE”

In order for life to occur, mechanisms for ordering are necessary. The formulation of the molecule was one such ordering. Rather than atoms being content to disperse endlessly, they bred, or were bonded into molecules. The initial observation to be made, however, is that such complexing requires a package of energy which will be spent on the effort. You can’t bond without fuel. This is illustrated by one of the most centrally important demonstrations of our time—an experiment performed in 1938 by Stanley Miller, a scientist in Harold Urey’s Chicago laboratory. Miller took a mixture of three simple gases: ammonia, methane, and water, containing only the basic elements of oxygen, carbon, hydrogen and nitrogen. They were the major components of the atmosphere of our primordial earth shortly after its formation 5 billion years ago. Into this simple mix he introduced a shot of electricity to mimic a lightning bolt. When the contents of the flask were analyzed, Miller found amino acids—the basic building blocks of life. Subsequent experiments showed how amino acids aggregate when given an energy supply and thus yield polypeptides—closer yet to the matter of life.

Edwin Schrodinger was later to expand upon this breakthrough in his 1947 book What Is Life? The Physical Aspects of the Living Cell. In it he ventured a physicist
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