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ABSTRACT

Advances in our know edge of age-associ ated di seases have far
out paced advances in our know edge of the fundanental aging
process that underlies the vulnerability to these pathol ogi es.
| f our goal is to increase human |ife expectation beyond the
fifteen-year limt that would result if the | eading causes of
death were resolved, nore attention nust be paid to fundanenta
research on aging. Longevity determ nation nust be

di stingui shed fromaging to take us fromthe comobn questi on:
Wiy do we age, to a nore revealing question that is rarely
posed: Way do we live as long as we do? However, if the ability
to intervene in aging processes ever becones a reality, it wll

be rife wth many undesirabl e and uni nt ended consequences.
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| NTRODUCTI ON

Research on aging entered the main stream of biological inquiry
about thirty years ago but few notabl e advances have occurred in
our understandi ng of the fundanmental human agi ng process.

Not abl e success has only been achi eved in our know edge and

treatnment of age-rel ated di seases.

The failure to distinguish between aging research
(bi ogerontol ogy) and research on age-associ ated di seases

(geriatric nedicine) has been, and still is, the source of many
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m sunder st andi ngs that have led to inportant scientific,
political and societal decisions that have yet to be fully
appreciated. There is little evidence that these

m sunder st andi ngs, with their serious consequences, wll soon be
rectified. Thus, the present inbalance will continue in which
resources avail able for research on the diseases of old age far
exceed those avail able to increase our understandi ng of the
ultimte question: Wiy are old cells nore vulnerable to disease

than are young cells?

Policy makers, properly inpressed with the future denographics
of the graying of all econom cally devel oped countries, are
basing i nportant policies and decisions on a flawed
under st andi ng of

what constitutes aging research and what they believe m ght be

acconpl i shed.

DI SEASE AND AG NG

Aging is not a disease and the distinction is central to an
under st andi ng of why the resolution of the |eading causes of
death in old age, - cardiovascul ar di sease, stroke, and cancer,
will tell us little about the fundanental biology of age
changes. The resolution of all three causes will result only in
an increase of about fifteen years in human |ife expectation
(Anderson, 1999a). Then, aging, or the inexorable loss in
physi ol ogi cal capacity that underlies the cause of these

pat hol ogies will be reveal ed as the | eading cause of death.
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Resol uti on of age-associ ated di seases wi Il advance our know edge
of aging processes to the sanme extent that the resolution of

pedi atri c associ ated di seases such as polionyelitis, acute

| ymphocytic | eukemia, WIlns’ tunors and iron deficiency anem a
advanced our know edge of chil dhood devel opnent. That is, no

advancement occurred at all.

Di sease processes can be distinguished from age changes for at

| east five reasons. Unlike any di sease, age changes occur in
every animal that reaches a fixed size in adulthood. Unlike any
di sease, age changes cross virtually all species barriers.
Unl i ke any di sease, age changes occur in all nenbers of a
species only after the age of reproductive success. Unlike any
di sease, aging occurs in animals renoved fromthe wild and
protected by humans even when that species has not experienced
aging for thousands or even mllions of years. Finally, unlike

any di sease, aging occurs in both animate and i nani mate obj ects.

Today, the study of age-associ ated di seases and mani pul ati ng
bi ol ogi cal devel opnent in lower |ife fornms dom nates what nany
in the scientific community consider to be the field of aging
research. It is not. One exanple is that nore than half

t he budget of the National Institute on Aging in the United
States is spent on Al zheiner’s di sease research, yet notor
vehi cl e accidents cause tw ce as nmany deat hs( Adel man, 1998;
Anderson, 1999a) and fromage 65 on, it is not even one of the
five |l eading causes of death (Hobbs and Danon, 1996). The

i keli hood of dying from Al zheiner’s disease is 0.7% Ander son,
1999b) and the conplete resolution of this disease will add

about 19 days onto average |ife expectation (Anderson, 1999a).
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Nor will that acconplishnment advance our know edge of the

f undanment al bi ol ogy of aging.

In the m nds of the public, policy nmakers and many bi onedi cal
scientists, no one suffers or dies fromaging. W suffer and
die fromthe di seases associated with the aging process. Yet,
t he aging process is the underlying cause of the increase in
invulnerability to everything that is witten on the death

certificates of the elderly.

No one over the age of, say 75, has, or will die fromwhat is
witten on his or her death certificate. Death results fromthe
i nevitable increase in system c nol ecul ar disorder that |iving

| ong enough incurs. That disorder sinply increases vulnerability
to whatever was, or will be, witten on death certificates.
There is an al nost universal belief that the greatest risk
factor for the three | eading causes of death is the aging
process yet that risk factor, aging, receives only a mcroscopic
portion of the bionedical research budget. This illogical state
of affairs nust be reversed if we are to nake any progress in
understanding why old cells are nore vul nerable to pathol ogy

than are young cells.

The hal Il mark of extreme old age is the presence of multiple
pat hol ogi es neki ng the determ nation of the cause of death
difficult. Because autopsies of old people have becone
increasingly rare, the cause of nobst deaths in old age is stil

hi dden in the proverbial black box.

AG NG AND LONGEVI TY DETERM NATI ON



If aging research is to advance, it will not only be necessary
to distinguish biogerontology fromageriatric nmedicine but it
will also be necessary to distinguish aging fromlongevity
determination. Failure to do so often results in research
interpreted to bear on aging when, in fact, the results inpact

on our know edge of |ongevity determ nation.

Aging is a stochastic process that occurs after reproductive
maturation and results fromincreasing system c nol ecul ar

di sorder. This disorder has nultiple etiologies, including
damage by reactive oxygen species, but generally fromthe

di m ni shing | oss of energy states necessary to maintain

nol ecul ar fidelity.

Longevity determ nation, on the other hand, is not a random
process. It is governed by the excess physiol ogi cal capacity
reached at the tinme of sexual maturation that, through natura
sel ection, was achieved to better guarantee survival. Thus,

| ongevity is only indirectly determ ned by the genone.

Speci es survival depends on a sufficient nunber of nenbers
l'iving | ong enough to reproduce and, if necessary, to raise
progeny to i ndependence. Natural selection favors animals that
have greater survival skills and, especially, redundant
physi ol ogi cal reserve in vital organs beyond the m ni num needed
to survive the damage that m ght be exacted by predators,

di sease, accidents or environnental extrenes.



Physi ol ogi cal capacity, beyond the mninumrequired for life,

i ncreases the chances for animals to survive |ong enough to
achi eve reproductive success just as redundant vital systens in
conpl ex machi nes, better insures that they will achieve their
goals. The ampunt of excess physiol ogical capacity, like the
amount of redundancy engi neered into space vehicles, provides
the potential for continued function beyond the primary goa
(Hayflick, 1996; 1998).

Because living | ong beyond reproductive success has di m ni shing
val ue for the survival of a species, weakened nenbers will be
culled by natural selection. Energy is better spent on
guarantyi ng reproductive success than it is for increasing

i ndi vi dual | ongevity. The nol ecular order achieved from
conception to sexual maturation becones increasingly disordered
after reproductive success. System c nol ecul ar disorder, or
aging, increases in spite of the presence of repair processes
because these too incur disorder. 1In this way the accel eration
of nol ecul ar disorder, or aging, increases vulnerability to
predati on, accidents and di sease.

The devel opnental events that lead to the survival of animals to
reproductive success are determ ned genetically but the survival
of ani mal s beyond sexual maturation is determ ned only
indirectly by the genonme. It is for this, and other reasons,

t hat bi ogerontol ogi sts may be asking the wong question: “Wy do
we age?" The right question could be: “Wiy do we live as |ong as

we do?"

GENES DO NOT' GOVERN AG NG
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Aging is not a programed process governed directly by genes.
Studies in lower animals that have led to the view that genes
are involved in aging have not shown a reversal or arrest of the
i nexor abl e expressi on of nol ecular disorder that is the hall mrk
of aging. Those studies are nore accurately interpreted to have
i npact on longevity determ nati on because the results alter
physi ol ogi cal capacity and occur before the agi ng process

begi ns.

Anot her argunent against the direct role of genes in programmi ng
t he aging process is that aninmals do not age at the sanme rate
nor are the patterns of age changes identical. This results in
the variations found in age of death. When the random events
characteristic of aging are conpared with the orderly, virtually
| ock-step, changes that occur during genetically driven
enbryogenesi s and devel opnent, the orderliness and precision
stands out in stark contrast to the quantitative and qualitative
di sorder of age changes. The variability in the manifestations
of aging differs greatly fromaninal to animl but the
variability in devel opnental changes differs trivially. Humans
fromconception to adulthood are virtually identical in respect
to the stages and tim ng of biological devel opment but from

about thirty on, age changes make humans nore het erogeneous.

Just as a blueprint is vital to manufacture a conpl ex nmachi ne
and contains no information to cause the aging of that nachine,
t he genone is necessary for biological devel opnment but
unnecessary to cause the aninmal’s aging. The aninmal and the
machi ne fail as a result of increasingly irreparable | oss of

nmol ecul ar fidelity, which in living systens increases
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vul nerability to predation, accidents or disease and in
i nani mat e objects increases vulnerability to anal ogous failures

in sone vital conponent.

Longevity determ nation in higher animls has been a profoundly
negl ected area of research. One class of animals that may
provi de sone answers to the determ nation of |ongevity are those
animal s that do not reach a fixed size in adulthood and age
slowy or not at all. If these animals do age, the process is
either negligible or it occurs belowthe Iimts of detection.
Animal s of this class include sone tortoises, many sport and

col d-wat er deep-sea fish, sone anphi bi ans and the American

| obster. Even tel onerase expression, the hallmark of imortal
cells has been found at extraordinary high levels in the cells
of negligibly aging animals |ike the Anerican |obster (Homarus
anmeri canus) and the rainbow trout (Onchorhynchus nykiss) (Kl apper
et al., 1998a, 1998b). Wiether these aninals age at all, and the
reasons for this, have been alnost entirely neglected. They are
not imortal because, like animals that do age, there is a
constant threat of disease, predation and accidents (Hayfli ck,
2000a). The time is long overdue for nore intense study of the

phenonenon of negligi bl e aging.

The aging of living things is not unlike the aging of everything
in the universe including the universe itself. The nol ecul ar

di sorder that defines biological aging m ght occur passively by
i ncreasi ng decrenments in the energy necessary to maintain

nmol ecul ar fidelity or actively through, for exanple, the action

of reactive oxygen species.
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Al t hough bi ol ogi cal aging occurs in an open system the Second
Law of Thernodynam cs applies in that entropy increases despite
t he constant availability of energy in the formof food.
Entropy increases in biological systens because natural

sel ection has not favored systens that can maintain nol ecul ar
fidelity indefinitely. Energy is better spent on strategies
that insure reproductive success in order to perpetuate the
speci es rather than spending it on post reproductive |ongevity
that has little species survival value. The verity of this
statenment can be found in the observation that, for fera
animal s that reach a fixed size in adulthood, death will occur
from predation, accident or disease shortly after the period of
reproductive success that, through natural selection, favors

speci es survival

AG NG I N FERAL ANI VALS

Aging rarely if ever occurs in feral animals because it is
unusual for themto live |Iong enough to experience the
phenonenon. The sane observation can be nade for prehistoric
humans who al so never lived | ong enough to experience aging.

Nat ural selection could not select for a process |like aging that
has no species survival value especially when few, if any,
animal s ever lived | ong enough to participate in the sel ection

process.

| f, through human intervention, feral animals are kept as pets
or deposited in zoos and thus protected from predation, disease,
and acci dents, age changes that nay never have been experienced

inthe wild will be unmasked. The resulting greater |ongevity
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is not caused by the expression of new genes but by the
protection provided by human intervention. Any finding of old
feral animals usually results fromthe enornous increase in the

human popul ati on that has di sturbed their ecol ogi cal niches.

Most animals do not die imrediately after reproductive success
because it is prohibitively costly in energy to evolve such a
system The class of aninmals generally referred to as “big bang
ani mal s” represented by the Pacific salnmon and the marsupi al
mal e rat may appear to be an exception to this notion. However,
it is nmore likely that the deaths that occur in these aninmals
after reproductive success result fromtheir uni gue expenditure
of enornous anounts of energy that precedes mating (Hayflick,
1996). It is questionable whether the biological changes that
precede their deaths are age changes because there is no

necessity for death to be preceded by age changes.

AG NG AS AN ARTI FACT OF Cl VI LI ZATI ON

Aging i s a phenonenon uni que to the human speci es because it is
a consequence of our advanci ng knowl edge of hygi ene and

bi onedi cine. The resulting increase in the nunbers of ol der
peopl e in devel oped countries is, to a |large extent, an
uni nt ended consequence of these advances and an artifact of
human civilization (Hayflick, 1996, 1998, 2000).

Humans, and the animls we chose to protect, are the only
species in which | arge nunbers experience aging. Furthernore,
ol d humans, or old animals, are not essential for the survival

of any species. The evidence for this is that humans had a life
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expectation at birth of thirty years or less for nore than 99.9
percent of the time that we have inhabited this planet.

Prehi storic human renmai ns have never reveal ed individual s ol der
t han about fifty years of age. There appears to be no selective

advant age favoring the survival of old animals or old humans.

Menbers of exotic feral animl species, who for mllions of years
have not experienced agi ng, reveal those changes when protected
by humans as pets or in zoos. It would be difficult to explain
how evol ution could have selected for a process |ike aging that
could be made to appear in all nmenbers of a species after,

perhaps, mllions of years of suppression.

Because nodern humans, unlike feral animals, have | earned how to
escape death |l ong after reproductive success, we have reveal ed a
process that, teleologically, was never intended for us to

experience. Again, one mght properly conclude that aging is an

artifact of civilization.

THE PROBABI LI TY OF LI VING TO 100 AND BEYOND

Life expectation is the 50%|i kel i hood of how | ong a human of
any age mght live, given current environnental conditions.

This is fundanmentally different fromlife span, which is the
maxi mum nunber of years that a human has been proven to live.
The human |ife span has renmai ned unchanged for the past 100, 000
years at about 125 years (Hayflick, 1996, 1998). What has
changed is |ife expectation that, at birth in the United States
and ot her devel oped countries, has increased from about 49 years
in 1900 to about 76 years in 1997 (Anderson, 1999c). This 27-
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year increase in |life expectation is equivalent to the increase
inlife expectation that occurred fromthe tine of ancient Rone
until the year 1900. This astounding inprovenent is due
substantially to the resolution of deaths frombirth to young
adul thood. The main causes were infectious di seases that have
been substantially elimnated by inplenentation of better

hygi ene and the discovery of antibiotics and vaccines. It is

t he chroni c di seases, - cardiovascul ar di sease, stroke, and
cancer that remain unresolved and that dom nate today as the
causes of death in the elderly. Twenty-one of the 27-year
increase in life expectation that occurred during the twentieth
century took place during the first 70 years. Only a six-year
increase in |life expectation occurred in the follow ng 27 years
(Hayflick, 2000Db).

If all causes of death currently appearing on death certificates
are resolved fromwhat will we die? Al successful bionedica
research, and its’ inplenmentation, results in adding time up to
the fifteen-year limt of what remains for extending human life

expect ati on.

To know what the future societal inpact mght be of a fifteen-
year increase in |life expectation, one m ght consider the
changes that have occurred from 1931 until the present, which
spans a period of tinme in which an approximate fifteen-year
increase in |ife expectation has occurred (Anderson 1999d). O
t he many observations that could be nade, three are: the
increase in the proportion of older people, the greater tine

spent in frailty and dependency in old age and the political and
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econoni ¢ consequences that both have had (Crinm ns, Hayward and
Sai to, 1994).

What then are the possibilities of extending |ife expectation
once the present causes of death are resolved? The
possibilities are near zero because very little research is
bei ng conduct ed on

t he fundanental biology of age changes. The possibilities are
al nost nil because virtually all research conducted under the
aging rubric is research on the diseases of old age or on
nodi fi cati ons of devel opnental processes that increase or
decrease longevity in lower animals. Despite the |ikelihood

t hat bi ol ogi cal aging, |ike the aging of everything else, is

i nexorabl e and inevitable, is the power to mani pul ate the hunan

agi ng process a desirable goal ?

One might view the goal of arresting the aging process in the
sane |ight that we view arresting devel opnental processes.
Arrested physical or nental devel opnent in childhood is viewed
universally as a serious pathology. |If retarding the

devel opnment of a seven-year-old for ten years in order to have
the child Iive then arresting one’s aging processes in |ater
life should not be attractive for the same reasons. QO her
scenari os have been descri bed where the power to arrest the
agi ng process woul d have different negative inpacts on society
(Hayflick, 2000c).

Per haps the | east inperfect scenario would have everyone living
until his or her 100'" birthday in good physical and nental
heal th and then dying at the stroke of m dnight.
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FUTURE PCGSSI BI LI Tl ES

We know of no way in which the human aging process is likely to
be slowed with the probabl e exception of caloric restriction.
However, the results mght also be interpreted to suggest that
overeating dimnishes longevity (Hayflick, 1998). Although
denonstrated in many species, including its |ikely occurrence
i n non-human primates, it has yet to be denonstrated
conclusively in humans (Roth, Ingramand Lane, 1999). Even if
denonstrated, a near starvation diet is unlikely to be
acceptabl e to nost people whose quality of life is nore

inmportant than is their quantity of life.

I n devel oped countries nore than 75% of all deaths now occur

in those over the age of 75. |If the causes of these deaths are
resolved we will not become inmortal but we will have reveal ed
how death occurs in the absence of disease. Wat wll be found
is that the underlying cause of these deaths is the inexorable
| oss of physiological capacity that results fromincreasing

nol ecul ar disorder in the cells of vital organs. This is the
hal | mark of aging and it will appear on all death certificates

once the present |eading causes are resol ved.

There is no evidence to support the many outrageous cl ains of
extraordinary increase in human |life expectation that m ght
occur in our lifetime or that of our children or their children.
Even if the mracle of elimnating the three |eading causes

of death were to occur tonorrow a maxi mum of 15 years woul d be

gained in average life expectation. Any increase beyond that
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nunber wi Il depend on slow ng or stopping the fundanental
processes that produce nol ecul ar disorder. The |ikelihood that

that can be done is renote if not inpossible.

One nust elimnate alnost all nortality risks from 1995 | evels
before age 85 to achieve a |ife expectation greater than 100

(d shansky, Carnes and Désesquel |l es, 2001). The 1995 death rates
woul d have to decline by nore than 50% at every age in order for
life expectancy to reach 85 years in the United States

(d shansky, Carnes and Désesquel |l es, 2001). Even anpbng Japanese
wonen who are the |ongest |ived sub-group in the world, total
nortality at every age would have to drop 20% in order to raise
life expectancy by 2 years fromits' current 83 years. The
nortality reductions at every age required to achieve a 1-year
increase in life expectancy at birth today are nore than tw ce
those needed to achieve the sane gain early in the 20'" century
(d shansky, Carnes and Désesquelles, 2001). It is not possible
to reach life expectations of 100 or nore today by life style
nodi fi cati ons unl ess those nodifications will conpletely
elimnate all causes of death currently appearing on death
certificates and the discovery of an intervention to slow the

fundanment al agi ng process.

Thus, the approxi mate 25-year increase in |life expectancy that
occurred in the United States from 1900 to 2000 w Il be

i npossible to achieve in the 21° century even if all causes of
death currently appearing on death certificates were to be
resolved. Even if that mracle were to occur the maxi num
extension of |ife expectation that could be achieved is about 15

years.
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Those who predict enornous gains in |life expectation in the
future based only on mathematically sound predictions of life
tabl e data but ignore the biological facts that underlie

| ongevity determ nation and aging do so at their own peril and
the peril of those who make health policy for the future of this

country.

It is likely that a natural increase in the human |ife span is
presently occurring but so slowy that our ability to detect it
will only be made after m |l ennia of careful record keeping.
This belief is based on persuasive evidence in the fossil record
t hat suggests that the |life spans of nost aninmals increase as
evol ution proceeds (Hayflick, 1996).

As sone civilizations have, our society nust |earn that aging
and youth should be valued equally if for no other reason than
the youth in devel oped countries have an excellent chance of
experienci ng the phenonenon that they may now hold in | ow
esteem Then, the m spl aced passion for cosnetic surgery, anti-
aging nostrunms and simlar snake oil renedies touted to arrest
aging will be recognized for what they truly are, - at best, a
cover-up

for an irreversible and inexorable process and, at worst, a

del usi on and waste of noney by the uninforned.

| f the main goal of our bionedical research enterprises is to
resol ve causes of death, then every old person becones a
testinmony to those successes. Biogerontol ogi sts have an

obligation to enphasize that the goal of research on aging is
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not to increase human |ongevity regardl ess of the consequences
but to increase active longevity free fromdisability and
functi onal dependence.
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