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Dear Editor,

Statements that mean and maximal lifespan could increase to 150 years and more, and even
without any limit, are not breaking news, as they have been claimed for decades and centuries. For
instance, the French mathematician Condorcet [1] wrote in 1795 that, in the future, lifespan could
continuously increase before reaching, or not, an asymptotic limit. Similarly, the French (formerly
Russian) biologist Métalnikov [2] wrote in 1937 that people could live well beyond 150 years,
provided living conditions would be optimal. Robine and Hermann [3] have reported such claims,
including those that endorsed the idea that Patriarchs of the Bible lived for centuries. Nowadays, de
Grey [4] has claimed that people born in 2000 could live for 5,000 years, well above the assumed
lifespan of Patriarchs. The idea, not to say the hope, that lifespan coud increase without any clear
limit, or so far a limit that it is difficult to envisage it, has given rise to many attempts to increase
lifespan (for a review see [5]). Today, only some biogerontologists explicitly accept that lifespan
could increase with no or a remote limit, as Guarante and Kenyon [6] who wrote that “we begin to
think of ageing as a disease that can be cured”. The idea that lifespan could increase at will is let to
transhumanists (e.g., [7]) and to biotechnology companies thriving on the hope to defeat ageing [8].

However, there is a long-lasting debate among demographers and biogerontologists on mean
and maximal lifespan increases in the future. The 1997 collective book Longevity: to the limits and
beyond [9] confronted the points of view of scholars arguing either that there are practical limits to
life expectancy in France [10] or that the average French baby could live to 100 [11]. In subsequent
years, Oeppen and Vaupel [12] wrote that country “record life expectancy will reach 100 in about six
decades” and Christensen et al. [1 3] that the median lifespan of the 2007 Japanese birth cohort could
be 107 years, and thus probably longer for women. Recently, Vaupel et al. [14] wrote that “if the
current pace of progress in life expectancy continues, most children born this millenium will celebrate

their 100" birthday”, which should probably be understood as “the beginning of the millenium”
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because, obviously, forecasting what would occur in several centuries from now has not any heuristic
value.

Beside forecasts of life expectancy, one can wonder what is the maximal lifespan, i.e., the
lifespan of the last survivor (Maximal Reported Age at Death, MRAD), and if the lifespan of the
record-woman Jeanne Calment, 122 years and 164 days, will remain the MRAD. Estimating MRAD
requires to know mortality rates at extreme ages. It has been proposed that these rates fit to the well-
known Gompertz trajectory, i.e., they increase with age (e.g., [15]), or that a plateau is observed
above 100 or 105 years of age, with a yearly 50% mortality rate (e.g., [16]). In the first case, MRAD
is reached when the death rate is 100%, the last survivor dying in this last time-interval. However,
depending on the position and steepness of the slope, which could differ among populations or
periods, this limit can be reached at various ages: the inescapable conclusion is that a fixed limit, say
126 years and not a single day more, cannot be practically established even if it theoretically exists.
In the second case, MRAD is depending on the size of the cohort: with a 50% yearly death rate above
100 years of age [16] only one among one million centenarians is expected to live to 120. In other
words, there is no theoretical limit to lifespan and the MRAD can slightly increase with the size of
the cohort (e.g., 122 years if the number of centenarians is 4 million). Obviously, if the yearly
mortality rate at, say, 105 years, is 50%, it follows that MRAD will be higher if mortality rates are
constant than if they increase with age.

The issue is that it is difficult to accurately estimate death rates at extreme ages, because the
number of subjects is so low that confidence intervals are very high, and hot debates can occur (e.g.,
[17]) without any firm conclusion. For instance, Gampe [16], studying US supercentenarians (people
reaching 110 years of age), wrote that “uncertainty for the annual probabilities of death increases
quickly, and is large after age 113, at which point the data are too sparse to allow for an accurate
assessment”, but nevertheless concluded that “the shape of the survival curve suggests an exponential

model, implying a constant hazard”. Yet, the Figure 3.2. in [16] could also suggest that death rates
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slightly increase with age from 110 to 115 years of age, before a decreasing is observed. Because the
95% confidence intervals are so high, covering nearly the 0-100% mortality range at 113 years of age
and all the range above this age, one could conclude anything from these results. Similar conclusions
could be reached for the European supercentenarians (Figure 3.3 in [16]).

However, MRAD estimates are not really different whether one relies on constant or increasing
with age death rates. Robine and Hermann [3] showed, using the 2013-2070 French forecasts, that in
coming decades MRAD would be around 115 years in both cases, the estimate being slightly lower
with a Gompertz model. Similar results were observed for the whole planet, MRAD being around
120 years, with a 124 years extreme value. In other words, no matter the model, MRAD will be
around 115-120 years in coming decades, which is similar to or slightly higher than current values.
These results also show that increasing the sample size from 65 million to 7.5 billion inhabitants only
increases MRAD by no more than 5 years.

Ten years ago, I wrote in a review [18] of the book Supercentenarians [19] that “one may
regret that this book on supercentenarians did not go beyond the beginning of this debate on maximal
longevity”. Today, this work has been done, even if the law governing death rates at extreme ages
remains intractable, and nearly no authors conclude that maximal longevity will reach 150, 200 or
higher values, even if the number of centenarians strongly increases in coming decades. In such
conditions, and because it is possible to answer the final question of Vaupel [17], “how long can we
live?”, by saying that the observed maximal lifespan is 122 years, and maybe slightly longer in next
decades [3], one may argue that time is ripe to relax efforts in searching the best model predicting
MRAD, because both models provide the same answer: MRAD is ca 120 years. One can also argue
that knowing whether MRAD will be 120, 125, or even 130 years in next decades has no practical
importance, because only a very few persons will approach these ages. Thus, there is no concern
about the “costs” of these very few supercentenarians. From a theoretical point of view, there is also

no actual importance of knowing the best death rate model at the highest ages. As the number of last
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survivors is obviously very low, estimating mortality rates at these ages will always face the same
problems as today: a too low number of subjects. There are other biological traits that appear to have
a limit, even if it is not precisely known. Body size has increased in the last decades up to a plateau
[20], and a very few people reach extreme heights, the world record being 2.72 m [21] but, as far as
I know, there is no passionate debate to know whether there is a limit to human size. Maybe because
the valuable question is modulating the growth of children, by increasing or decreasing it, and not to
know whether, one day, a new height record will be established.

Therefore, thanks to the work of demographers and biogerontologists, we know how modelling
mortality rates at very old ages — two models equally fit — and it is maybe not essential to spend
the next ten years in trying to separate these two models. By contrast, knowing whether, before these
extreme ages, mortality rates are increasing with age or are constant is useful. Gavrilov et al. [22]
reported that the death rates of US centenarians have not decreased since the 1940s, in contrast to
what is observed for octogenarians and nonagenarians. Does it imply that the death rates of
centenarians cannot decrease or is it a transient phenomenon, like was the stagnation of lifespan
during the 1970s [23]? If death rates are actually constant in centenarians with a yearly 50% value,
as hypothesised for supercentenarians [16], no medical progress is expected to occur at these ages. If
they increase with age, one could hope to lower the curve of death rates, as done for younger ages,
even if its slope cannot be modified. Similarly, selecting the best forecast model of life expectancy at
birth in coming decades ([14] but see [24]), and thus knowing the number of old and very old people
in each country, is of importance to better manage our societies in coming decades.

All these topics are of importance and need the attention of demographers and
biogerontologists, but one can surely afford not to use our working time in coming years to separate
the two models of mortality rates in supercentenarians, as they roughly provide the same MRAD. As
a proverb stands, “It doesn’t matter if a cat is black or white, as long as it catches mice”: in

supercentenarians, MRAD stands for the mice, and the Gompertz and the constant mortality models



are the black and white cats.
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