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RECORD LIFE EXPECTANCY for women has been increasing by about 2.5 years for
every decade since the mid-nineteenth century in countries where adequate
records exist (Oeppen and Vaupel 2002). Initially, the largest contributions
to this linear increase came from reductions in mortality among infants,
children, and young adults. Since the 1950s, progress has been propelled by
improvements at older ages. Under prevailing mortality regimes in countries
with high life expectancy, future increases in the average length of life for
both sexes depend on improving the survival chances of the elderly (Vaupel
1986; Vaupel and Yashin 1986).!

The prospect of prolonging life is a subject of wide interest to research-
ers. Kannisto et al. (1994), Kannisto (1994, 1996), and Vaupel et al. (1998)
present evidence that death rates are declining at older ages and that current
theory and empirical findings do not suggest a looming limit to life expectancy.
Caselli and Vallin (2001: 61) come to a similar conclusion: “[N]ot only is
there no proof that human longevity is an intractable constant, there is good
evidence that its boundaries are not fixed.” However, there is a wide range
of opinion about the limits to human longevity, ranging from the contention
that “[l]ife expectancy for humans ... is unlikely to exceed 85 years (for men
and women combined) unless it becomes possible to slow the rate of aging in
a significant fraction of the population” (Carnes and Olshansky 2007: 375) to
the “thousands of years” vision of Aubrey de Grey (e.g., de Grey 2006).

In this article, we investigate empirical trends in mortality at ages 80 and
higher in developed countries to determine whether the observed survival
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748 CONTINUED REDUCTIONS IN MORTALITY

improvements among the oldest-old (ages =80 years) are coming to a stand-
still, or whether progress is continuing along the trends described a decade
ago by Kannisto (Kannisto et al. 1994; Kannisto 1994, 1996).

In the late 1980s and through most of the 1990s, Kannisto and col-
leagues documented and analyzed the improvements in mortality at old
ages since the 1950s (Kannisto 1988, 1990, 1993, 1994, 1996; Kannisto et
al. 1994; Thatcher et al. 1998). The numbers of octogenarians in 12 coun-
tries determined to have good data quality were found to have tripled be-
tween 1950 and 1990 for men and quadrupled for women. The population
of nonagenarians grew by a factor of eight, and there were 22 times more
centenarians alive in 1990 than in 1950. The number of women and men
(combined) at ages 80 and above grew by a factor of four between 1950 and
1990 (Kannisto 1994: 22). This translates into an average annual increase of
3.47 percent in the number of the oldest-old during those four decades. The
probability of dying at age 80 in 13 countries with good data quality during
the 1950s was estimated to be 10 percent for women. Thirty years later, the
probability had fallen to 6.23 percent (Kannisto 1996: 21). As shown in Kan-
nisto et al. (1994) and Vaupel (1997), mortality at old ages did not simply
decrease: starting in the 1970s, the pace of improvement began to accelerate.
For example, the average annual improvement was about 0.8 percent when
comparing data from the 1960s with the 1950s for octogenarian women in a
group of 19 countries. Twenty years later, the corresponding improvement
was 1.88 percent annually.

The database

The data used here are from the Kannisto-Thatcher Database on Old-Age
Mortality (KTDB). The database contains population and death counts for
women and men aged 80 and older for more than 30 countries. The database
was initiated in the late 1980s by Vadin6 Kannisto, the former United Nations
advisor on demographic and social statistics, to address a lack of reliable and
internationally comparable information on old-age mortality. Roger Thatcher,
former Director of the Office of Population Censuses and Surveys and Reg-
istrar-General of England and Wales, soon joined Kannisto in this effort. In
the early 1990s, their data collection was computerized at Odense University
Medical School, Denmark. Since 1997 the Max Planck Institute for Demo-
graphic Research in Rostock, Germany, has hosted, maintained, and updated
the database. The database is freely accessible at http://www.demogr.mpg.
de/databases/ktdb/.

One of the major advantages of the KTDB is that its creators and data-
base managers applied the same methods for every country in order to pro-
vide comparable mortality estimates. Population data are usually less reliable
than information on deaths at advanced ages. Based on death counts by sex,



RAU / SOROKO / JASILIONIS / VAUPEL 749

age at death, year of death, and year of birth, cohort survival histories are
constructed using extinct cohort and survivor ratio methods (Vincent 1951;
Depoid 1973; Thatcher et al. 2002).

Ensuring high data quality and comparability across countries has been
of prime concern since the establishment of the database. Jdanov et al. (2008)
analyzed data quality for the countries documented in the KTDB by applying
a battery of tests (e.g., an age heaping index) and proposed a classification of
countries according to their data quality. Generally speaking, data quality for
every country examined improved over calendar time, with the exception of
Chile. Table 1a provides the numbers of persons at advanced ages for the years
1950, 1960, 1980, 1990, 2000, and 2004 for all countries in the KTDB, sorted
into four categories according to data quality for the interval 1991-2000, as
categorized by Jdanov et al. (2008). The majority of the countries examined
have at worst “acceptable data quality,” which means that, while their data
show some problems, the data describe the mortality trends of the country
generally correctly (Kannisto 1996). Canada and the United States system-
atically show weak or conditionally acceptable data quality up to the 1990s,
and Chile has the poorest data quality. In addition, Ireland, Lithuania, New
Zealand (Non-Maori), Portugal, and Spain showed weak data quality during
some decades between the 1950s and the 1970s.

It might appear that some of our results for previous periods differ from
the results published in Kannisto et al. (1994). Discrepancies have arisen
because, in the KTDB, counts are re-calculated backward using the most
recent data. In some cases, the data that were previously available in the
KTDB were replaced by revised official estimates. A detailed explanation of
the construction and estimation of the data is provided on the webpage of
the KTDB.

Population counts

A rough measure of improvements in mortality is the change in popula-
tion counts at older ages. This measure, while crude, provides an important
perspective for policymakers on the growing number of the elderly and the
impact this increase may have on many aspects of society. Since the study by
Kannisto et al. (1994), data have become available for more years and more
countries. Table 1b uses the same numbers as in Table 1a and expresses them
as the proportion of the total population (per 100 for ages 80-99 and per
1,000 for centenarians).

The trends previously observed by Kannisto et al. (1994) have persisted:
while centenarians were rare in the 1950s and 1960s, about 30,000 persons
were aged 100 years or older in 1980. In subsequent decades, this number
increased by about 30,000 persons from 1980 to 1990, and by 40,000 from
1990 to 2000. At current rates, it will take less than ten years to add another
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40,000 centenarians: in only four years, from 2000 to 2004, a net addition
of 28,000 centenarians has been recorded, despite the lack of numbers for
some countries. The corresponding proportions in Table 1b look less dramatic,
with about 0.1 centenarians per 1,000 population in the year 2000. Yet the
magnitude of the growth of persons aged 100 years or older might be better
appreciated by way of a simple example. For example, in Italy, there were
0.002 centenarians per 1,000 population in the year 1950. This means that
a city with half a million inhabitants could expect to have one centenarian.
With 0.127 centenarians per 1,000 in the year 2004, the corresponding popu-
lation size was 7,874—the equivalent of a small town.

The number of octogenarians and nonagenarians is equally impressive.
In many countries, as shown in Table 1b, this age range accounts for 4 per-
cent to 5 percent of the entire population. Adding up the data, we calculated
that in 2004 there were about 37 million persons aged 80 to 99 in the KTDB
countries, or roughly twice as many people in this age range as were living
just a quarter century earlier. The United States alone counted more than 10
million persons aged 80-99 in 2004, a number that is larger than the total
population of New York City or Sweden.

Population counts provide only an indication that improvements in
mortality have occurred, as such counts are also affected by the initial size of
the birth cohort. Furthermore, numbers at a certain age are necessarily the
outcome of the preceding mortality experience of these cohorts; for example,
if a country had engaged in war, some cohorts of men might be substantially
smaller at later ages, even if the number of births had been constant over
time. Third, whereas migration is rare at ages 80 and higher, countries like the
United States experience substantial immigration at younger ages. To control
for these factors, we analyzed survival probabilities, remaining life expectancy
at age 80, and the annual rate of decrease of death rates over time.

Survival probabilities

Figure 1 depicts survival probabilities from age 80 to age 90 (upper two
panels), and from age 90 to age 100 (lower panel) for women (left column)
and men (right column), in six selected countries from the KTDB from 1950
until the most recent available year. The six countries have been chosen to
illustrate the diverse trends observed during the second half of the twentieth
century and the first few years of the twenty-first. The remaining countries
of the KTDB are given as gray lines. Table 2 accompanies Figure 1, giving
average values (mean and median) and extreme values (minimum and
maximum) for the survival probabilities from Figure 1 at the beginning and
end of the observation period.

The probability that a person would live to see his or her 90th birth-
day after reaching age 80 was around 12 percent for men and 16 percent
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FIGURE 1 Probabilities of surviving from age 80 to age 90 (upper two
panels) and from age 90 to age 100 (lower two panels) for women (left
column) and men (right column) in selected KTDB countries

Women, ages 80-90 Men, ages 80-90
0.6 0.4

Probability of surviving

0
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000
—a— Czech Republic —6— Germany (East) —B— Japan
—— France —&— Germany (West) —e— United States
0.175 Women, ages 90-100 0.075 Men, ages 90-100

0.150

0.125
0.050

o
—
o
o

Probability of surviving

0.075
0.025
0.050
0.025
0.000 - 0.000 !
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000

Year Year

NOTE: Gray lines indicate all other KTDB countries except Chile, Estonia, Iceland, Latvia, Lithuania, and Luxembourg
(omitted because of small population size or data problems).
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for women in 1950. Just over 50 years later, those values had more than
doubled to 25 percent for men and 38 percent for women. Highest survival
probabilities in 2002 were recorded in Japan for both sexes. Out of 100 Japa-
nese women who celebrate their 80th birthdays, more than 50 can expect
to celebrate ten additional birthdays. Among Japanese men, the number is
somewhat lower at 35, but is on a comparable level with the average across
all countries for women. Those numbers are even more remarkable given
that death rates in Japan were among the highest during the beginning of
our observation period.

Two countries from the former Eastern Bloc, the former East Germany
and the Czech Republic, deviate in their pattern from the mainstream: until
the late 1980s, survival probabilities in these countries were among the low-
est across all countries in the KTDB. Marked changes in survival probabilities
did not occur in either country until 1990. Whereas the Czech Republic still
performs very poorly among the KTDB countries despite the positive changes
since 1990, East Germany caught up to West Germany in about one decade.
The former East Germany now belongs to the mainstream group of countries
in the KTDB with respect to survival probabilities from age 80 to age 90.

A negative trend can be observed among women in the United States
since the late 1980s. American women aged 80 were then world leaders in
survival. Since the late 1980s, however, the United States has lost its prime
position, showing almost no further improvements. Similar signs of decelera-
tion of mortality declines, or even periods of stagnation in mortality, have been
observed for Dutch men and women, Danish women, and Norwegian men
(not explicitly shown in Figure 1). Despite the aforementioned few exceptions,
the majority of KTDB countries, primarily in Western Europe, followed similar
paths during the last 25 years, with continued improvements in the probabili-
ties of surviving from age 80 until age 90, most remarkably in France.

The lower two panels depict the probabilities of surviving from age 90
until age 100. Because of smaller population sizes at those ages, results tend
to show more erratic patterns. Nevertheless, the general trends appear to be
comparable to those for women and men aged 80, albeit on a very different
level (see also right column of Table 2). On average, fewer than two persons
out of 100 who had reached age 90 in 1950 went on to become centenar-
ians. In 2002, the probabilities were slightly higher than 3 percent for men
and about 6 percent for women. Japan once again rose near to the top from
a disadvantaged position in 1950: the probabilities of surviving from age 90
to age 100 were 6.5 percent for men and 11.8 percent for women. Among
men, the United States is still among the best-performing countries. We can
see, however, the same development for American women in their 90s as in
the upper part of Figure 1. Although this group long had the highest chances
of reaching age 100 after reaching their 90th birthdays, their survival rates
started to stagnate in the 1980s. Results for the Czech Republic and East Ger-
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many replicate our previous findings: the former East Germany caught up to
West Germany, while the chances of survival remained relatively low among
Czechs compared to the other countries included in the KTDB.

TABLE 3 Life expectancy at age 80 for all KTDB countries,
1960 and 2000 (years)

Men Women
Increase Increase
from 1960 from 1960

Country 1960 2000 to 2000 1960 2000 to 2000
Australia — 7.89 — — 9.64 —
Austria 5.23 7.06 1.83 6.03 8.54 2.51
Belgium 5.61 6.80 1.19 6.31 8.66  2.35
Canada 6.26 7.62 1.36 7.25 9.53 2.28
Chile — 7.83 — — 9.14 —
Czech Republic 5.02 6.12 1.10 5.72 7.25 1.53
Denmark 5.89 6.80 0.91 6.19 8.55 2.36
England and Wales 5.32 7.11 1.79 6.48 8.73 2.25
Estonia 5.35 6.15 0.80 6.28 7.66 1.38
Finland 5.35 6.79 1.44 5.62 8.48 2.86
France 5.61 7.68 2.07 6.72 9.77 3.05
Germany 5.36 6.90 1.54 5.86 8.45 2.59

Germany (East) 5.20 6.78 1.58 5.66 8.47 281

Germany (West) 5.43 6.92 1.49 5.94 8.45 251
Hungary 5.24 6.39 1.15 5.77 7.44 1.67
Iceland — 8.01 — — 9.41 —
Ireland 5.36 6.32 0.96 6.16 7.92 1.76
Ttaly 5.61 7.59 1.98 6.32 9.42  3.10
Japan 4.83 8.15 3.32 5.75 10.81 5.06
Latvia 5.94 6.03 0.09 6.75 7.18 043
Lithuania — 6.77 — — 7.80 —
Luxembourg — 6.94 — — 8.75 —
Netherlands 6.11 6.46 0.35 6.62 8.42 1.80
New Zealand 5.94 7.37 1.43 6.88 9.37 249

New Zealand (non-Maori) 5.93 7.38 1.45 6.85 9.40 2.55
Norway 6.13 6.92 0.79 6.68 8.79 211
Poland — 6.44 — — 7.67 —
Portugal 5.17 6.85 1.68 6.14 8.17 2.03
Scotland 5.01 6.82 1.81 5.90 8.38 2.48
Slovakia 5.55 6.04 0.49 5.96 7.08 1.12
Slovenia — 6.53 — — 8.12 —
Spain 5.68 7.7 2.02 6.64 9.33  2.69
Sweden 5.91 7.22 1.31 6.35 8.93 2.58
Switzerland 5.67 7.67 2.00 6.38 9.38  3.00
United States 6.12 7.75 1.63 7.23 9.27 2.04

“—" indicates that no data were available for the specific country for the given year.
SOURCE: Authors’ estimates based on KTDB.
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Life expectancy at age 80

The estimates of life expectancy at age 80 presented in Table 3 show the remark-
able improvements in survival at older ages from a slightly different perspective.
We have included all KTDB countries and listed them alphabetically.

In 1960, life expectancy for men at age 80 ranged, with few exceptions,
between five and six years. Forty years later, men could expect to live on
average seven more years after their 80th birthday. Latvia’s life expectancy
among men more or less stagnated. The Netherlands also saw comparably
modest gains, its ranking among KTDB countries falling substantially over
the four decades. The largest gain, 3.3 years, was recorded in Japan, where
life expectancy for men at age 80 was 8.15 years in 2000.

Life expectancy for women at age 80 rose from an average of 6.3 years
in 1960 to 8.5 years in 2000. Latvia and Japan experienced the smallest and
greatest improvements among women, as they did among men.

In the latest KTDB estimates, for 2006, life expectancy at age 80 reached
8.47 years for Japanese men and 11.32 years for Japanese women, exceeding
the figures reported in Table 3.

Rates of mortality improvement

We track the dynamics of mortality change using average annual percent im-
provements in death rates over the preceding ten years.? In Figures 2-4, we
use Lexis maps (Vaupel et al. 1997) to depict these improvements for single
years and ages. For example, the gray tone of the lowest square on the left in
the upper panel of Figure 2 indicates that death rates at age 80 for Japanese
women dropped on average between 1960 (ten years earlier) and 1970 by
1.0-1.5 percent per year (see scale on the right hand side of each figure). We
chose women in Japan and the former East Germany (Figure 2) as examples
of rapid mortality change in recent decades. The dynamics in these two cases
are, however, seen to be considerably different. With the shift toward darker
shades of gray in the lower right triangle, it seems that in the case of Japanese
women (upper panel in Figure 2) “vanguard” cohorts were setting the pace
throughout the 1980s and 1990s. One can see that progress in successive years
is maintained. During the last five years of our observation period (2000-2004),
rapid improvements were experienced in the whole 80+ age range. The median
value of improvements was never lower than 3.3 percent annually. Mortality
dropped on average by around 3 percent per year even at ages 90 and higher,
an age range in which improvements in other countries in the database were
rather modest. If improvements maintain the pace of about 3 percent every
year, death rates for nonagenarians would be halved in less than 23 years.
The dynamics observed for women in the former East Germany are very
different: mortality improvements began to stagnate in the 1960s, as shown
in previous tables and figures, and also by white and pale gray rectangles in
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FIGURE 2 Average annual percent declines in age-specific death rates for ages 80-99
over the preceding 10 years (p), Japan and (former) East Germany, 1970-2005
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the lower part of Figure 2. German reunification in 1990 not only brought
substantive changes in the political system; it is also associated with a de-
crease in death rates among the oldest-old. Mortality change follows a clear
period pattern. The strongest improvement came in the mid-1990s. It should
come as no surprise that the pace subsequently slackened: the first ten years
after reunification can be considered a period of “catching up” to western
Germany. Since about 2002, mortality has continued to decline in eastern
Germany but not at an accelerating rate. Because mortality levels in the new
century in eastern and western Germany have been roughly similar, the rates
of improvement in the former East Germany are no longer as exceptional as
they were in the 1990s.

It was, however, not just the frontrunner, Japan, or countries benefit-
ing from far-reaching changes in society, like the former East Germany, that
were capable of substantially lowering oldest-old mortality. In Figure 3, we
depict the results for Italy, a country that never had the world’s highest life
expectancy at birth, but never trailed far behind the record holder during the
second part of the twentieth century. For women, the 1990s in particular
brought many improvements in mortality, especially for octogenarians, whose
death rates dropped at an annual rate of approximately 2.4 percent. During
the last few years of our observation window, the annual rate of improve-
ment slowed slightly to about 2 percent for these women. However, there
are encouraging signs that mortality is now also consistently decreasing at
the highest observed ages (90-99) among Italian women. The lower panel in
Figure 3 shows the equivalent pattern for Italian men. Generally speaking,
mortality improvements happened at a slower pace among men than among
women, as indicated by the lighter shades of gray. Furthermore, the decrease
in mortality among the oldest-old men started at a later point in time. Until
the mid-1980s, improvements in mortality among Italian men aged 80 and
higher were virtually nonexistent. As was the case among women, the 1990s
brought substantial improvements in mortality for octogenarian men, albeit
at a slower pace (1.8 percent per year).

Impressive improvements in survival among the oldest-old are not a
universal phenomenon in the primarily highly developed countries of the
Kannisto-Thatcher Database. The most prominent exception is the United
States, with other countries such as Denmark and the Netherlands display-
ing similar patterns. Until the 1980s, mortality among Americans in their
80s appears to have been exceptionally low (Shrestha and Preston 1995).
Trends since the 1970s among women and men aged 80 to 99 in the United
States are shown in Figure 4. Women's survival chances improved in the late
1970s, averaging around 2.2 percent annually for octogenarians. Yet dur-
ing the 1980s, a decade that saw unprecedented survival improvements in
many countries, mortality dropped at a rate of less than 1.4 percent among
American women in their 80s. In addition, no improvements are detectable
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FIGURE 3 Average annual percent declines in age-specific death rates for ages 80-99
over the preceding 10 years (p), Italy, 1970-2003
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FIGURE 4 Average annual percent declines in age-specific death rates for ages 80-99
over the preceding 10 years (p), United States, 1970-2004
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for American women in their 90s since the mid-1980s. In the new millen-
nium, the stagnation in the trend toward lower mortality has even spread
to women in their 80s, with almost no improvements occurring after 1999
among women aged 80 and above in the United States. Until the mid-1990s,
the general picture was similar for American men (lower panel of Figure 4):
from about 1975 to 1985 there were improvements all across the observed
age range, after which they became very modest until 1995. Subsequently
the trends among women and men have diverged: whereas mortality has
remained constant among women, the situation for men has become more
favorable, with improvements again accruing at the highest ages.

Summary and discussion

Our article has described developments in mortality among the oldest-old
using data from the Kannisto-Thatcher Database on Old-Age Mortality. This
database does not rely on official mortality statistics, but uses information
on the number of deaths by age at death, year of death, and year of birth for
women and men separately to estimate population exposures and mortality.
The KTDB was created using a uniform methodology for all countries, and
the reliability of these data is stringently assessed on an ongoing basis. Hence,
KTDB data are of higher quality than most countries’ official estimates, and
they permit international comparisons.

A single article cannot cover all aspects of old-age mortality trends in
all countries included in the KTDB. Our primary focus here was on coun-
tries with lowest mortality. Other interesting developments, such as the far-
reaching changes in Central Europe, have only been slightly touched upon.
Unfavorable developments in the countries of the former Soviet Union were
outside the scope of this article.

We have shown that the increase in the number of octogenarians and
nonagenarians has continued since Kannisto’s publications more than ten
years ago. In the last year of our overview (2004), the number of women and
men aged 80-99 in the KTDB countries was 37 million, a 33 percent increase
since 1990. The number of centenarians has grown even faster in recent
years: about 60,000 recorded in 1990, almost 130,000 in 2004—an increase
of more than 100 percent in 14 years. The rapid growth in the number of
centenarians is mainly the result of two processes. First, because of survival
improvements among people below age 100, more people are able to reach
that age. Second, mortality at ages 100 and higher is decreasing—a rather
recent phenomenon, shown by Kannisto (1993, 1994, 1996) and Vallin and
Meslé (2001).

Of course, an increase in the number of centenarians is possible without
any mortality reductions; it may simply occur as larger birth cohorts reach
the highest ages. Vaupel and Jeune (1995) show, however, that increases
in births are relatively unimportant. Our subsequent analyses of survival
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probabilities and life expectancy provide evidence that improvements in
survival among the oldest-old are indeed the cause of the growing numbers
of elderly: on average, the probability of surviving from age 80 until age 90
approximately doubled between 1950 and 2002 (1950: 12 percent; 2002: 25
percent) among men, and rose from 16 percent to 38 percent among women.
Japan, which in 2002 had the highest survival rates from ages 80 to 90 for
women and men, and from ages 90 to 100 for women, was also recently the
leading country in life expectancy at age 80 (8.15 years for men and 10.81
for women in 2000).

The dynamics of mortality change have been analyzed using Lexis maps
of average annual declines in age-specific death rates. The most impres-
sive improvements were found among Japanese women. In recent years,
mortality in Japan has been dropping at almost all ages between 80 and 99
at a pace of 3 percent annually. Researchers did not foresee this trend, and
projected a convergence of Japanese mortality decline toward international
trends (Wilmoth 1998).> Although to a lesser extent than Japan, countries
like France and Italy have experienced remarkable improvements among the
oldest-old as well. Another success story is the former East Germany. While
Japan’s mortality improvements appear to be initiated by a cohort-like pat-
tern, the manner in which eastern Germany caught up to the western part
after reunification reflects a clear period pattern.

These improvements are not universal among developed countries.
Besides Denmark, the Netherlands, and, to some extent, Norway, the United
States is probably the most prominent exception. The United States was the
lead country in old-age mortality decline for decades (Manton and Vaupel
1995) but has fallen well behind during the last 15 years. Survival improve-
ments have been at best modest since the 1980s and completely absent for
women since the late 1990s. Although research is ongoing, we believe that
the root causes for these unwelcome developments are not insurmountable
mortality thresholds. For Denmark, for example, it has been convincingly
shown that the slow increase in life expectancy among women can be at-
tributed to the smoking behavior of cohorts of women born between the
two world wars (e.g., Jacobsen et al. 2002). In the Netherlands, in addition
to comparatively modest improvements in cardiovascular mortality (Janssen
et al. 2004, 2007), early-life factors such as “unfavourable socio-economic
developments between 1895 and 1915” (Janssen et al. 2007: 184) and a
“combination of growing frailty of the Dutch elderly population together with
changes in the medical and social services available to them” (Janssen et al.
2003: 733) are thought to be the causes of the stagnation in mortality decline
(Nusselder and Mackenbach 2000).

While improvements in data quality can be a contributing factor to the
slow improvements in survival observed in the United States, Meslé and Val-
lin (2006: 136) argue that “the comparison between the United States or the
Netherlands and Japan or France clearly supports the notion of a third stage
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of the health transition centered on the aging process.” Whereas the four
countries have successfully passed through the first two stages of the health
transition—Omran’s epidemiologic transition and the “cardiovascular revolu-
tion” (e.g., Vallin and Meslé 2004)—only Japan and France appear to have
been able to take the next step. These two countries have seen substantial
reductions in mortality at the oldest ages, not only from heart disease, but
also from other causes of death, such as cerebrovascular disease, infectious
and respiratory diseases, and mental disorders.

As an interesting aside, the Guardian newspaper reported on 28 April
2007 that bookmakers in Britain are adjusting their offers to take bets on sur-
vival to age 100 for 90-year-olds: “[B]ookmaker William Hill announced it will
no longer be offering such generous odds to those backing themselves to live
to 100. Alec Holden from Epsom, Surrey, picked up a £25,000 cheque from
William Hill this week after he celebrated his 100th birthday. After making
its third such pay-out in less than 18 months, William Hill has said it is now
raising the target age for such wagers to 105, and even 110.”*

Studying mortality developments among the oldest members of society
can help to shed light on the question “How much can human life span be
extended?” This, according to Science magazine, is one of the “scientific puzzles
that are driving basic scientific research” (Couzin 2005; Kennedy and Norman
2005).> Although several countries were not able to decrease mortality dur-
ing the last ten years at a pace as fast as that achieved in the previous decade,
many other countries have done so. If biological and practical boundaries are
looming, we would expect that the populations with the lowest mortality
levels should show a deceleration in survival improvements. Evidence for
mortality among women in today’s lowest-mortality countries—Japan and
France—suggests otherwise.
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1 Following the methodology outlined
in Vaupel (1986), we estimated that gains in

survival at age 86 provided the largest poten-
tial for increasing life expectancy for Japanese
women in 2004.

2 To obtain comparable estimates, the
average annual rate of improvement in mor-
tality has been calculated in the same way as
given in endnote 3 of Kannisto et al. (1994).
The basic building blocks are age- and period-
specific death rates m(x,y):

D(x,y)
N(x,y)+N(x,y+1)
2
where the numerator D(x,y) denotes the
number of deaths at age x in year y, and the
denominator estimates the mean population

mx,y) =
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at the same age and time. When death rates
were required for age and time intervals, the
average death rates for the time interval y
through y* and age interval x through x* were
calculated as:

> wiiymii, j)
_ J=yi=x
- yr o x*
w(i)
J=y i=x

m(x,x*,y,y*)

where w(i) is a weight for age standardization
to obtain comparable estimates across coun-
tries and time periods. The weights have been
calculated as the age-specific contributions
of the combined female and male Swedish
population aged 80 to 104 for the time period
1950 through 1990. Based on m, the aver-
age annual rate of improvement p has been
calculated as:
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