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Biodemography of human ageing
James W. Vaupel1,2,3

Human senescence has been delayed by a decade. This finding, documented in 1994 and bolstered since, is a 
fundamental discovery about the biology of human ageing, and one with profound implications for individuals, 
society and the economy. Remarkably, the rate of deterioration with age seems to be constant across individuals 
and over time: it seems that death is being delayed because people are reaching old age in better health. 
Research by demographers, epidemiologists and other biomedical researchers suggests that further progress 
is likely to be made in advancing the frontier of survival — and healthy survival — to even greater ages.

The finding that mortality at advanced ages can be postponed, and indeed 
is being postponed, resolved a millennia-old debate about whether sur-
vival could be extended among the elderly1–13. The evidence published 
since 1994 is compelling14–27. Unless radical breakthroughs are achieved, 
perhaps as a result of research on other species, humans will continue 
to suffer senescence — but the process is not intractable. Mortality has 
been postponed considerably, as a result not of revolutionary advances 
in slowing the process of ageing but of ongoing progress in improving 
health. The debility that often characterizes the last years of life also seems 
to have been delayed, although the evidence is mixed, in part because det-
erioration is difficult to define and measure28–36. The future is uncertain, 
but it seems plausible that very long lives may be the probable destiny of 
younger people alive today. If progress in reducing mortality continues 
at the same pace as it has over the past two centuries23, which is a matter 
of debate37, then in countries with high life expectancies most children 
born since the year 2000 will celebrate their 100th birthday — in the 
twenty-second century28. Longer lifespans will alter the way individuals 
want to allocate time during their lives and will require radical revision of 
employment, retirement, health, education and other policies9,38,39.

Although Oliver Wendell Holmes advised people who wanted to live 
long to “advertise for a couple of parents both belonging to long-lived 
families”40, genetic factors have a modest role in determining how long 
individuals live41–45. The progress being made in lengthening lifespans and 
postponing senescence is entirely due to medical and public-health efforts, 
rising standards of living, better education, healthier nutrition and more 
salubrious lifestyles23,46. Future progress in improving health among the 
elderly, however, probably will be fuelled in part by interventions devel-
oped on the basis of deeper understanding — in humans and in non-
human species — of genetics45,47–51 and of the root causes of ageing6,52–62.

After summarizing the evidence that mortality is being postponed, in 
this Review I examine the less conclusive evidence that debility is also 
being postponed. The process of deterioration with age is not being 
slowed over time: it is being delayed. I discuss this and then turn to the 
causes of the postponement. In the final sections, I consider probable 
future developments in human ageing and in biodemographic research 
on human ageing.

The postponement of mortality
The hypothesis that mortality at higher ages is being postponed 
was proposed two decades ago on the basis of suggestive data about 
progress in reducing death rates and about such special populations 
as Mormon high priests9,10,12. The first conclusive finding that death is 

being delayed stemmed from an analysis of Swedish mortality data14. 
Mortality is by far the most readily and reliably measured index of 
health. Most countries have compiled serviceable vital statistics for 
decades. Sweden pioneered the systematic collection of data on deaths 
and has had a good system of national reporting since the 1750s and 
an almost impeccable one since 1861.

These data permitted study of the age at which remaining life expect-
ancy fell to five years (Fig. 1). The discovery that “the process of aging 
has been … delayed” was supported by analyses of the decline over time 
in death rates at advanced ages14. Two subsequent studies15,16, also pub-
lished in 1994, confirmed that mortality is being postponed in other 
countries. Research since then shows that postponement is continu-
ing17–27. A remarkable finding is that the delay of death is fuelling a large, 
rapid increase in the numbers of centenarians63 (Fig. 2).

The evidence that mortality is being postponed surprised demog-
raphers and actuaries. Most of these specialists, whose business it is to 
forecast mortality trends, believed that human life expectancy was close 
to an upper limit11,23. They based this view on both data and theory. They 
analysed extensive data on mortality trends, albeit not for mortality after 
age 85. Although they could see that death rates were falling, they felt that 
death rates could not fall much further. This pessimism reflected their 
inability to imagine the advances that might be made to delay death23, 
reinforced by their understanding of the theory of mortality.

In particular, they accepted the widely held view1,8,13 that there is only 
one cause of death at an advanced age, namely old age, and that nothing 
can be done about it. This notion, which can be traced back to Aristotle’s 
distinction between premature and senescent death2, led to the conclu-
sion that every species has a characteristic maximum lifespan. Other 
scholars, from Galen3 in the late second century ad and Cornaro5 in the 
1500s to today’s scholars64,65, argued that dietary restriction could extend 
lifespans, and numerous other conjectures were proposed about the 
secrets of longevity1,4,66. Evolutionary biologists believed that senescence 
— deterioration with age — was inevitable for multicellular species6,54–62 
but that genetic and other interventions might slow the process54–59. 
Demographers and actuaries concluded, correctly, that such interven-
tions in humans were unlikely in the short term. Furthermore, many 
students of human ageing believed that if lives were saved at lower ages, 
then frail individuals would survive to higher ages, making it more and 
more difficult with increasing age to reduce mortality and morbidity7.

In addition to the demonstration that mortality at advanced ages 
is being postponed, other research helped overturn the belief that life 
expectancy was approaching its limit. The notions of intractable senescent 
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death and of species-specific maximum lifespans were refuted in two 
back-to-back articles49,67 in Science in 1992. Research on Danish twins 
born since 1870 found no evidence for an innate maximum lifespan 
shared by identical twins. Only about 25% of the variation in adult 
lifespans could be attributed to genetic variation among individuals41,42. 
This percentage seems to increase slightly with age, but even among the 
elderly, genetic variation still seems to have only a modest impact44. Its 
impact might, however, be more significant at the oldest ages43. As dis-
cussed in the next section, the progress made in saving lives seems to have 
also improved health, even in advanced age, but this is still uncertain and 
is an important topic for research.

The quest to uncover major longevity genes in humans has had little 
success45. Two variants of the apolipoprotein E gene (APOE) have been 
shown in multiple studies to be risk factors that lower or raise, respec-
tively, the chances of death at higher ages by a factor of roughly 1.1 or 
1.2 relative to the baseline risk faced by people with the common vari-
ant47,48. Although studies have found many genes that reputedly affect 
lifespans, none has an effect as big as the modest effect of APOE, and 
few have been replicated in multiple studies. All functioning genes in 
all species contribute directly or indirectly to fertility, survival or both; 
evolutionary theory and a few empirical studies suggest that variants 
that substantially increase longevity are probably rare under natural 
conditions because they reduce reproduction55,57–59,62,68. In the nematode 
Caenorhabditis elegans, hundreds of genes have been artificially altered 

to lengthen lifespans50, some with very large effects. The discovery of 
the first of these genes, age-1, was a seminal advance that revolutionized 
our understanding of the genetics of ageing51. In humans, it seems likely 
that polymorphisms at hundreds and perhaps thousands of genetic loci 
each have a small role in increasing or decreasing the risk of death and 
debility in advanced age.

The evolutionary theory of ageing has been interpreted as implying that 
senescence is inevitable for all multicellular species6. A major contribution 
of researchers in the nascent field of biodemography has been to show that 
the theory should be expanded to permit greater variation in patterns of 
ageing, including so-called inverse senescence — the decline of mortality 
and the improvement of health over all or most of adult life60–62. Research 
in the laboratory and in the field confirms that, for some species and some 
periods of adult life, mortality can decline with age and that changes in diet 
and other environmental factors, as well as genetic changes, can greatly 
alter age trajectories of survival49−51,54,55,60,64.

Progress in delaying debility
In comparison with death, health is difficult to measure and is often 
unreliably reported. Estimates of population health are usually based on 
data from surveys hindered by low participation, especially among the 
sick. Demographers and epidemiologists have begun to compile serv-
iceable information about the postponement of senescence as captured 
by various indices of health28–36, but the picture is much less clear and 
more mixed, especially with regard to data on individuals over age 85 
and on cognitive performance, than the cogent perspective provided 
by mortality statistics.

The prevalence of diseases and morbid disorders among the elderly has 
tended to increase over time28. Part of the rise can be attributed to earlier 
diagnosis of, for example, type 2 diabetes, hypertension and some cancers. 
The prevalence of heart disease and arthritis seems to have increased, and 
individuals are more often reported to have multiple disorders.

Figure 1 | The postponement of mortality. Historical trends in X5 and 
X10, the ages at which remaining life expectancies are, respectively, five 
and ten years, for females in Sweden (1861–2008), the USA (1933–2006) 
and Japan (1947–2008). For Swedish women, since 1950 senescence as 
measured by X10 has been postponed by about eight years. For Japanese 
women, since 1950 X10 has risen by about 12 years. Note that for all three 
countries, the curve for X5 follows the same general trajectory as the curve 
for X10 but at a roughly constant gap of about a decade of age. This indicates 
that senescence, as captured by these two measures, is being postponed 
rather than lengthened. Both indicators show that progress in postponing 
senescence was slow for women in the USA between 1980 and 2000. The 
prospects are that more rapid progress can be expected in the future77,83: the 
rapid rise in X5 and X10 in recent years for US women may be a harbinger of 
this. (Data extended and updated from a graph in ref. 14 using information 
from the Human Mortality Database (http://www.mortality.org), from 
Statistics Sweden for Sweden 2008 and from the Japanese Ministry of 
Health for Japan 2008.)

Figure 2 | The emergence of the extremely old. The numbers of females 
aged 100+ in Sweden from 1861 to 2008 and aged 105+ in Japan from 1947 
to 2007. Very old people were rare until roughly half a century ago. Since 
then, the number of Swedish centenarians has risen rapidly, and since 1975 
the number of Japanese women 105 or older has climbed almost vertically. 
(Data from the Kannisto–Thatcher Database on Old Age Mortality (http://
www.demogr.mpg.de) supplemented with data from Statistics Sweden and 
the Japanese Ministry of Health.)
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Disability is usually measured in terms of self-reported limitations 
concerning activities of daily living, such as dressing, bathing, shopping 
and so on. There is increasing evidence that the prevalence of disability 
may be decreasing28,29,31–34, reflecting better treatment and a postpone-
ment of senescence, but some studies find an increase in the prevalence 
of disability33,35,36.

Health expectancies measure the number of years of healthy life a 
person can expect to have given current health conditions28. The number 
of years spent in self-perceived good health has been increasing in most 
countries studied28, whereas trends in the number of years spent with 
disability have evolved differently depending on the severity of the dis-
ability: a decrease for the most severe levels and an increase for the less 
severe levels, but with substantial differences among countries28.

There is little available evidence on improvements in morbidity, func-
tioning and health expectancy after age 85, but it seems that, at least in 
the United States and at least for disability, substantial improvements 
were made in the 1990s28,29,34. In Denmark, information on centenar-
ians born in 1895–1896 can be compared with similar information on 
centenarians born in 1905. The later cohort of centenarians was 50% 
larger than the earlier cohort, mainly because the chance of survival 
between the ages of 80 and 100 had substantially improved32. None-
theless, physical disability and cognitive impairments in the two cohorts 
were comparable, with women in the more recent cohort having slightly 
better health31.

The prevalence of a disease or condition depends on the net balance 
between death and incidence, with death delayed by more effective treat-
ment and with incidence increased not only by the greater frequency of 
the condition but also by improved screening. Three states of health can 
be distinguished: a person can be healthy, unhealthy or dead. To the extent 
that the unhealthy state is better than death, greater prevalence of mor-
bidity among the elderly may be a positive development. The unhealthy 
state can be broken down into two states: having a chronic illness but 
being able to function, and being disabled. Although it does not reduce 
morbidity, effective rehabilitation reduces disability. Suffering from erratic 
heart rhythms but controlling them with a pacemaker, or suffering a stroke 
but getting physical therapy, increases the prevalence of morbidity but is 
preferable to being incapacitated by illness, or death. Research on which 
countries are doing best in minimizing disability — and how — could 
greatly benefit the elderly.

In the absence of more evidence, indirect assessment is informative. 
Most kinds of morbidity and disability, including heart disease and 
dementia, lead to higher death rates. Hence, if poor health after age 85 
were not being postponed, it would be difficult to reduce mortality after 
this age. In the short term and depending on the health index studied, 
the net result of the twin processes of saving lives and improving health 
can lead to either increases or decreases in the prevalence of morbid-
ity and disability. This dynamic may explain why health in the elderly 
sometimes improves when progress in reducing mortality is slow (for 
example in the United States29,34 (Fig. 1) and Denmark31,32 in the 1980s 
and 1990s) and worsens when progress is more rapid (for example in 
Sweden35 and especially Japan (Fig. 1) in recent decades36). In the long 
term, however, better health at an advanced age might be a precondition 
for continued improvements in survival. This is a plausible hypothesis, 
but conclusive evidence is lacking.

Almost all studies of ageing in populations of non-human species 
focus on mortality as the index of senescence. More laboratory and 
field studies of age-related patterns of morbidity and disability in other 
species are needed.

With rising age, women make up an increasing share of the population. 
In Sweden in 2008, almost 52% of births were boys and, despite higher 
male death rates, men outnumbered women up to age 60. There were 
three women for every two men by age 80 and six women for every man 
among centenarians. In terms of various indices of health and disability, 
however, older men generally do better than coeval women. This is the 
health–survival paradox: men seem to be healthier than women, but 
they die younger69. Social and biological factors interact to determine the 
prevalence of frail females and dead males, but the relative importance 

of specific mechanisms is not well understood69–71. Males tend to believe 
their health is better than it actually is and do not seek medical care as 
frequently as females: they have fewer appointments with general prac-
titioners but require emergency treatment more often69. Females seem 
to be better able to survive with poor health72. Males tend to engage in 
reckless behaviour. This tendency may be partly genetic in origin, hav-
ing its basis in the different reproductive opportunities males face in 
comparison with females70,71.

Delay not deceleration
Senescence results from a cumulative imbalance between damage and 
repair57,62. Progress in reducing damage (by means of public-health 
efforts to enhance living conditions and to prevent disease, for exam-
ple) and progress in increasing repair (by medical interventions, for 
example) are the two fundamental causes of health improvement. It 
might be thought that such progress would slow the rate of deterior-
ation such that the debilitation that used to occur between ages 70 
and 80 would occur between ages 70 and 85 and the debilitation that 
used to occur between ages 80 and 90 would occur between ages 85 
and 100. Remarkably, this does not seem to be the case. Indeed, the 
pace at which death rates increase with age accelerated somewhat over 
much of the twentieth century and has been roughly constant in recent 
decades17–19,24–27. The evidence suggests that deterioration, instead of 
being stretched out, is being postponed: levels of mortality and other 
indices of health that used to prevail at age 70 now prevail at age 80, and 
levels that used to prevail at age 80 now prevail at age 90. The various 
strands of demographic and epidemiological evidence reviewed above, 
and some intriguing animal studies64, have been reinforced by new evi-
dence from a study of supercentenarians (that is, people 110 years old 
and older)73.

Most reported cases of a person being a centenarian — and to an even 
greater extent a supercentenarian — are erroneous73,74. To verify reputed 
high ages, correct birth records have to be found. A meticulous research 
endeavour has yielded a remarkable finding: between the validated ages 
of 110 and 114, the annual probability of death is constant at a level of 
50% per year73. The sparse observations of survival after age 114 are not 
inconsistent with the hypothesis that mortality stays at this level at all 
ages after 110. As explained in Box 1, this result implies that at least at 
advanced ages, human individuals deteriorate at the same rate.

Causes of past and future postponement
Prosperity and medicine seem to be the two main factors contribut-
ing to the postponement of senescence34,46. Prosperity matters because 
older people are healthier when they live in insulated housing, wear 
appropriate clothing, eat appetizing food and enjoy their days. It mat-
ters also because health care can be expensive, especially for innovative 
treatments, and because more resources can be devoted to biomedical 
research in richer economies. Furthermore, prosperity is important 
because citizens of wealthy countries tend to be well educated, and the 
well educated tend to live healthier and longer lives. Medical treatments, 
surgical interventions and public-health efforts to prevent or mitigate 
illness and disability are particularly important for people weakened 
by senescence. It is not known whether prosperity or medicine is the 
more important factor, in part because the two interact with each 
other. Prosperity allows better treatment, further education and more 
research; healthier populations are more productive and prosperous. 
Two countries at the same level of income per capita can have different 
healthy life expectancies, and some countries with modest standards 
of living do as well as much richer countries75. Understanding why is 
a research priority.

Many additional factors interact to determine why some people 
live longer or shorter healthy lives than average59,76. Despite intensive 
research, the impact of family structure, social networks, obesity and 
other factors is not well understood77. For instance, opinions differ about 
the relative importance, in determining health in old age, of early-life 
conditions versus conditions later in life. On the one hand, some kinds 
of event in utero and in childhood have significant ramifications for 
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The two graphs shown here illustrate how the age pattern of mortality for 

a heterogeneous population (red) can be qualitatively different from the 

age patterns for the subpopulations that comprise it (blue).

The graph on the left depicts a population that consists of 

subpopulations with different levels of age-specific mortality but 

with the same constant rate of ageing (that is, pace of increase in 

mortality with age). The rate of ageing determines the slopes of the 

blue trajectories: the trajectories are straight lines because the vertical 

axis is on a logarithmic scale. The dying out of the subpopulations is 

indicated by the fading of the blue colour. The subpopulation with the 

highest level of mortality dies out first, leaving a population that consists 

of the second subpopulation and, increasingly, the third subpopulation. 

If there is a continuous range of subpopulations, with the three shown 

in blue representing illustrative cases, then the force of mortality for 

the population as a whole — the surviving population — can follow a 

trajectory similar to the one shown in red. Mortality in the population as 

a whole can level off at a constant value that reflects a balance between 

the increasing mortality of each subpopulation and the changing mix of 

subpopulations97–99.

The graph on the right is analogous, but the subpopulations differ 

in their rate of ageing; there are also differences in the initial level of 

mortality, at age 80. Regardless of the magnitude of the differences in 

the initial level of mortality, populations with subpopulations that age at 

different rates typically show an eventual decline in the force of mortality 

for the population as a whole, as indicated by the red curve98.

Mortality for humans seems to level off after age 110 (ref. 73), consistent 

with the graph on the left. Exceptionally long-lived people seem to reach 

advanced ages not because they senesce more gradually than others (as 

depicted by the lowest blue curve in the right-hand graph) but because 

they reach old age in a better state of health (as depicted in the lowest 

blue curve in the left-hand graph). Genetic defects that speed the process 

of ageing in people who suffer from segmental progeria have been found. 

But no mutation, at least in humans, has been discovered that decelerates 

the process, and it may be that no such mutation is prevalent in human 

populations. Hence, I propose the hypothesis that except for individuals 

with accelerated-ageing disorders, all older humans have a similar, and 

perhaps essentially the same, rate of increase in mortality with age. 

I believe that this should be tested.

This hypothesis is consistent with the finding that the process of 

senescence is being delayed rather than being decelerated. Longevity is 

increasing because the set of blue curves in the left-hand graph are shifting 

down or, equivalently, shifting to the right. There has not been a decline in 

the slope of the blue curves, such as is depicted in the right-hand graph.

Reference 100 provides an accessible introduction to the dynamics of 

heterogeneous populations.

Box 1 | Dynamics of heterogeneous populations

health in old age78, including season of birth79,80. For instance, babies 
born in November in Europe around 1900 lived several months longer 
after age 50 than babies born in May79. Evidence, however, is mixed 
about the lingering consequences of suffering through a famine81, and 
being a twin in utero does not seem to have any long-term effect82. Fur-
thermore, studies of twins report that less than 10% of the variation in 
adult lifespan can be attributed to childhood environments shared by 
the twins41,42. On the other hand, it is known that cigarette smoking 
during adult years has very serious effects on health even decades later, 
and patterns of cigarette smoking seem to be the most important key to 
explaining why progress in reducing adult death rates is faster in some 
countries than in others77,83. It is also clear that events later in life, such 
as medical advances or economic growth, are the prime determinants 
of progress in reducing death rates among the elderly16,17,26,77,84: a striking 
example is that after the unification of Germany two decades ago, the 
rates of death of the old and very old in the former East Germany rapidly 
declined and approached those of the former West Germany85.

A person has little chance of surviving to very old age if he or she 
smokes cigarettes, gets little exercise and is grossly obese, but even a 
person who strives to behave in a healthy manner has a probability of 
only a few per cent of living to age 100 under current health conditions. 
A century ago, the chance of becoming a centenarian was two orders of 
magnitude lower (Fig. 2). By contrast, half of the children alive today in 
countries with high life expectancies may celebrate their 100th birth-
day28. Personal behaviour is crucial in achieving a relatively long life 
compared with one’s contemporaries, but the general level of longevity 
in a population is determined by prosperity and medicine.

Further postponement of senescence in the future depends on 
progress in improving the health not only of older people but also of 
younger people, such that they reach old age in better condition. Much 
can be done on the basis of existing knowledge37. Public-health efforts 

to make home and outdoor environments safer and to reduce self-
hazardous behaviour (cigarette smoking, excess alcohol consumption, 
obesity, lack of exercise and so on) will be important, as will efforts to 
provide high-quality health care to everyone. Even in egalitarian socie-
ties, lifespans vary considerably86: mortality patterns in 2008 in Sweden 
imply that most people will live past age 84 but that one in six will die 
before age 70.

To achieve life expectancies of 100 years or more, new knowledge 
will be needed37. Research advances suggest that cardiovascular dis-
eases and malignant neoplasms will be prevented and treated much 
more effectively in the future. Two scourges of senescence are cognitive 
impairment, often due to Alzheimer’s disease, and sensory depriva-
tion (Shakespeare’s “sans teeth, sans eyes, sans taste, sans everything”). 
Progress in overcoming these scourges would greatly enhance old age. 
Genetics research, both in humans45 and in non-human species50, will 
contribute to a deeper understanding of the mechanisms that cause 
senescence and may allow individualized medical treatment based on 
knowledge of individuals’ genomes. Research on dietary restriction64,65 
and other non-genetic interventions might also lead to strategies for 
delaying human ageing. The nascent field of regenerative medicine 
shows great promise, and in the coming decades it might be possible to 
rejuvenate organs and tissues. Nanotechnologies also might have a role 
in postponing senescence.

Forecasts and consequences of longer lives
Demographers generally forecast future levels of mortality by extrapo-
lating past trends23,87,88, occasionally making adjustments for likely 
changes in trends83. The future may bring disasters (for example epi-
demics, wars, economic crises or climate change) or breakthroughs 
(perhaps in taming senescence), but the past has also been characterized 
by disasters and breakthroughs. Over the past 170 years, in the countries 
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with the highest life expectancies, these events neither decelerated nor 
accelerated the long-term increase in life expectancy, which proceeded 
at a pace of 2.5 years per decade, or six hours per day23.

In the early 1860s in Sweden, on average about three people each year 
(mainly women) celebrated their 100th birthday, whereas in 2007 more 
than 750 did so, a 250-fold increase. (Figure 2 shows the sharp increase 
in the number of Swedish female centenarians.) In the year 2107, 50,000 
or 60,000 people, more than half the cohort born in 2007, might become 
centenarians, a further ~75-fold increase, benefiting children who are 
alive today28.

If it became possible to slow the rate at which death rates rise with 
age, then senescence would be substantially decelerated. Consider, for 
instance, remaining life expectancy at age 50. For contemporary Swed-
ish females, halving the annual probability of death after age 50 would 
increase the expected age at death from 84 to 90. Halving the rate of 
ageing after age 50, however, would increase the expected age at death to 
118. This prospect has encouraged some experts on ageing to advocate a 
“change in strategy”52 to augment research on diseases with a “systematic 
attack on ageing itself ”52. Although reductions in deaths from any spe-
cific disease will not radically increase life expectancy, advances against 
many diseases synergistically reinforce each other, especially because 
co-morbidity is so prevalent among the elderly. Disease-specific progress 
has propelled, and is likely to continue to propel23,37, increases in remain-
ing lifespan in old age upwards by several months per year. Calls for a 
new strategy to “slow ageing by seven years”53 should acknowledge that 
mortality has already been postponed for even longer (Fig. 1) and that 
continued progress at the same pace as over the past few decades would 
delay death by another seven years in three or four decades.

If a young person knew that he or she would probably survive past 
age 100 and live 90 or 95 of those years with good cognitive and physical 
abilities, they would probably prefer to spend their life differently from 
how most people do today9,38,39. In many countries, especially countries 
with long life expectancies, people work hard at the ages when they could 
have children and spend time with them and then retire at ages when 
their children are no longer in need of daily care. Devoting two decades 
or more to education, the next three or four decades to trying to combine 
work and family, and then enduring leisure for a probable four decades 
might seem less desirable than spreading and mixing education, work, 
child rearing and leisure across more years of life.

Figure 3 displays the population distribution of Germany in 2005 and 
the likely distribution in 2025. Figure 4 shows how many people work 
at various ages and how much they work. The patterns in Figs 3 and 4, 

which roughly reflect the situation in other rich countries, imply the 
surprising result that Germans work 16.3 hours per week per capita. If 
work effort remains at 2005 levels but the population distribution shifts 
to the 2025 pattern, then work per week per capita will fall to 14.9 hours. 
To maintain the output of the German economy, additional work effort 
has to be supplied, and policies seek to do so by increasing employment 
among people in their late 50s and early 60s. These policies are opposed, 
however, because people who have worked hard most of their lives resent 
having to work even longer.

A sensible alternative is to compensate younger people for working 
when they are older by allowing them to work fewer hours per week over 
the whole course of their lives. The total output of the German economy 
can be maintained if citizens work more years but correspondingly fewer 
hours per week. One option is depicted in Fig. 4. The twentieth century 
was a century of the redistribution of wealth; the twenty-first century will 
probably be a century of the redistribution of work39.

Perspectives
Before the discovery that senescence could be postponed, geriatric 
medicine was viewed as a laudable but rather futile effort to palliate 
the misery of those in the process of dying. Today, however, geriatrics 
is becoming a more attractive and increasingly important speciality. 
Similarly, research on ageing, once an observational backwater, is now 
an engaging, proactive science, with considerable funding from the US 
National Institute on Aging but much less support in other countries.

The demography of ageing has developed into one of the most excit-
ing fields of demography89, with research on the biodemography of 
ageing56,89–91 and recently on the evolutionary biodemography of age-
ing60–62,91–93 emerging as innovative initiatives. The discipline of demog-
raphy is based on a mathematical foundation, benefits from extensive 
data, is of interest to policy-makers and the public, and is linked with both 
the social sciences and the biological sciences, and it has had, and will 
continue to have, a major role in the deepening understanding of ageing. 
Dobzhansky asserted: “nothing in biology can be understood except in the 
light of evolution”94. It can similarly be asserted that nothing in evolution 

Figure 4 | Employment in Germany by age. Proportion of people by age 
working in Germany in 2005 (red line) and hypothetically in 2025 (black 
line), and hours worked per week per worker in 2005 (grey–green area) and 
hypothetically in 2025 (grey–blue area). Under the hypothetical scenario, 
at most ages a greater proportion of people would work, as shown by the 
difference between the black and red lines. At ages under 55, the employed 
in 2025 would work fewer hours per week on average than those in 2005: 
they would not contribute the work denoted by the green area. At ages 
between 60 and 70, the employed in 2025 would work more hours per 
week on average than those in 2005: they would contribute the additional 
work effort denoted by the blue area. In the hypothetical scenario, people 
aged from 20 to 65 work an average of about 25 hours per week: the 90% 
who work contribute about 28 hours of effort on average. If one-tenth of 
the population between ages 20 and 65 does not work at all, then another 
one-tenth could work 40 hours per week, four-tenths could work 30 hours 
per week and the remaining four-tenths could work 20 hours per week to 
maintain the work output at 2005 levels. (Calculations based on data from 
the EU Labour Force Survey.)

Figure 3 | The population of Germany by age. The number of people in 2005 
(red line) and 2025 (projected, blue line) by single year of age in Germany. 
Note that the projected population distribution in 2025 is similar to the 
distribution in 2005 but shifted 20 years to the right. The differences between 
the two distributions are mainly due to mortality; international immigration 
and emigration are relatively unimportant in Germany. The area coloured 
in red represents the loss of people younger than age 54 from 2005 to 2025; 
the area coloured in blue represents the gain of people older than 54. (Data 
from the Human Mortality Database (http://www.mortality.org) and the 
Coordinated Population Projection for Germany, German Statistical Office.)
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can be understood except in the light of demography (and vice versa), 
because evolution is driven by (and drives) the dynamics of fertility, mor-
tality and migration of non-human species and, to a considerable extent, 
of humans as well. These dynamics are the core of demography95,96.

As the average length of life has increased, the variance in age at death 
has decreased86: the countries with the highest life expectancies are the 
countries with the smallest disparities in lifespan. Most people in richer 
countries and an increasing proportion of those in developing countries 
can look forward to long, mostly healthy lives. This is arguably the most 
significant achievement of modern civilization.

Although many policy-makers realize that the world’s population is 
ageing, the pace of this change and its social, economic and health-care 
consequences have not been adequately recognized. Perhaps because 
the discovery did not arise from laboratory experiments or clinical 
trials, most biomedical researchers do not fully appreciate — and some 
seem to be unaware of 53 — the postponement of mortality. That senes-
cence can be postponed and is being postponed should, however, guide and 
encourage gerontological research, geriatric practice and policy reform.

The millennia-long debate about whether survival could be extended 
among the elderly has had a remarkable resolution. At advanced age, 
death can be delayed not because the rate of increase of mortality with 
age is being slowed but because people are reaching very old age in better 
health. Slowing the pace of deterioration has proved intractable, at least 
until now. But another aspect of ageing, the level of health among older 
people, can be changed. Taken together, these findings are so perplexing 
that they can be dubbed the ‘longevity riddle’: why do the evolutionary 
forces that shaped human ageing provide a licence to alter the level of 
health but not the rate of debilitation? A related question is why humans 
differ substantially in their level of health at any age but not in their rate 
of ageing (Box 1). Research is under way to discover whether and how 
the rate of ageing can be slowed37,52,53. At least as significant could be 
research on why and how senescence has been postponed and how it 
could be further delayed37. Priorities include research on nona genarians, 
centenarians and supercentenarians, on male versus female health and 
survival, and on how improvements in health and reductions in mortal-
ity in the young and the middle aged influence health and mortality in 
old age. Research on the hypothesis advanced in this article — that the 
rate at which the chance of death increases with age for humans may be 
a basic biological constant, very similar and perhaps invariant across 
individuals and over time — would fundamentally contribute to our 
understanding of how and why we age. ■
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