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Abstract
Criticisms of demographers by other demographers have become frequent in the scientific literature,
generally consisting of accusations that trends observed in the recent past have been extrapolated
unjustifiably into the future. Demographers, along with their colleagues in the actuarial profession, are
in an invidious position in this regard, knowing full well that extrapolation is almost always only
minimally justifiable but knowing also that their readers, colleagues and sources of funding tend to be
much more interested in the future than in the past. It is unfortunate that, while actuaries typically
resolve this dilemma by emphasising the limitations of their methods and thereby lowering
expectations that their predictions will be accurately fulfilled, demographers are more prone to respond
combatively, attempting to reinforce the credibility of their extrapolations by recourse to data from
areas in which their expertise is less tested, such as biology. This is valuable in that it raises the profile
of the debate on the likely rate of scientific progress relevant to mortality rates, but it also runs the risk
of lowering the technical quality of that debate, by telling policy-makers and the public what they want
to hear and thereby entrenching their expectations without recourse to the relevant biological facts.
Extrapolations based on plausible sequences of scientific advances and the sociopolitical responses to
them, summarised in this article, have led to the prediction of four-digit life expectancies of cohorts
born in the 21st century and possibly even in the 20th. This prediction has attracted inevitable ridicule
from prominent demographers, but being founded on science and sociology rather than on history it
may be much more reliable than the extrapolations that those demographers presently prefer.

Demographers’ love-hate relationship with extrapolation
The publicÕs interest in the postponement of aging and death is perhaps greater now than ever. This is
manifest not only in an insatiable appetite for documentaries and news articles on the work of
biogerontologists, but also in an intense demand for prediction of how long those of a given age today
are likely to live. The latter topic is the province of the demographer.

Unfortunately, such extrapolation depends on assumptions that can be very easily challenged.
Demographers have nonetheless felt it necessary to make these predictions Ð which have varied
widely1,2 Ð given the aforementioned thirst for them. Especially dangerous, in my view, are
extrapolations (or critiques of othersÕ extrapolations) based on misuse of biology. The demographer
most identified with such arguments at present, Jay Olshansky, has authored or co-authored a number
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of popular pieces,3-5 one of which3 suggested various ways Ð many of them clearly beyond the realm of
foreseeable medical science, even setting aside their aesthetic shortcomings Ð in which the human body
might hypothetically be ÒredesignedÓ to make it age more slowly and thus live longer. The rhetorical
nature of such speculation is obvious to any biologist and was not disguised, but yet was overlooked by
some commentators, who treated these publications as presenting a serious biological argument for the
immutability of human aging.6,7 This error clearly occurred because Olshansky is well known to be on
the pessimistic side of the fence concerning the likely rate of biomedical (and hence demographic)
progress this century in postponing aging. It was only to be expected; one may thus question
OlshanskyÕs judgement in inviting it. Regardless, there is thus an urgent need for projections
concerning future lifespans that are based on serious, rather than rhetorical, scrutiny of plausible
biomedical progress and societyÕs response to it.

A plausible timeline for developing and distributing dramatic life
extension therapies
Four life extension milestones

The fact that we have made only modest progress hitherto in slowing aging (insofar as that can even be
defined8) in mammals has led most gerontologists to feel that actually reversing mammalian age-
related degeneration is too ambitious even to contemplate at this juncture. This has resulted in the
virtual non-existence of research on late-onset interventions to extend mammalian lifespan. However,
as I have set out extensively elsewhere9-11 (see Table 1), it may by much easier to repair the various
types of accumulated molecular and cellular damage that eventually give rise to age-related frailty and
diseases than to halve the rate of that accumulation without unacceptable side-effects, particularly
because such repair can be done without intervening in the processes by which the damage is laid down
and thus without detailed knowledge of those processes.

Category of lifespan-limiting damage         Feasible strategy to repair or obviate it
Cell death without matching replacement Stem cell therapy, growth factors, exercise
Unwanted (e.g. visceral fat; senescent) cellsCell surface marker-targeted cellular toxins
Oncogenic nuclear [epi]mutations Somatic telomere elongation knockout (ÒWILTÓ)
Mitochondrial mutations Allotopic expression of 13 mtDNA-coded proteins
Extracellular protein/protein cross-links Phenacyldimethylthiazolium chloride (ALT-711)
Extracellular aggregates (e.g. amyloid) Immune-mediated phagocytosis
Intracellular aggregates (e.g. oxysterols) Microbe-derived ÒxenohydrolasesÓ

Table 1. Strategies for engineered negligible senescence: the Òseven deadly thingsÓ that accumulate
with age as side-effects of metabolism and promising first-generation therapies to reverse or obviate

that accumulation. For details, see refs. 9-11.

This has led me to identify12,13 three major milestones in the Òfuture historyÓ of life extension research
and implementation:

1) Robust mouse rejuvenation (RMR): the reproducible trebling of the remaining life expectancy
of genetically robust but wild-type Mus musculus with treatments begun in middle age.
Quantitatively, it means using at least 50 mice of a strain with a life expectancy of 3 years,
initiating treatment at age 2, and obtaining a mean age at death of five years. The extra two
years must predominantly be in good health.



3

2) Robust human rejuvenation (RHR): doubling of the remaining life expectancy of humans with
treatments begun in middle age, i.e. the addition of roughly 30 years to the healthy and total life
expectancy of humans who enter treatment in their 50s.

3) Longevity escape velocity (LEV): the point when improvements to the comprehensiveness and
safety of human life-extension treatments are being made faster than people are aging: that is,
when the remaining average lifespan of those who are receiving the latest therapies, and who
are of the age that derives the most benefit from those therapies, begins to increase with time
even though they are getting chronologically older.

4) Actuarial escape velocity (AEV): the point when the mortality rate of some cohort in the
population under discussion (typically either global or national) begins to decline year-on-year
as they get older. Cohorts that have exhibited a mortality rate above 20% in previous years are
excluded. Since the mortality rate at age N is roughly 10% greater than at age N-1 for the ages
at which most people in the developed world die, this is equivalent to a 10% per year fall in
age-specific mortality rates at some range of ages, which is a few times faster than the peak
declines seen in the recent past (for example, infant mortality early in the 20th century).

An obvious feature of milestones (1) to (3) is that they will be achieved before they are shown to have
been achieved. Milestone 1 will be demonstrated only a few years after the technology to implement it
has been developed, but the corresponding lag for milestone 2 will be over half a century. Depending
on oneÕs criteria, milestone 3 may never be demonstrated, as the remaining life expectancy of those in a
robust state will depend mainly on the unknown future rate of progress. Milestone 4, however, will
become known to have been achieved more or less as soon as it is achieved. A transient decline in a
cohortÕs mortality rate may occasionally be seen in the oldest old today, as a result of heterogeneity and
small-number effects, so AEV must only refer to cohorts whose mortality rate has never risen high
enough to be sensitive to such effects; the cutoff of 20% above is chosen for this purpose. In my view,
the likeliest scenario is that AEV will be seen first in a cohort of age 80-90, who have benefited from
life-extension therapies for 30-40 years and whose mortality rate has thereby peaked at that currently
seen in the developed world at age 70 or so.

Plausible timeframes for each milestone

The timeframes I have predicted for RMR and RHR are, respectively:

- RMR with focused funding of $100m/year: estimate 2015, unlikely before 2012, very likely by
2020;

- RMR with sluggish funding (comparable to current): estimate 2025, unlikely before 2020, very
likely by 2040;

- Lag between the attainment of RMR and of RHR: estimate 15 years, unlikely within 5 years, could
take arbitrarily long.

These projections need not overly concern us here, however, because the question on which
demographers have tended to take issue with me is that of the other two milestones enumerated above.
Though they may be inclined to share the view of many biogerontologists that my timeframes for RMR
and RHR are overoptimistic, they (mostly) recognise that which biogerontologists are right and which
wrong remains to be seen. What exercises them are my assertions that:

- LEV will probably be achieved at around the same time as RHR;

- AEV will follow shortly thereafter.

Therefore, I will now describe in detail how I derive these predictions.
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Why LEV will probably roughly coincide with RHR
Predictions here, illustrated in Figure 1, are based on the aforementioned rejuvenative character of
these therapies, which by definition makes them inapplicable to those too young to have accumulated
much age-related, pathogenic damage. Those who are already frail (Figure 1, trajectories A and B) may
not derive much benefit either, at least not from the first-generation rejuvenation therapies. Thus, the
first beneficiaries will probably be those in middle age, 55 say, with about 30 years still to live in the
absence of rejuvenation therapies. Suppose these therapies achieve RHR as defined above, setting back
frailty and death by at least 30 years. During those 30 years, the previously 55-year-old beneficiaries of
those therapies will exhibit a mortality rate less than just before the therapies were first begun. Other
things being equal, by the time they reach 85 this groupÕs mortality rate will have returned to that pre-
treatment level and will then continue to rise, much as would have occurred without the therapies (but
at a chronologically older age).

Figure 1. Actuarial escape velocity, explained by analogy with literal escape velocity. Remaining life
expectancy follows a similar trajectory whether one walks off a cliff or merely ages: the timescales

differ, but oneÕs prognosis worsens with time. Mitigation of this (whether by upward jet propulsion or
by rejuvenation therapies) merely postpones the outcome if too mild or begun too late, but sufficiently

powerful intervention begun soon enough overcomes the force of gravity or aging and increasingly
distances the individual from a sticky end. The plausible ages at the time first-generation rejuvenation
therapies arrive of people following the respective trajectories are: A=100, B=80, C=50, D=30, E=0.

Adapted with permission from ref. 12.

But other things will not be equal, because by then there will have been improvements to the
treatments, which will have depressed this cohortÕs mortality rate. How much will it have been
depressed? The most reliable measure is precedent from other technologies, whether medical or
otherwise, during periods when they were amenable to cumulative, incremental improvements rather
than requiring fundamental breakthroughs (as these therapies can be anticipated to be in this phase).
Table 2 lists, for illustration, the rate at which our prowess at powered flight advanced following the
Wright brothersÕ initial achievement; each milestone listed is far enough beyond the previous one as to
be technologically unimaginable to the previous milestoneÕs achievers. A remarkably similar rate of
progress occurred in computing, in DNA sequencing and in the combating of infectious diseases, to
name but three. Thus, the life extension afforded by RHR is very likely to suffice to put its
beneficiaries beyond LEV. As the improvement of treatment increasingly outstrips the rate of aging,
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i.e. as we maintain a rate of improvement in excess of escape velocity, this groupÕs mortality rate will
fall back to that currently experienced at age 40 or lower (Figure 1, trajectory C).

Milestone         Date
First attempt at flight Prehistoric

First powered flight 1903
First transatlantic flight 1927
First commercial jetliner 1949
First supersonic airliner 1969

Table 2. Major milestones in the history of powered flight, each barely imaginable at the time the
previous one was achieved. The chronological intervals would be quite similar for many other

technologies. It seems that while fundamental breakthroughs take unpredictably long, incremental
advances (when driven by sufficient market pressure) occur at a rather uniform rate. This gives cause

for optimism that RHR will suffice to achieve LEV.

Next let us consider the trajectory of someone 20 years younger, i.e. 30 when the first rejuvenation
therapies arrive. Such people Ð again assuming access to nearly state-of-the-art treatments Ð will not be
suitable subjects for those treatments until perhaps ten years after they have arrived, and thus until they
have been tested on older people and their major safety shortcomings thereby identified and addressed.
Hence, following the sequence of events rehearsed for the older cohort, it is likely that they will not
appreciably advance beyond the mortality rate of todayÕs 50-year-olds at any point, and indeed will not
for long exceed that of todayÕs 40-year-olds (Figure 1, trajectory D).

A similar degree of confidence can be attached to the lag between LEV and AEV. Here the argument
concerns sociopolitical dynamics rather than technology. Our projections of how society will respond
to the arrival of RMR and RHR is clearly speculation, but we can confidently expect the achievement
of RMR to convince society that RHR is foreseeable. My view is that it will promptly become
impossible to get elected except on a manifesto commitment to a ÒManhattan ProjectÓ to achieve RHR
as quickly as the science allows. I call this phase the ÒWar on AgingÓ by analogy with NixonÕs ÒWar
on CancerÓ Ð but in fact the latter was a misnomer, being merely a doubling or so of funding for cancer
research. The War on Aging will be a real war, in that society will choose to make sacrifices hitherto
seen only in wartime in order to end the slaughter as soon as possible;14,15 the hypothetical concerns of
bioconservatives16,17 will be forgotten as rapidly as they were when in vitro fertilisation was perfected.
And since ending the slaughter means achieving AEV, not just LEV, society will have already made
the decision to expedite AEV before RHR even arrives, by voting for the high taxes needed to train
enough medical personnel, etc.

Consequences for cohort life expectancy
What does this mean for the life expectancies of the cohorts illustrated by trajectories C and D? We can
easily compute this by reference to todayÕs mortality rates at various ages, together with assumptions
concerning the aging-independent mortality rates that the cohorts can be expected to experience. The
latter are of necessity highly speculative, but I feel sure that risk-aversion will rise at the individual and
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national levels, leading to an increasing rarity of death from accidents, homicide or war, and thence to a
mortality rate from aging-independent causes which somewhat exceeds the best achieved at any age for
each such cause at present. An order-of-magnitude estimate of mortality from age-independent causes
is thus in the region of 10-4 per year, leading to a life expectancy in the complete absence of age-related
mortality in the high thousands of years. Note that this is not materially altered by infant mortality: just
as todayÕs life expectancy cannot be much increased by further inroads into the already low mortality
rates of infants in the developed world,18 so in a world in which the mortality rates of young adults are
retained indefinitely the difference between the life expectancy assuming a mortality rate of 10-4 from
birth and that assuming an infant (and childhood) mortality rate equal to todayÕs is also small.

To estimate the mean age at death of the cohorts discussed above, therefore, we now consider todayÕs
mortality rates from age-dependent causes at the ages in question. The older cohort described above
(Figure 1, trajectory C) will spend a few to several decades with a mortality rate exceeding that of
todayÕs 50-year-olds, and maybe a majority of that time at a mortality rate over twice that. Much of this
cohort will die in that period, leading to a projected life expectancy for the cohort in the low hundreds
of years. The younger cohort (Figure 1 trajectory D), on the other hand, is projected to have the
mortality rate of todayÕs 50-year-olds only briefly and to return to that of those under 40 today, which
they will maintain for the remainder of their adult life. Their mean age at death is thus projected to
exceed 1,000 years and, given the considerations regarding aging-independent mortality outlined
above, may well exceed 5,000 years. Even if the timeframe predictions noted above for RMR and RHR
are overoptimistic by a factor of five, therefore, cohorts born towards the end of the 21st century may
well have a life expectancy exceeding 5,000 years.19

Extrapolaholic challenges to the scenario discussed here
The sheer magnitude of the dislocation in life expectancy and related statistics described here has led
some demographers to throw up their hands and ridicule it without according it the rigorous scrutiny
that they employ elsewhere.

Perhaps the most ill-considered argument is based on the astronomical reduction of age-specific
mortality rates that would be required to achieve four-digit life expectancies if it occurred at the same
rate at all ages, or else with the same ratio of rates at different ages as has been seen in the past
century.2 Quite plainly, no such scenario is being predicted, so this is a transparent straw man to those
familiar with life tables, Gompertz distributions and the like and has no effect other than to mislead less
knowledgeable readers into viewing something as absurd for invalid reasons. It is irrelevant that no
sustained change in Gompertz slope has been seen in human populations hitherto: we are no more
talking about the smooth continuation of past trends in mortality rates than we would talk of
contemporary transatlantic travel being a continuation of 19th century trends. In 1900, extrapolation of
trends in the speed of ocean-going liners over the previous century or two would have predicted that
the time taken to travel from London to Washington D.C. in 2004 would be at least a couple of weeks.
I happen to be writing this paragraph while in transit on just such a trip, which began three hours ago
and will end four hours hence.

Sociological concerns other than inequality of access are also relevant to the transition from LEV to
AEV, as others have noted.20 However, here again the conclusion that lifespan increase rates will be
severely limited is decidedly hasty. The USA is perhaps not the best current example of a nation in
which increased length of life has translated into a greater respect for the value of life, but in Europe
the abandonment of the death penalty and the increasing restrictions on firearms ownership are
conspicuous manifestations of a change in attitudes, perhaps also exemplified by that continentÕs
avoidance of any wars for almost 60 years (a duration last seen in Roman times21). Death from
infectious diseases in a world in which lifespans are potentially unlimited is similarly prone to
overestimation: the main reason they are such a threat today is the purely financial fact that vaccines
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are not very profitable, something which (as noted above) will not be allowed to influence the situation.
Obesity, another major cause of death in the developed world and especially the USA,22 will cease to be
a major risk factor for death, simply because treating it will be an intrinsic part (and a rather simple and
cheap part at that) of the rejuvenation therapy itself.

A third challenge involves the distinction between intrinsic and extrinsic mortality, with the former
being considered as caused by aging and the latter not. It has been noted for some time18 that the
complete elimination of all major age-related diseases would extend lifespan by only a couple of
decades; hence, it is argued, a rise of even a century in life expectancy is utterly fanciful. Yet, various
researchers have calculated (as noted earlier) that a life expectancy in the region of 1000 years would
result from the indefinite possession of a mortality rate seen in young teenagers in wealthy societies
today. The apparent paradox is no paradox at all, as it arises only from the over-restrictive definition of
Òage-related diseasesÓ to include only causes that end up on death certificates and rarely kill the young.
Death from some major causes that can afflict the young (such as road accidents) are much more life-
threatening to the elderly because they are frail Ð in other words, because of aging.

Conclusion
Ultimately, all the fits of knee-jerk incredulity just listed have the same basis: in general, demographers
are simply unwilling to regard the scenario of successful intervention in aging as plausible in the first
place, so when impelled to opine on the demographic scenarios that would result from such
interventions they opine instead on scenarios in which aging still exists but less obviously so. These are
straw man arguments of the first order: demographers should avoid this temptation. They are as entitled
as anyone to express their opinions concerning the likely rate of biomedical progress, but they do not
truly fulfil their professional obligations to the society that trained and funds them if they apply their
specialist skills to compute the demographic outcomes only of the biomedical scenarios that they
favour and not of alternative ones predicted by non-demographers. By the time we know for certain
whose biomedical predictions are correct, it will be too late fully to undo the policy errors resulting
from erroneous assumptions made as a result of this incomplete provision of information to policy-
makers. Society therefore needs Ð and is entitled to expect Ð demographers to set their biomedical
opinions to one side for long enough to advise society of the demographic consequences if those
opinions are wrong.

This is even clearer when one recalls that demographers are precisely the group who best appreciate
how acute will be the problems facing society in coming decades if population aging is not
accompanied by biomedical advances of the magnitude of RHR. Hence, just as in the case of
biogerontologists who shun debate on such matters,23-25 it is particularly unfortunate that they risk
delaying RHR, LEV and AEV by overconfidently touting their impossibility and thus dissuading
society from working towards them. Recently, Olshansky and colleagues published an article explicitly
focused on the biological basis for their pessimism about extreme life extension;26 whether or not one
considers its logic biologically na•ve, we should hope that its publication sets a trend.
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