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Primary Prevention  
with a Capital P

S. Jay Olshansky* and Bruce A. Carnes†

ABSTRACT The survival of large segments of human populations to advanced 
ages is a crowning achievement of improvements in public health and medicine, but 
in the 21st century, our continued desire to extend life brings forth a unique dilemma. 
The risk of death from chronic fatal diseases has declined, but even if it continues to do 
so in the future, the resulting longevity benefits are likely to diminish. It is even possi-
ble that unhealthy life expectancy could rise in the future as major fatal diseases wane. 
The reason for this is that the longer we live, the greater the influence of biological 
aging on the expression of fatal and disabling diseases. Research in gerontology has al-
ready demonstrated that aging is inherently modifiable, and that a therapeutic interven-
tion that slows aging in people is a plausible target for science and public health. Given 
the speed with which population aging is progressing and chronic fatal and disabling 
conditions are challenging health-care costs across the globe, the case is now being 
made that delayed aging could be one of the most efficient and promising ways to 
combat disease, extend healthy life, compress morbidity, and reduce health-care costs.

The first longevity revolution began in the middle of the 19th century, 
accelerated through the first half of the 20th century, and led to the first and 

only quantum leap in human life expectancy (Human Mortality Database 2017). 
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In the 20th century alone, life expectancy at birth in most developed nations 
rose by about 30 years (Riley 2001). The first three quarters of the century were 
notable for gains made at younger and middle ages, and in the last quarter cen-
tury, old age mortality declined (Olshansky and Ault 1986). Nothing in history 
has ever come close to the magnitude of this benefit to humanity. The rise in 
life expectancy occurred swiftly because the primary beneficiaries of advances in 
public health and medicine were infants and children. As communicable diseases 
waned, humanity secured what we wanted most—saving and extending the lives 
of children. There is no disputing the value of life extension associated with the 
first longevity revolution, and research has demonstrated that even the wealth 
of nations can be directly tied to our health and longevity (Bloom and Canning 
2000).

Rarely does something so desirable come without a price. While life extension 
was the target, little did we know at the beginning of the 20th century that with-
in 100 years we would witness a dramatic escalation in the prevalence of chron-
ic, disabling, and fatal diseases. There were clues back in 1900 that longer lives 
would be accompanied by new health issues; after all, there have always been 
older people, and we could see even thousands of years ago that long life was 
accompanied by undesirable infirmities (Thomas et al. 2015). Our guess is that 
had we known back in 1900 that the trade-off for longer lives would be a rise in 
heart disease, cancer, stroke, Alzheimer’s disease, diabetes, and a long list of non-
fatal disabling conditions, we would have considered such a trade-off a bargain.

The question we face now is, what trade-offs lie ahead? The successful battle 
with communicable diseases occurred because of a model of health care that 
linked explicit treatments to specific diseases once they arose. The model worked 
effectively, so when chronic fatal and disabling diseases reared their head with 
regularity in the 20th century, the same disease-specific model was deployed. 
This too worked well, at first. Cardiovascular diseases yielded to the pressure 
imposed by improved lifestyles, early detection, pharmaceuticals, and improved 
surgical interventions, but recent evidence indicates that improvements have de-
celerated and a reversal of fortunes might be on its way (Case and Deaton 2015; 
Crimmins 2015; Olshansky and Persky 2008; Olshansky et al 2005; Reither, 
Yang and Olshansky 2011). Certain forms of cancer have waned, but others have 
risen. Alzheimer’s disease has ascended as a result, and now we’re witnessing a 
rapid escalation in the prevalence of nonfatal disabling conditions expressed at 
later ages (Vos et al. 2016).

What is causing this new trade-off? The aging of our bodies. We seemed to 
forget—or perhaps just recently realized—that modulating diseases has no influ-
ence on the rate at which we age. This means that successful efforts to combat 
one disease now allow the survivors to live long enough to experience another 
age-related condition. The longer we live, the more diseases we accumulate in 
bodies that were simply not “designed” for long-term use (Olshansky, Carnes, 
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and Butler 2001). Most would recognize this as a game of whack-a-mole: when 
one disease is knocked down, two rise to take its place. In epidemiology, this is 
known as “competing risks,” and the importance of competing risks in a rapidly 
aging world cannot be understated. It is possible, perhaps likely, that people who 
routinely live past age 65 in long-lived populations today and in the coming de-
cades may be facing a Faustian challenge unlike anything humanity has ever seen, 
and the further we push out the envelope of survival, the higher the probability 
that we’ll face increasingly more undesirable trade-offs.

The problem is that the modern medical model is designed to attack chronic 
fatal diseases one at a time, as if they are all independent of each other. Early in 
the 20th century, saving children from dying brought them decades of healthy 
life. Today, saving older people from dying from heart disease, cancer, or stroke 
exposes the survivors to an elevated risk of Alzheimer’s disease, and these advanc-
es now generate for older individuals much smaller slices of additional life relative 
to the gains in longevity achieved by saving the young. The challenge we face 
now is potentially very dangerous in a world where health-care costs are already 
spiralling out of control. One of our greatest fears as we age is the degradation of 
our minds and bodies and the impact that has on our quality of life. Greunberg 
(2005) warned us a decade ago to beware what we wish for, because the trade-off 
for longer life could be worsening health. The biological process of aging is the 
most important risk factor we face as we get older, and the longer we live the 
more powerful its influence (Kennedy et al. 2014; Sierra 2015).

However, it is not possible to generate a reliable assessment of mortality and 
survival at extreme older ages (above age 110) in humans, because so few people 
actually live this long. It doesn’t really matter whether maximum lifespan is 115 
or 118 or 125 or some other number in that age range, as scientists have recently 
debated (Brown, Albers, and Ritchie 2017; de Beer, Bardoutsos, and Janssen, 
2017; Dong, Milholland and Vijg 2016; Hughes and Hikimi 2017; Lenart and 
Vaupel 2017; Rozing, Kirkwood, and Westendorp 2017). With over 108 billion 
people ever born, only a handful have ever lived past the age of 110: that’s the 
take-home message.

Recognizing the important linkage between the biological aging of our bodies 
and disease expression, an exciting line of scientific research has emerged that of-
fers an opportunity to further extend our healthy years. A consortium of scientists 
and public health organizations has formed with the purpose of developing a new 
weapon to extend healthspan, combat the diseases of aging, and help to ame-
liorate the economic challenges of an anticipated rising prevalence of late-onset 
diseases. This new weapon for public health is being groomed as a more effective 
method of primary prevention than those now in use. Numerous experimental 
animal studies have demonstrated that interventions that ameliorate multiple fatal 
and disabling maladies of aging are being explored and will likely be transforma-
tive to human health (and national economies) if successfully brought to fruition. 
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A large-scale, concerted, and coordinated effort is now underway to push the 
translation of these findings into real-world clinical investigation and a suite of 
therapeutic interventions, referred to as the Longevity Dividend Initiative (LDI) 
(Olshansky et al 2006) or Geroscience (Sierra and Kohansky 2016).

To understand the rationale behind the LDI, we need to understand why hu-
mans live as long as we do, and what we can expect human life expectancy and 
maximum lifespan to be in the future.

Why Do We Live as Long as We Do?

In Human Longevity and the Amount of Life Upon the Globe (1855), Pierre Florens 
asked a simple but critically important question, one that has perplexed humanity 
since life began: “What is the natural, usual, and normal duration of the life of 
man?” The question was asked not just for the purpose of understanding why 
death occurs when it does and why duration of life is species-specific, but also 
because Florens and others were interested in finding ways to make us live lon-
ger. In fact, this question has led the greatest thinkers of every era to not only 
speculate about the duration of life, but also to devise what they believed were 
methods of modifying how long people are capable of living (Austad 1999; Gru-
man 1966).

This is no longer an esoteric question of interest only to research scientists 
who study aging and mortality for a living: the answer has important public pol-
icy implications involving age entitlement programs, public health interventions, 
health-care costs, retirement age, and the evolution of a modern medical model 
predicated on the assumption that attacking chronic fatal diseases should be done 
using the same approach applied so successfully more than a century ago to com-
bat infectious diseases. Forecasts of duration and quality of life have taken on new 
meaning in the public policy arena.

Instead of taking the usual approach to answering this question—by providing 
a detailed history of the origin and development of the evolutionary theory of 
senescence—we are going to paint a picture for you. If you’ve been to the Sistine 
Chapel in Rome, chances are at some point you looked up at Michelangelo’s 
16th-century painting, The Creation of Adam, which depicts Adam reaching out 
to touch the finger of his creator (Figure 1). This is the Renaissance view of man-
kind as having been molded by the hand of its creator, in his image, as a “perfect” 
physical specimen.

From a biological perspective, our bodies and their functions operate with a 
remarkable degree of efficiency, which is why Michelangelo’s imagery is ide-
ally suited to convey this message. During each day of life, the human body is 
assaulted by a broad range of toxic events both in and all around us. A few ex-
amples include a constant bombardment of radiation from the sun and soil, an 
accumulation of toxic chemicals that are inevitable by-products of how our cells 
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generate the energy to run our bodies, and the accumulating damage associated 
with simple wear and tear.

In order to just stay alive in this toxic environment long enough to grow up 
and pass genes onto the next generation, humans (and other living things) have 
evolved highly efficient maintenance and repair mechanisms that come close to 
Michelangelo’s portrayal of perfection. Keep in mind that from a biological per-
spective, “perfection” does not have to be indefinite—it means near-perfection 
for long enough to ensure reproductive success. Each cell in the human body is 
exposed to nearly 10,000 damaging events every day, and the body’s response is 
to repair almost all of the damage (Carnes, Staats, and Sontag 2008; Carnes et al. 
2010). However, the impossibility of perfect repair leads to accumulated damage 
to cells, tissues, and organs; the changes you see and feel in your body with the 
passage of time; and ultimately to aging itself.

Here is where Darwin’s theory of evolution comes into play in helping us 
understand why species live as long as they do. When first drafting his ideas, 
Darwin didn’t have perfection in mind. Instead, it was the imperfections in the 
anatomic structures and functions of humans and other living things that were 
presented as the strongest evidence for his theory (Morgan 1994). At the heart of 
this theory is a fundamental biological link between the timing of reproduction 
and longevity determination. The level of hostility in the environment drives the 
timing of reproduction; species that arose in hostile environments were forced 
to reproduce early, and this led to earlier and shorter reproductive windows and 
fixed genetic programs that led to accelerated growth and development and, in 
turn, to shorter lives. The reverse is also true: low levels of predation led to de-
layed reproduction, the evolution of deferred growth and development, the need 
for more efficient maintenance and repair to sustain delayed reproduction, and, 
subsequently, longer lives.

According to evolutionary theory, the force of natural selection begins to de-
cline rapidly once reproduction commences at puberty, approaching negligible 

Figure 1

Michelangelo, The Creation of Adam, c. 1511.
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levels at the end of the reproductive window (at menopause). The “force of 
natural selection” means the ability of selection to influence the distribution and 
frequency of alleles in subsequent generations. As Medawar (1952) observed, nat-
ural selection operates not just on individuals, but also on all of the genes in our 
bodies. As the force of selection wanes following the onset of puberty, it then be-
comes possible for harmful alleles to accumulate in the gene pool, because under 
normal living conditions there is no penalty for detriments to health occurring in 
older regions of the lifespan where only a few members of the species normally 
survive. Genes that prove to be harmful are figuratively “pushed” by natural se-
lection to be expressed at later and later ages, where they have less of an effect on 
reproduction. Over many generations, harmful alleles will tend to have their age 
of expression accumulate at the reproductive window and beyond.

Williams (1957) later extended this theory by suggesting that natural selection 
would favor the accumulation of genes that do beneficial things early in life, even 
if they are known to be harmful later in life. This concept, known as antagonistic 
pleiotropy, operates under the same premise that there would normally be no 
penalty for favoring genes with harmful effects expressed later in life, as long as 
they enhance reproductive fitness. Why does aging or senescence occur then? In 
the poetic words of Medawar (1952), aging is revealed “only by the most unnat-
ural experiment of prolonging an animal’s life by sheltering it from the hazards of 
its ordinary existence” (13). In other words, aging becomes evident only when 
life is lived with regularity into the post-reproductive region of the lifespan—as is 
now the case for most people living in low-mortality populations.

Empiric tests of these hypotheses have shown that the age trajectory of death 
is, in fact, a species-specific phenomenon that, as predicted from evolutionary 
theory, is calibrated to the onset and length of a species’ reproductive window 
(Carnes 2007; Rose, Passananti, and Matos 2004). This means that sea turtles, 
whales, elephants, and humans—species that experience an extended period of 
growth and development, a significant delay in puberty, and a longer time win-
dow within which reproduction can occur—live longer than species that repro-
duce early and for shorter time periods.

It is important to remember that the reproductive window is a genetically de-
termined and fixed attribute that is established as part of every species’ life history 
strategy, and that it is molded by the environment within which species evolved. 
If aging is an inadvertent by-product of genetically fixed programs for early life 
developmental events such as growth, maturation and reproduction, then there 
can be neither death genes nor longevity genes that evolved under the direct 
force of natural selection.

Based on theoretical and empirical evidence from modern evolution biology 
and biogerontology, it now appears that both Michelangelo and Darwin were 
right. The artistic-like perfection of the human body is exemplified by the near 
flawless maintenance and perpetuation of the immortal germ line through sexual 
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reproduction. However, the price paid for this form of immortality is a set of 
anatomic structures and functions that, when used beyond what may be thought 
of as their biological or Darwinian warranty period inevitably lead to many of 
the diseases and disorders now commonly associated with aging or senescence 
(Carnes and Witten 2014; Gurven and Kaplan 2007). The divergent but inti-
mately linked views of Michelangelo and Darwin exemplify the importance of a 
biological perspective on aging, the diseases that accompany it, and ultimately the 
forces that influence and limit the duration of life of individuals and populations.

Is There a Biological Limit to Human Longevity?

The question about whether there is a biological limit to the duration of human 
life comes up more often in the scientific and popular press than perhaps any 
other question in the field of aging. The answers given by scientists can and 
have been confusing, often leading to heated exchanges in the scientific literature 
where lines are drawn in the sand and reputations appear at stake (Brown, Albers, 
and Ritchie 2017; de Beer, Bardoutsos, and Janssen, 2017; Dong, Milholland and 
Vijg 2016; Hughes and Hikimi 2017; Lenart and Vaupel 2017; Rozing, Kirk-
wood, and Westendorp 2017). The popular press almost always fails to get the 
answer right—in part because this topic is easily sensationalized, but also because 
the scientists themselves convey a mixed message.

Here’s the problem in a nutshell. The notion of a biologically based limit to 
life intuitively seems obvious to most people, since age-related changes in body 
and mind are glaringly evident and well documented (Carnes, Olshansky, and 
Hayflick 2012). Age-related changes in the internal operational functioning of 
components of living things represent powerful evidence of limits to the du-
ration of life (Carnes, Olshansky, and Grahn 2003). This leads many to believe 
that there must be some internal clock ticking in our bodies that directly causes 
us to age and die: a time bomb that can be accelerated with the acquisition of 
harmful behavioral risk factors such as smoking or obesity, and perhaps slowed 
with beneficial risk factor modification such as exercise or a sensible diet. This 
deterministic view of aging, longevity, and death implies for some that evolution 
purposely causes dramatic variation in duration of life across species.

The problem with this perspective is that it confuses mechanical and biological 
clocks. Mechanical clocks are precise human constructs based on a single celestial 
event: how long it takes the earth to circle the sun. We use them to count the 
time that has passed since birth; as conventional methods of telling us how old 
we are. Mechanical clocks operate with equal measure on everyone, and they are 
the primary tool used by mathematical demographers that suggest that there may 
be no limit to the duration of human life. However, biological clocks measure a 
different form of time: the timing of events that occur within the bodies of living 
things. These internal clocks are also influenced by celestial events such as light 
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and dark cycles that change from day to day (circadian rhythms) or month to 
month (seasonal migration of birds caused by light/dark cycles); they are driven 
by inherited genetic programs that operate with great variation from one person 
to another (the counting of cell divisions through telomere shortening; Allsopp et 
al. 1992); and they are influenced by acquired events (genetic mutation) and al-
tered by internal environmental cues. Biological time is not only imprecise, it can 
vary dramatically among people born on the same day. If you’ve ever attended a 
high-school reunion, you know that the biological rate of aging varies dramat-
ically among people of the same chronological age as measured by clock time.

It is common practice to discuss how old we are using mechanical or clock 
time to describe the number of years or days since we were born. But although 
age as measured by clock time or chronological age provides a reasonably good 
gauge of the risk of death for populations, it is an extremely blunt and highly in-
accurate way of measuring the biological aging for individuals and extreme events 
such as estimates of maximum lifespan. If this is the only instrument used to gauge 
future prospects for human longevity, then the big picture is simply not visible.

Biological clocks or metronomes are fundamental components of human bod-
ies: we could not exist without them. They effectively transform a fertilized egg 
into an adult capable of reproducing. For now at least, it is important to recog-
nize that the mechanical devices humans invented to measure clock time are not 
reliable gauges of biological time. But why do humans and all other living things 
have biological clocks to begin with? Are these internal metronomes present to 
sustain life, take it away, or perhaps both?

Metronomes of Life

When it comes to the aging and longevity of our minds and bodies, common 
sense (and our familiarity with mechanical clocks) provides us with general clues 
about the amount of survival time humans and other species have been allocated. 
After all, the scientific study of aging informs us that fruit flies live about one 
month; mice, hamsters and most other rodents live for only a few years; dogs and 
cats live considerably longer than rodents; elephants and horses live longer than 
household pets; people tend to live about 80 years with an observed maximum 
so far of 122; and Greenland sharks can live for over 500 years. In fact, the tim-
ing of death among each of these species occurs with such predictable regularity, 
relative to each other, that it would be difficult to conclude that death clocks 
were not operating. However, casual observation of the longevity of species can 
be deceiving when it comes to questions about whether time is measured at all 
when it comes to longevity determination, whether internal metronomes for life 
and death exist, and the biggest question of all: whether this most precious of all 
commodities can be extended indefinitely.

All of us are aware of the changes that occur in our bodies with time, and the 
fact that death consistently takes its greatest toll among the old. Together these 
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observations suggest that the process of aging and the timing of death is somehow 
built into our genes. Some have even gone so far as to propose that programmed 
death is nature’s way of removing the old to make way for the young (Wallace 
1889). This sense of predestination is an illusion.

When children are born, parents take great joy in watching their infants hold 
up their head, turn over, laugh, crawl, walk, and eventually grow up into teen-
agers and young adults. These developmental milestones vary from one child to 
another, but what rarely varies is the order of the developmental events. Order 
matters, and any departure from the proper sequence of events is likely to result 
in a serious health problem or even death. So why can the timing of events vary 
when their sequence does not? The metronomes of human biology are all about 
life, health, and vigor, not decrepitude and death. They provide a cadence for a 
highly orchestrated series of developmental events that transform a fertilized egg 
into a sexually mature individual capable of becoming a parent for the next gen-
eration of offspring. They perpetuate the cycle of life, and this axiom applies to 
all living things. The metronomes that govern our very existence are present to 
develop and sustain life, not take it away. This view is perfectly consistent with 
the evolutionary theory of senescence suggesting that growth, development, and 
reproduction are genetically fixed programs, and aging as we know it is an inad-
vertent by-product.

Are There Biological Clocks for Aging, 
Death, and Limits to Life?

Now here is where Mother Nature can fool us. Given the consistent message 
that death eventually comes to all living things, and the highly predictable timing 
with which it occurs, it would be easy to conclude that a clock is ticking in each 
of us that measures biological time from conception, and which directly causes us 
to age and eventually die. This is a classic magician’s trick based on misdirection. 
There can be no aging or death clocks. Why is that? Death programs cannot exist 
as a direct product of evolution, because the end result would be the systematic 
demise of all living things at an age beyond which almost every member of a 
species would ordinarily be expected to live. Aging programs cannot exist for the 
same reason.

A biological time bomb driven by genes designed exclusively to kill us at older 
ages is equivalent to automobile manufacturers building in an explosive device 
that is set off only when the car reaches 1 million miles. Since most cars are not 
ordinarily driven that far, such a death program would be useless. There would 
be no benefit for the manufacturers to build a program that does harm, nor 
would cars benefit from harbouring a death program that is never used. There 
is no point in building (or having natural selection expend precious biological 
resources) on a genetic program that would rarely if ever be used. We are fooled 
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into believing it exists now because most people in developed nations today live 
beyond the age of 65—which is a car’s equivalent of 1 million miles.

Does the absence of aging and death programs mean we can live forever, or 
at least much longer than we do now? This question about a “limit” to life or 
finite amount of measured survival time is the most misunderstood topic in the 
field of aging today, and the confusion occurs among both the lay population 
and scientists. The simple answer to this question is no, we cannot live forever. 
There is a limit to life, and it is fundamentally rooted in our biology. In fact, we 
are more than a bit surprised that anyone would question limits to life, given the 
ubiquitous presence of death all around us. Questioning the presence of life’s 
limits is akin to scepticism about the existence of air because we can’t see it with 
the naked eye. If you’re using the wrong tools, it becomes easy to believe that 
radical life extension or immortality are almost within the grasp of science’s hand. 
And yet, it is right at this point that Mother Nature uses sleight-of-hand to make 
us believe one thing when another is true. The problem is not with the simple 
answer we have given, it is with the lack of precision in the question. We are 
forced to answer a definitive yes to whether there are limits to life and acknowl-
edge that these limits come from our own biology, but the story of our measured 
amount of time is not that simple.

In order to reveal the magician’s trick, we need to dig a bit deeper and ask 
more precise questions. Are aging, the length of our lives, and the timing of death 
products of fixed genetic programs, or metronomes that exist as direct products 
of evolution for the purpose of measuring and doling out a fixed amount of sur-
vival time to us all? Why do different species live vastly different lengths of time? 
And why is there such great variation in how long members of the same species 
live? After all, casual observation suggests that evolution was not fair in doling 
out survival time. Was the mouse really shortchanged because it lives only three 
years, while the bowhead whale can live over 210 years? So let’s ask the questions 
the right way.

Are There Fixed Genetic Programs that Measure 
Time, Limit Life, and Cause Aging and Death?

The answer is a definitive no! So how is it possible to have a biologically based 
limit to life and at the same time no genetic program that runs it? It’s true that 
there are metronomes that measure time from conception and birth, but the bi-
ological clocks that measure the time of our lives are there for the sole purpose 
of transforming a fertilized egg into a reproducing adult. These fixed genetic 
programs for growth, development, maturation, and reproduction are products 
of evolution over the 4.56 billion years of life on earth. In biology, these mile-
stones are called life history traits, or collectively, a species’ life history strategy. In 
essence, they are the biological tools that organisms use to survive in the hostile 
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environments of earth. The critical point to remember here is that our biologi-
cal metronomes do indeed measure time—just not the time to age or die. They 
measure the time required to accomplish all of the milestones in our species’ life 
history strategy.

This window of time has been referred to as a biological warranty period 
(Olshansky, Carnes and Grahn 1998). The clocks don’t stop when the warranty 
period expires; instead, they begin measuring the time beyond the warranty peri-
od, something we call “extended operation.” In humans, the period of extended 
operation begins around age 65, an age that represents a transition from a period 
of expected health and vigor to a period of eventual decline and death. That final 
trajectory, however, is different for everyone and is strongly influenced by the 
genes we inherit at conception, the environments we live in, the health choices 
we make during our journey through life, and even the proportion of good or 
bad luck we experience. Another way to think about this is that our bodies are 
not designed to fail, but neither are they designed for extended operation.

For example, when your automobile was built, the engineers did not insert a 
program that makes it age or fail after a prescribed amount of time. Nor did the 
engineers design the individual parts to last forever or to synchronize their failure. 
Thus, oil breaks down, the brakes wear out before the tires, and the timing belt 
tends to fail much later. If you keep your car long enough, you get to see things 
go wrong that become increasingly more expensive to fix. Automobile manu-
facturers do not and in fact cannot build immortal cars. This is why they provide 
warranty periods based on a careful analysis of when individual components are 
most likely to fail. Your car ages in the absence of engineer-generated programs 
that make it happen because cars, like people, wear out over time with continued 
use.

There is another useful analogy used to explain how biological limits to the 
duration of life can exist in the absence of biological programs that impose those 
limits: world record running times. In the middle of the 19th century, the world 
record for the one-mile run for males was about five minutes. This record de-
clined in linear fashion since then to 3 minutes 43 seconds today. Extrapolating 
this linear historical trend forward in time, which is the same methodology used 
by mathematical demographers who conclude that there is no limit to human 
longevity, leads to the untenable conclusion that the record will drop to one 
minute in a few hundred years and shortly thereafter someone would be expected 
to run one mile instantaneously.

Is there anyone reading this that seriously thinks that any human will ever 
run a mile in one minute? How about three minutes? After all, there is no ge-
netic program that exists in our bodies that precludes us from running that fast. 
When I ask this question at scientific conferences, the audiences immediately 
say no, this is not possible. I ask why not? The answer most often given is that 
our bodies are not constructed to run that fast, certainly not as fast as a cheetah, 
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no matter how hard we try. And yet, if the only metric used to gauge running 
speed is the historical record of clock time, one could easily conclude that based 
on all of the available (limited) evidence, there are no biological or demographic 
reasons why humans can’t run a mile in under one minute. Using this exact same 
methodology and line of reasoning, two mathematical demographers have come 
to this conclusion about human longevity, exemplified in the following quotes: 
“There is simply no convincing evidence (demographic, biological or otherwise) 
of a lower bound on death rates other than zero” (Wilmoth 1998), and “The ev-
idence is mixed, but at present, the balance of the evidence suggests that if there 
is a limit, it is above 120, perhaps much above, and perhaps there is not a limit 
at all” (Choi 2017).

The world record for running one mile has already reached a point where fu-
ture improvements become progressively smaller, such that gains are measured in 
fractions of a second rather than seconds or minutes. Our limitation on running 
speed is indirectly driven by genetic programs that determine body design. Our 
muscles and bones do not exist for the purpose of propelling us to world record 
speeds. Rather, just like life history traits, they exist to enable us to survive the 
hostile environments of earth.

Longevity determination in our species evolved to sustain and perpetuate life; 
aging is the unintended consequence of that design. So are there biologically 
based limits to duration of life, just as there are biologically based limits on run-
ning speed? Yes—but there are no genetic programs that evolved directly to gen-
erate either of these limits. By asking this question the right way—in other words, 
did evolution produce genetic programs designed to cause aging and death?—it 
becomes possible to reveal the more subtle, correct answer, while acknowledging 
that it is not possible to generate a reliable assessment of mortality and survival at 
extreme older ages (above age 110) in humans, because so few people actually 
live this long.

Why is the distinction between a limit on lifespan and the existence of genetic 
programs that produce that limit important? It means that while there is no fixed 
limit to life or brick wall beyond which humans are incapable of living—an in-
accurate perception still held by many—there are nonetheless limits to how long 
we can live.

The most important thing to remember from the debate about whether there 
is a maximum lifespan is that life extension should not be the goal of public health 
and aging science: instead, the primary mission should be extending the period 
of healthy life. If some mathematical demographers are right and much higher 
life expectancies and maximum lifespans are in the cards for us all, then there is 
no need to act now. However, if lifespans are limited, and we are approaching 
dangerous health trade-offs for marginal improvements in survival by attacking 
fatal diseases one at a time, we need to act swiftly to change the way in which we 
confront aging-related fatal and disabling diseases. Given the rising cost of health 
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care and the accelerated prevalence of diseases of aging such as Alzheimer’s, we 
can’t afford to get this public policy debate wrong.

A New Model of Primary Prevention

The usual approach to combating the diseases of old age has been to improve the 
behavioral risk factors that influence their expression, to delay their appearance 
through earlier detection, and to use medical technology to extend survival for 
those whose bodies are already diseased. This approach has been successful in the 
past, but there is a growing body of evidence to suggest that continuing down 
this path will lead to diminishing gains in life extension and, more importantly, 
the possibility (perhaps likelihood) that the historic rise in health span may come 
to a halt—leaving future older cohorts with the prospect of rising frailty and 
disability in later ages (Butler et al. 2008). The fact is, extreme longevity has a 
genetic component and the more extreme it becomes, the lower the frequency of 
people that achieve those ages. Biological aging and the diseases it produces have 
become the primary risk factors for chronic fatal and disabling disease in our older 
bodies and aging world, and the sooner we realize this important fact the better.

Recognizing the important linkage between the biological aging of our bodies 
and disease expression, an exciting line of scientific research has emerged that 
offers an opportunity to further extend our healthy years (Kennedy and Penny-
packer 2014; Kirkland 2013; Miller 2002, 2012; Olshansky et al. 2006; Sierra et 
al. 2009). A consortium of scientists and public health organizations has formed 
with the purpose of developing a new weapon to extend health span, combat 
the diseases of aging, and help to ameliorate the economic challenges of an an-
ticipated rising prevalence of late-onset diseases (Goldman and Olshansky 2013; 
Olshansky, Martin, and Kirkland 2015; Sierra 2015). This new weapon for public 
health is being groomed as a more effective method of primary prevention of all 
fatal and disabling diseases of aging than the ones now in use.

Numerous experimental animal studies have now demonstrated that interven-
tions that ameliorate multiple fatal and disabling maladies of aging are possible and 
will likely be transformative to human health if successfully brought to fruition 
(Bartke 2011; Kirkland and Tchkonia 2014; Tchkonia et al. 2013). By way of 
illustration, a handful of pharmacological agents tested in a formal NIH-sup-
ported program have been shown to significantly extend life and health in mice, 
and genome-wide association studies have validated some of the targets of these 
drugs in humans (Kirkland and Tchkonia 2014). Taken together, the scientific 
evidence overwhelmingly points to the modulation of aging as a viable approach 
to delaying multiple chronic conditions, all at once. The resulting improvements 
in public health, quality of life and reduction in global health expenditures could 
be transformative and dramatic. The LDI and the therapeutic interventions being 
sought have the potential to become the most effective form of primary preven-
tion in this century.
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If biological aging has indeed become the most important risk factor for almost 
all leading causes of death, disability, degraded quality of life, and loss of inde-
pendence, then the current disease model used to attack these conditions will not 
only run out of steam, but further life extension achieved in this way will likely 
lead to an expansion of morbidity and disability among the survivors (Olshansky 
et al. 1991).

With the dramatic upward shifts in age structure worldwide, the time has 
arrived to devise interventions that will prevent future elderly cohorts from 
the massive financial burdens of ever-increasing chronic diseases. Many of the 
proof-of-principle studies have already been done, and it is imperative that these 
get translated into effective clinical and population-level interventions. Critical 
to this effort is the development of integrated consortia at different levels (basic, 
preclinical, clinical, and societal) in order to optimize translation. For example, 
current models of age-related diseases suffer from the fact that they are typically 
induced in young animals with fully functional tissues and organs, rather than in 
older cohorts that are experiencing the physical consequences of aging. At the 
clinical level, paradigms need to be developed for the inclusion of older persons 
with comorbid conditions in clinical trials. A new research paradigm just like this 
has already been approved by the Food and Drug Administration (Hall 2015).

The goal of the LDI is to galvanize both the federal and private worlds into 
advancing these strategic goals. Provided below is a summary of specific aims that 
focus exclusively on the science and the partnerships between basic, clinical, and 
population-level research.

Aim 1: Expand basic research on the molecular mechanisms that are thought to 
influence aging and susceptibility to disease.

Aim 2: Expand drug discovery efforts that might target multiple age-related dis-
eases and dysfunctions.

Aim 3: Foster proof-of-concept studies and develop outcome measures needed 
to advance translation into clinical interventions.

Aim 4: Develop the clinical trial paradigms needed to evaluate effective inter-
ventions against aging processes.

Aim 5: Track and project the social, economic, and health consequences of suc-
cessful interventions to delay aging.1

1The language in these specific aims is a product of a collaboration between the following scientists: 
Steven Austad, Nir Barzilai, Ana María Cuervo, Brian Kennedy, James Kirkland, George Martin, and 
S. Jay Olshansky.
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Conclusion

Language used to describe the longevity dividend must be unambiguous. Much 
like the introduction of antibiotics in the mid-20th century and the broad dis-
semination of basic measures of public health a century ago, humanity is once 
again fortunate enough to witness the rise of a new public health paradigm. Aging 
science has successfully turned the spotlight on the origins of our aging bodies 
and minds and the fatal and disabling diseases that accompany us in our later years. 
What the scientific study of aging reveals is that death may be inevitable, but the 
mechanisms by which the diseases of aging are manifested may be manipulated in 
ways that diminish discomfort and extend physical health in ways that could not 
even be conceived of just a few years ago.

Science has now demonstrated that aging is inherently modifiable; most fatal 
and disabling diseases are amenable to delay through a single intervention; and 
morbidity and disability can be compressed into a shorter duration of time at 
the end of life. Furthermore, there is reason to believe that aging science can be 
translated into new more effective medical and public health interventions that 
will be able to combat fatal and disabling diseases far more effectively than any 
intervention available today. This is primary prevention with a capital P.

A full discussion of the ethical and political implications of the interventions 
proposed under the LDIC is beyond the scope of this article (Olshansky, Mar-
tin and Kirkland 2015). Suffice it to say that two ethical conditions should be 
considered at once. The first is what could happen if the current medical model 
continues with no significant effort or breakthrough in the field of aging in this 
century. What we are likely to witness as a result is not just an increase in the 
prevalence of conditions of frailty, as case fatality rates from major fatal diseases 
continue to decline under the light of advances of the biomedical sciences; we 
may also witness a significant worsening of frailty and disability as survivors live 
longer into their frail years. The result could be an extension of the period of un-
healthy old age and its attendant harmful disease states—with Alzheimer’s disease 
and other neurological conditions flaring up and out of control. Without any 
change in the rate of aging, further life extension much beyond where we are 
today could be harmful.

The second ethical consideration is what would happen if we succeed with the 
LDIC. There is little doubt that a major breakthrough such as that being sought 
here would initially be inequitably distributed. After all, there is not a single 
precious resource today that is universally available to everyone. Has inequality 
stopped humanity from inventing and disseminating vaccines, pursuing clean air 
and water, or creating temperature-controlled indoor living and working envi-
ronments? Of course not. We seek to improve life at the same time we try to 
reduce disparities.

Success with the LDIC will also yield an increase in the size of the older pop-
ulation throughout most of this century, and most of those additional years of life 
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are expected to be healthy (Goldman et al. 2013). There would be challenges to 
age entitlement programs to be sure, but these same challenges would arise with 
a cure for cancer. Given the alternative of curing a single disease and possibly 
extending frailty and disability because aging marches on unaltered, or delaying 
aging and simultaneously postponing the onset and progression of all fatal and dis-
abling diseases at once and experiencing morbidity and disability compression—
the choice is clear. We choose healthy life, and believe that humanity would be 
far better off as a result.

It is only a matter of time before aging science acquires the same level of pres-
tige and confidence that medicine and public health now enjoy, and when that 
time comes, a new era in human health will emerge. There are an abundance 
of formidable obstacles standing in the way, including strongly held views on 
how to proceed, a history of association with dubious aging interventions, and 
misconceptions about the goals in mind and the impact of success on population 
growth and the environment. Once the air clears and aging science is translated 
into effective and safe interventions that can be measured and documented to 
extend our healthy years, the 21st century will bear witness to one of the most 
important new developments in the history of medicine.
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