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Abstract
Although the increase in the number of centenarians is well documented today in countries with advanced demographic 
data, the same is not true for those aged 105 years and over. The first aim of this paper was to analyze the demographic 
characteristics of the 4,626 validated semisuper and 102 supercentenarians for the cohorts born between 1896 and 1910, 
referring to Italian Semi-Supercentenarians Survey. Then, starting from this data and from the survival  histories  in old 
ages—reconstructed by Vincent’s Extinct - Cohort Method—for the cohorts born between 1870 and 1904, the most impor-
tant aim was to analyze longevity history and the trend of gender gap of the Italian oldest cohorts beyond 100 years old.  
The Italian centenarians and semisupercentenarians increase from the first to the last cohort is due to the survival rise in old 
ages and the increase in the gender gap at extreme ages depends on the higher survival of women than men after 60 years 
old. Around 110–112 for both genders (for women in particular) a kind of resistance to further progress seems to appear 
in our analysis as in more recent studies on supercentenarians.
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Introduction
During the second half of the 20th century and particu-
larly after 1970, the progress in the socioeconomic and 
medical-health spheres, together with changes in individual 
and group life-styles, all ensured major gains in life expec-
tancy. A child born today in Italy may expect to live until 
age 85 years if it is a girl and almost 81 years (80.6) if it 
is a boy. This places Italy in one of the first positions in 
Europe (for Spanish women the figure is 85.8 years and for 
Sweden men 80.6 years. Period life table 2016: Istat 2017; 
Ined, 2017; Ine, 2017). Forty-six years ago life expectancy 
at birth was about 75 and 69 years for women and men, 
respectively, meaning there has been an average gain of 
10 years for women and 12 for men. What we are witness-
ing is a real revolution, made possible by major gains in life 

expectancy among the elderly adults. In the same period, 
women and men over 65 years old have added 6 years to 
their average life span (from 16 to 22  years for women 
and from 13 to 19 years for men). Those over the age of 
80 gained 3.5 (from 6.8 to 10.3 years) and 3 years (from 
5.5 to 8.5  years), the figures being for women and men, 
respectively.

According to the most recently available Italian life 
tables, 75% of women and 62% of men are expected to 
be alive at 80 years. This means that more than 69% of 
the population die after their 80th birthday. For women, 
it should be noted, 30% of these deaths take place after 
they have reached 90 years of age (only 23% for men). The 
number of people still alive between 90 and 100 years has 
also increased over time (almost 30% today as against 8% 
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in 1970), while, of course, the mortality curve is continu-
ally moved forward in favor of older ages (Caselli, Vaupel, 
& Yashin, 2006a). A brief examination of mortality data 
provided by the National Institute of Statistics, shows not 
only that the total number of deaths after 100 has more 
than doubled (4,200–8,200) between 2006 and 2016, 
with a constant number of births for the cohorts of origin 
(Figure 1) but also that the numbers of those dying after 
105 years is growing all the time at a higher rate of increase 
than that for preceding age groups (100–104 years).

Thus, people have less chance of dying during young and 
adult ages, meaning that more and more people reach old 
age and, once the old-age threshold is crossed, death occurs 
later (Kannisto, 1994); a trend that arouses a certain amount 
of concern given its unprecedented impact on the increase in 
the number of the elderly adults and on the welfare expendi-
ture due to population ageing. In Italy, for example, the over 
65-year-old population has now outpaced the under-15 
population (2017: 22.3% compared with 13.5%), the num-
ber of the oldest old (80 years and over) is growing all the 
time (from 1 million in 1970 to 4.1 million today, 1.7% and 
6.8%, respectively of the total population), and the number 
of living centenarians has doubled in the last 12 years (from 
about 9,000 in 2005 to 18,000 in 2017).

As we all know, ageing, both absolute and relative, 
involves considerable social and individual costs, caus-
ing difficulties for the welfare state, the family system and 
intergenerational relationships. Nor should we overlook 
the fact that the older a person is, the more he will have to 
grapple with late-onset diseases. Ageing and longevity are 
very topical questions on today’s agenda. New statistical 
data on the oldest old and on mortality up to extreme ages, 
over time and by cohort, are able to reveal the time and age 
pattern of survival improvements, and to provide impor-
tant elements for analysis aimed at better understanding 
some aspects of human longevity. For this last reason, in 
the most developed countries in the world, as in Italy, in the 

last two decades, great attention has been paid to collecting 
data on centenarians and semisupercentenarians, and to 
studying the characteristics of their survival after this age.

Although the increase in the number of centenarians is 
well documented today in countries with advanced demo-
graphic data, the same is not true for those aged 105 years 
and over, and still less for those of 110 years and over (Robine 
& Vaupel, 2001). After a feasibility study (Robine, Gampe, 
Cournil, & Vaupel, 2000; Robine & Vaupel, 2001), it was 
decided to establish the International Database on Longevity 
(IDL) at the University of Montpellier 1 as an international 
collaborative effort of researchers interested in extreme 
human longevity by gathering validated demographic data 
on supercentenarians. These were defined as individuals 
who had reached the age of 110 (Jeune & Vaupel, 1999, 
2001; Robine et al., 2000; Robine & Vaupel, 2002; Robine, 
Allard, & Jeune, 2006a; Maier, Gampe, Jeune, Robine, & 
Vaupel, 2010; Poulain, 2010; Jdanov, Shkolnikov, & Gellers-
Barkmann, 2017; see www.super-centenarians.org). The IDL 
database is complemented by an international list of super-
centenarians collected on the internet by Louis Epstein with 
the help of Robert Young (http://www.grg.org).

About 10 years later, some countries adhered to the pro-
posal to extend the IDL database to semisupercentenarians, 
aged 105 years and over (Maier et al., 2010). The problem 
for persons of these ages is that they are harder to validate, 
as they are far more numerous than the supercentenarians 
(in Italy in the period from 2009 to the present they num-
ber around 4,600 against 102), and this makes it harder to 
gather the necessary information for identifying their age 
with certainty. In general, for supercentenarians, the pre-
ferred evidence is a birth certificate and/or baptism certifi-
cate, or an early census record if alive, and death certificate 
if dead, and these were available and have been checked. 
For semisupercentenarians, however, different countries 
use different methods to verify their age. At all events, reli-
able and detailed information is essential for valid demo-
graphic analyses (Maier et al., 2010).

Italian researchers in the Department of Social Sciences 
of Sapienza University in Rome and the Italian National 
Institute of Statistics (Istat) have been involved in collecting 
the data on semisuper and supercentenarians since the IDL 
began, first identifying and validating the Italian supercen-
tenarians who died between 1969 and 2001, and between 
2002 and 2008 (Bruzzone, Barbi, & Caselli, 2010), and 
then setting up a specific semisupercentenarian survey (SSC) 
at Istat. Since 2008 this survey has collected data about liv-
ing and dead semisuper and supercentenarians (Battaglini, 
Capacci, Corsetti, & Marsili, 2012; Caselli, Battaglini, & 
Capacci, 2017), and the use of this information, together 
with that on deaths collected in other Istat surveys, has made 
it possible to collect the data for Italian centenarians for the 
cohorts born after 1870 who are now extinct (1870–1904).

The first aim of this work is to present an analysis of the 
demographic characteristics and development of the Italian 
semisuper and supercentenarians, living and dead, that 

Figure  1.  SSC survey: validated semisupercentenarians by cohort, 
alive and dead, and their number of births. Italian cohorts 1896–1910 
at January 1, 2017
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have been validated so far in the SSC survey, for the cohorts 
born between 1896 and 1910 (1904 for the supercentenar-
ians). The second aim is to use all the available informa-
tion on the deaths of 35 cohorts now extinct to provide 
the most complete picture possible of the demographic 
characteristics of the centenarians born between 1870 and 
1904. The third aim is to interpret the development of the 
centenarians and semisupercentenarians of the various 
cohorts, referring to the histories of differential mortality—
and, thus, of survival—in old age, using the new life tables 
obtained from completing the existing ones up to age 100 
with those reconstructed after this age by Vincent’s Extinct -  
Cohort Method (1951). The last and most important aim is 
to gain a better understanding of the demographic reasons 
for this population development, with particular reference 
to the changing characteristics of the gap between men and 
women, and also to provide material that is useful for stud-
ying the longevity of populations. In fact, in referring to the 
development in the survival of centenarians in the cohorts 
under study, the aim is to see in which ages life expectancy 
is extending further and in which it is not.

Data and Method

Data Collection and History of SSC Survey
As we have said, in 2008, Istat initiated a new survey (SSC 
survey) in order to collect data about semisuper and super-
centenarians. This survey enables us to identify persons of 
these ages, living or dead, with an approach that eliminates 
from the group provided by population registers those who 
cannot be “validated” following the parameters fixed by 
the IDL. One essential condition for the validation of these 
persons is that each individual, if still alive, should be iden-
tified by a birth certificate if a supercentenarian, and by a 
certificate of living existence if semisuper, and at the end 
of his life by a death certificate. In the case of the Italian 
semisuper and supercentenarians, by linking the various 
information it was possible to establish with certainty if 
they were individuals who had reached the age of 105 and 
over, and, if dead, their age at decease.

The validation process is a long one, drawing on sev-
eral demographic sources. Persons of these ages are first 
identified through an administrative source on population, 
the so-called POSAS survey (Italian acronym for Resident 
Population by Age, Sex and Marital Status). This is a sur-
vey carried out by Istat on the resident population of the 
Italian municipalities (about 8,000), broken down by gender, 
cohort and marital status on January 1st of each year. Data 
are obtained from each municipality through a web applica-
tions system. Thanks to POSAS we know how many people 
of a given cohort and/or gender and/or marital status are 
still alive in a municipality that has reported residents aged 
105 years and over on the statistics form. Each municipality 
is then contacted by Istat in order to collect more detailed 
information on those individuals and to request the submis-
sion of documents certifying their status as alive or dead for 
final validation. Those still alive at age 105 and over are then 

“followed” year by year until death, which is then inserted 
in the database (date of death). As long as the individual 
remains alive, the validation process never stops and each 
single year we proceed to “re-validate” the data observed in 
the past. Summarizing, the variables needed for the valida-
tion and included in the Italian SSC survey are: name, date 
of birth, date of death, completed age in YY-DD (calculated 
variable), place of birth, place of residence (at death), mari-
tal status (at death), citizenship (at death), and presence/
absence in the database t, t+1. All information is included 
in the SSC, including newspaper information or migration 
from/to another municipality, and any other information 
received from the municipality. The data collected from the 
SSC survey are periodically subject to record linkage opera-
tions with other Istat surveys to improve data quality.

On January 1, 2017, 8 years after the SSC survey began, 
the individuals being followed numbered 5,228 and 4,626 
(562 men and 4,064 women) have been validated. Each 
record is a person in the survey, 510 still alive, and 4,116 
now dead.

Other important data sources relating only to the 
dead are the Cause of Death Survey (CDS) and Deaths 
of Resident Population survey (DRP), which were used in 
order both to integrate the SSC database, and to recon-
struct those between the ages of 100 and 104 for extinct 
cohorts.

Thanks to the integration of the data from the SSC, DRP, 
and CDS surveys, the database that we have used in this 
article is the most complete and accurate that is now avail-
able in Italy and certainly one of the best available in the 
world for semisuper and supercentenarians. It is included 
in the IDL database.

To sum up, the data sources employed in this paper 
refer to:

1. For living persons: Istat SSC survey data (2008–
2017 years, at 1st January, individuals aged 105 years 
and over). Cohorts born before 1910.

2. For dead persons: (a) Istat SSC survey data (2009–
2016  years, individuals aged 105  years and over). 
Cohorts born before 1910; (b) Istat CDS survey 
(1969–2008 years, individuals aged 100 years and over 
2009–2010 years, aged 100–104 years) for all cohorts 
1870–1910; (c) Istat DRP survey (2011–2016 years, for 
individuals aged 100–104 years).

“Extinct - Cohort Method” for Reconstructing the 
Italian Centenarians and New Life Tables After 
Age 100 for the Cohorts 1870–1904

Traditionally, life tables are closed at 100 years or, after this 
age, the probability of death is reconstructed by referring to 
theoretical mortality curves (Vaupel, Manton, & Stallard, 
1979; Kannisto, 1994; Horiuchi & Wilmoth, 1998; 
Thatcher, Kannisto, & Vaupel, 1998; Vaupel et al., 1998; 
Robine & Vaupel, 2001; Barbi, Caselli, & Vallin, 2003).

In this work, as indicated in the introduction, we pro-
pose to reconstruct the life tables for all the cohorts now 
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extinct (1870–1904), considering their mortality history up 
to the last registered death. The relevant data are the deaths 
in the CDS and DRP surveys for individuals who died in 
the 100–104-years bracket, and those in the SSC and CDS 
surveys for individuals who died after the age of 105. For 
oldest persons, in the absence of migration, and for extinct 
cohorts of births, we could construct cohort life tables 
after age 100 simply by taking the deaths by age from 100 
until the last survivors. We reconstruct these tables with 
Vincent’s Extinct - Cohort Method (1951). Starting from 
the cohort’s last survivor, we can determine the number 
of survivors at any age x after 100, by successively com-
bining the deaths observed at preceding ages. In this case, 
if the survivors at age x (x  = 100) are S

x and the deaths  
d(x, x+1) are exactly, by hypothesis, those of the life table 
being sought: ,,S dx x xx

= +
−∑ 1

1ω
 using this method the radix 

of our table is 100. The method can obviously give us the 
survivors of the life tables at every age from 100 to ω. In 
the last step, we have linked this end-of table to the table 
computed using the classic method for the previous ages. 
We must reduce the total population in the death series 
thus calculated to the number of survivors at the age when 
the conventional calculation stopped, or go back to the 
probabilities and complete the series of classic probabilities 
for all cohorts by adding the probabilities determined by 
means of the extinct-cohort method for age 100 and over.

Italian Semisuper and Supercentenarians 
Validated by Cohort of Birth: Results by 
SSC Survey

Figure 1 provides a picture of the Italian semisupercente-
narians, distinguished by their birth cohorts 1896–1910 
(Caselli et  al., 2017). We can note at once that, if we 
exclude the cohort of those born in 1903, there is a con-
stant growth in numbers as we pass from an older cohort 
to one more recent. With the exception of the cohort of 
1903, in the space of a mere 15 cohorts, the contingent 
of semisupercentenarians tripled from the first to the last 
(207 in the cohort of 1896, and 666 in the cohort of 1910, 
respectively), and, at least until the cohort of 1907, the 
growth is independent of the size of the initial population 
(number of births). To clarify the reasons for this significant 
increase, we can construct an indicator proposed by Caselli 
(Robine & Caselli, 2005), which excludes the differential 
effect of births and migrations (supposing them to be zero 
for the generations studied after 60 years of age). We use 
this indicator, as the ratio of the number of individuals of 
each cohort aged 105 years and over to the number of per-
sons of the same cohort who were 60 years old 45 years 
before: this is the semisupercentenarian rate, known as 
SSCR60. Essentially this indicator measures the proportion 
of 60-year old persons who survived to age 105. The devel-
opment of the SSCR60 brings out very clearly the significant 
net increase in semisupercentenarians, however numerous 
they were at 60 years of age (SSCR60 for the total is equal to 

0.04 and 0.10 per 100 for the first and last cohort, respec-
tively; Figure 2). The SSCR60 allows us to study changes in 
old-age survival over time and compare them by cohort, 
eliminating the effects of other determinants on the size of 
the semisuper-centenarian population, such as migration, 
fertility, infant mortality, and also young and adult mortal-
ity, which was still high for the Italian cohorts and varied 
widely between genders, particularly for men in the cohorts 
involved in the First World War, which left around 600,000 
young men on the field of battle (Glei, Bruzzone, & Caselli, 
2005). In addition, we can see from Figure 2 that the anom-
aly identified for the generation of 1903 continues only for 
the women, conclusively excluding—for them, at least—the 
role of reduced births in the more reduced number of those 
who reached the age of 105 in this cohort.

In general, we can say that the result of the increase in 
the SSCR60 that can be seen when we move from the first 
to the last cohort is explained by the decline in mortality 
in ages after 60 (Caselli & Egidi, 2011; Caselli, 2016). We 
shall give further attention to this aspect later.

Figure  2, which also draws attention to the distribu-
tion of semisupercentenarians distinguished by gender, 
brings out at the same time a greater number of women 
and a higher growth than men as we move from the first 
to the last cohort, although there has been a significant 
increase for the men in the more recent cohorts. Recalling 
that on January 1, 2017 the semisupercentenarians vali-
dated (cohorts 1896–1910) numbered 4,626 and that there 
were 4.064 women and 562 men, the W/M ratio, known 
as the Femininity Ratio (FR) (Robine, Caselli, Rasulo, & 
Cournil, 2006b), is equal to 7.2. Regarding the individual 
cohorts, the lowest relation is that for the first cohorts, with 
values of around 3.0 women for each man. It then gradu-
ally rises, reaching values of around 9 for the more recent 
cohorts. With the passage of time, then, there emerges an 
increase in the gap between the two genders that wholly 
favors women.

Figure 2.  SSC survey: trends of semisupercentenarians rates (SSCR60) 
per 100. Italian cohorts 1896–1910.
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The representation of the supercentenarians is interest-
ing (Supplementary Figure 1). In Italy, there were 102 in the 
cohorts between 1896 to 1905, of whom 95 were women 
and 7 men (FR equal to 13.6, higher than 10.4 in IDL super-
centenarians database) (Gampe, 2017). The cohort of 1889 
included the super-validated Antonio Todde, who held the 
title of World’s Oldest Living Man when he passed away on 
January, 2002 at the age of 112 years and 346 days (Poulain 
et al., 2004, 2006; Caselli et al., 2006b). The cohort of 1899 
included Emma Morano, who was regarded as the World’s 
Oldest Living Person when she passed away on April 15, 
2017 at 117 years and 137 days (Jeune, Heiner, & Vaupel, 
forthcoming; Caselli et al., 2017).

As for the 102 supercentenarians validated and those of 
the same cohorts who reached the age of 100 (the extinct-
cohort method has allowed us, as we have said, to recon-
struct 51,972 centenarians), the proportion of centenarians 
reaching the age of 110 halts at 2.0 per thousand. This is 
fairly close to the 2.9 per thousand identified for French 
centenarians in the IPSEN survey (Allard, Vallin, Andrieux, 
& Robine, 1996). Among the supercentenarians, the transi-
tion from the first to the last cohort does not show a con-
stant growth as for the semisupercentenarians, but, once 
again, there is an interruption in the trend for the cohort 
of 1903 and, in this case, for that of 1902 as well (Figure 1 
and Supplementary Figure 1).

In any case, it is clear that in Italy, as elsewhere, reaching 
the age of 105 and, still more, 110, is a privilege enjoyed 
by a growing number of people, but a privilege that is, to 
a very great extent, reserved for women, who certainly live 
longer. Individuals still alive of the cohorts between 1899 
and 1904 died in the course of 2017.

Mortality and Survival by Cohorts Born From 
1870 and 1904: Results

Longevity of centenarians and semisupercentenarians 
by cohort
To analyze the longevity of centenarians (aged 100 years 
and over), we refer to mortality cohort indicators, as well 
as survival indicators, using deaths and populations recon-
structed with the extinct-cohort method. In this way we can 
link the survival history of the semisuper and supercente-
narians with their immediately preceding history from the 
age of 100 on. First of all, in Figure 3 and Supplementary 
Table 1, we can see the significant development in cente-
narians for the cohorts born between 1870 and 1904, 
while Supplementary Figure 2 also shows the characteris-
tics of this development, by both gender and age. In the 35 
cohorts considered, no fewer than 51,972 persons reached 
the age of 100. On the basis of a relative indicator like 
the CDTc (Centenarian Doubling Time by Cohort), which 
measures the length of cohorts/period in which the number 
of centenarians doubles—equal to (ln2/r), where r is annual 
rate of increase in the number of centenarians—the num-
ber of centenarians in these cohorts doubled approximately 

every 9.4 cohorts/years. The number of centenarian women 
doubled every 8.9 cohort/years, and for men every 11.9. 
Supplementary Table 1 also shows how rapidly the dou-
bling for the semisupercentenarians (SSDTc) took place in 
the 35 cohorts considered. In particular, the women dou-
bled approximately every 8 cohorts/years, against about 12 
for the men.

We can gain a summary idea of the development by age 
and gender from the pyramids in Supplementary Figure 2, 
constructed for four groups of cohorts (the first, the last, 
and two intermediate groups, one of which includes 
Antonio Todde and the other Emma Morano). If we move 
from the first to the last group, we can see that for both 
genders the pyramid broadens constantly in the early and 
extreme ages of life, while the number of women grows 
constantly for all ages. Overall, for the oldest cohorts the 
relation between centenarian women and their male peers 
(said Femininity Ratio-FR, as in Robine & Caselli, 2005) 
is equal to 2.5, while in the group of 20th-century cohorts 
it is equal to 5.1 (a value emerging from previous analyses 
on data by calendar year) (Robine & Caselli, 2005). The 
FR grows with the succession of cohorts, just as for the 
semisupercentenarians, and therefore grows as the age of 
death increases.

Figure  3.  Number of centenarians reconstructed by Extinct - Cohort 
Method, as the trend of deaths for the Italian cohorts 1870–1904 and the 
Centenarian Rate (CR60) per 10,000.
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In particular, a comparison of the life table of the 
most recent cohorts (1900–1904) of female survivors in 
Supplementary Figure 3 with those of the life table of the 
first group (1870–1874) shows that the survival of centenar-
ian women has increased in all ages between 100 and 104, 
and in ages over 105 too (validated data of the SSC survey). 
Hence, not only do more members of the most recent cohorts 
reach the threshold of 100, but also, once this threshold has 
been reached, their probability of survival increases at all 
later ages, thus indicating the presence of a decline in mor-
tality, at least up to 110–112 years. Though fewer of the men 
in the most recent cohorts reach the age of 100 and have a 
lower survival than women, they too show an equally posi-
tive development in survival levels. For them, however, the 
growth halts shortly before their 110th birthday, meaning 
that, on average, the men’s age at death is lower. This behav-
ior is particularly notable for survivors after the age of 105, 
and is also generally accepted in the literature on the subject 
(Wilmoth & Lundstrom, 1996; Wilmoth & Robine, 2003; 
Wilmoth, Deegan, Lundström, & Horiuchi, 2000).

Turning now from the survival function to the estimate of 
life expectancy after 100 years, women born between 1900 
and 1904 have little more than 2 remaining years, and men 
1.9 (Supplementary Table 2, see also Figure 4). However, in 
the development from the first to the last group of cohorts, 
the life expectancy of female centenarians moves from 1.9 
to 2.2 years, with a slight but constant growth trend, while 
their male peers move from 1.6 to 1.9 years. These values 
are in line with those found for the cohorts 1886–1890 in 
Sweden (1.69  years for men and 1.98  years for women; 
Bourbeau & Desjardins, 2007, p. 179) and for the French 
centenarians in the IPSEN survey referring to period data 
(1.77  years for men and 2.22  years for women; Allard 
et  al., 1996, p.  73). If we consider the maximum values 
reached between the first and last group for both genders 
of Italian centenarians, then those born in the early 20th 
century were able to enjoy an average of about 4 months of 
life more than centenarians born 30–34 years earlier.

The growing number of centenarians through the survival 
history of 35 extinct cohorts
Analyzing the development of extreme age at death for the 
Swedish population (between 1861 and 1999), together 
with that of a group of validated supercentenarians in 
six countries, Wilmoth and his colleagues (Wilmoth & 
Lundstrom, 1996; Wilmoth & Robine, 2003; Wilmoth 
et al., 2000) concluded that the growth trend was the same 
for the two populations, but the higher or lower values, like 
the differences observed, could be explained simply as a 
function of different population size and a different pattern 
of old-age mortality. Using the supercentenarian rate by 
cohort in this work, we found that, eliminating the effect of 
the size of the population at age 60, the significant growth 
identified among the semisupercentenarians as we move 
from the first to the last cohorts could be explained, like 
the gender differences, by the differential development in 

old-age survival. Now, starting from the survivors at age 60 
in the life tables of the cohorts 1870–1904, we can clearly 
say that the role of the increase in survival was due to a 
decline in mortality at these ages.

For the women the survival curve after 60 hardly 
changes between cohort 1870 and 1904 (Figure 5). Since 
then, it has gradually shifted to the right. The most recent 
cohorts who reach the threshold of 90 and 100 (and even 
105)  years are much more numerous, because they have 
been able to enjoy a greater number of years gained in the 
immediately preceding ages. Indeed, in the cohort of 1870 
half the survivors at 60 died before reaching 76 years, while 
in the 1904 cohort half of them were still alive at 82 years. 
Moreover, whereas only 6.4% of the 1870 cohort reached 
the age of 90, three times that number, 19.1%, of the 1904 
cohort were still alive. At the age of 100 the proportion 
rose by 0.1% and 11%, respectively.

The survival curve for men at once brings out the sig-
nificance of old-age mortality on the differences observed 
between the two genders in the number of centenarians and, 
obviously, the semisupercentenarians. Men have recouped 
far fewer years of life: for the first cohort, 50% died before 
reaching the age of 72, and for the last, before 77. Only 
4% and 8%, respectively, of the initial 60-year olds reached 
the age of 90, against, as we have seen, 6% and 19% for 
women. The number of men reaching 100 is very limited: 

Figure 5.  Life expectancy by sex and cohort, at ages 60, 70, 80, 90, and 
100 years. Italian cohorts 1870–1904.

Figure  4.  Survival (Sx) by sex and cohort, after age 60  years. Italian 
cohorts 1870–1904.
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0.05% of the 60-year olds of 1870, and little more than 
3% of those of 1904.

The curves of life expectancy at 60, 70, and 80 years of 
age explain still more clearly the disadvantages of the male 
cohorts, particularly if we consider the increasing gap as we 
move from the first to the last cohort (Figure 4).

Conclusion and Discussion
In this work, we have been able to examine the develop-
ment of the semisupercentenarians by cohort, thanks to the 
data collected in the SSC Italian survey. For the cohorts 
born from 1896 to 1910, these data are extremely reli-
able and show a significant increase in the population of 
centenarians and of semisupercentenarians too, in abso-
lute and relative terms. Italian women are more likely 
to cross the threshold of 100  years and the Femininity 
Ratio grows with the succession of cohorts, just as for the 
semisupercentenarians.

A clearer explanation of the importance of mortality 
development in old age in determining the increase in the 
gender gap between centenarians can be gained by looking 
at the growing gap in life expectancy (Figure 4) between 
women and men at 60 and 70 years from one cohort to the 
next. For example, at the age of 60 the life-expectancy gap 
for men and women in the 1870 cohort was about 1 year, 
while it was 4.5 years for that of 1904. This gap certainly 
increased, partly as a result of the deterioration in the con-
ditions of life for the men in our cohorts. We may note that 
the men gain no years of life until the cohorts of the late 
19th century. The stagnation involves all the male cohorts 
that took part in the First World War (Caselli, 2016). Their 
numbers reduced at young adult age by the losses in that 
conflict, they found themselves paying the consequences in 
later years too, at least until age 80, probably as a result 
of adopting habits such as cigarette smoking (widespread 
among soldiers during the First World War), which increased 
their risk of death, particularly from lung cancer (Caselli, 
2016). At the same time that men suffered the effects of a 
life history that had involved risks that endangered their 
health, Italian women in the same cohorts, who had been 
marginalized from the world of work and protected by a 
traditional culture, were, as a result, also protected from 
more harmful life styles, and were therefore able to recoup 
more years of life, gradually increasing the gender gap.

Only after the age of 90—but by then the number of 
those who can reach 100 is much reduced, and so more 
selected—does the average survival rate start to grow, 
as for women (Caselli et al., 2006a; Caselli et al., 2017). 
Starting from the cohorts of the 20th century, men too gain 
in survival at every old age, and this has a positive impact 
on their longevity and thus on the increase in centenarians 
in these cohorts too: the effects are clearly brought out by 
the semisupercentenarian rate too (Figures 2 and 3).

In fact, the increase in life expectancy for the old and 
the oldest old occurred at a different pace and in different 

stages, depending on gender and age. The life expectancy 
of 60- and 70-year-old women, like that of men, began 
to increase with the first cohorts. Then, starting from the 
cohorts of the First World War, as we said, it was inter-
rupted for men, while for women it continued to rise. 
Positive developments for both genders at every age only 
becomes visible with the first 20th-century cohorts, when 
men and women in the years 1970–1975 experienced the 
first real decline in old-mortality, thanks to the decrease 
in mortality for cardiovascular diseases, a subject that has 
been dealt with by various authors (Caselli, 2016; Caselli 
& Egidi, 2011). Obviously, the important role of what is 
known as the cardiovascular revolution also involved these 
cohorts at later ages, starting from years 1970 to 1975. As 
Meslè (2006) and Vallin (2006) in France, and Caselli in 
Italy (2016) have written, the positive effects of the reduc-
tion in mortality from cardiovascular diseases, as well as 
bronchitis and pneumonia following the drop in influenza 
brought about by the widespread use of vaccines, had a 
positive impact on the longer survival of our cohorts, both 
male and female, at 90 and 100 years. We can see that all 
these effects had an important role in increasing the num-
ber of centenarians, too.

In short, if, as many writers have claimed, the growing 
number of centenarians and supercentenarians should be 
related to the size of the initial population, then equally 
important for that growth is diminishing mortality in old 
ages. Indeed, by removing the effect of the initial popula-
tion, we have been able to show that for the cohorts under 
study the observed increase from the first cohorts to those 
most recent, the increase is due to the favorable develop-
ment in survival in old ages and the consequent reduction 
in mortality at these ages. We have also seen that the dif-
ferent development of life expectancy observed in men and 
women after the age of 60 is responsible for the increased 
gender gap in extreme ages of life.

Considering the rate of increase of our population, if 
we were to extrapolate the results observed for the last 
cohorts, we would have to conclude that, in the absence of 
unforeseeable events, the cohorts following those examined 
so far should show mortality levels in old ages that are still 
lower and that will further increase the number of years 
lived in old age before and after the age of 100, at least up 
to 112  years. Around this age, for both genders, but for 
women in particular, a kind of resistance to further pro-
gress seems to appear in our analysis. This result might sug-
gest a gradual closing of the gender gap in the future as the 
cohorts of the second decade of the 20th century become 
centenarians. But, as we have already said, this is also a 
very important result for studies on longevity, as it confirms 
what has been seen in other studies drawing attention to 
the existence of a kind of plateau in the decline in mor-
tality at these ages (Barbi, 2017; Gampe, 2017; Gavrilov, 
Krut’ko, & Gavrilova, 2017).

Survival after 110 years remains in general the unknown 
factor, which numerous studies have referred to, partly 
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with a view to understanding if there may be an upper 
limit to human longevity (Luy, Butz, & Caselli, 2013; 
Olshansky et al., 1990; Wilmoth, 1997). As we have seen, 
so far all studies seem to agree that there is a stagnation 
in average mortality levels after 111–114  years (Gampe, 
2017), suggesting there is a barrier that can be overcome 
only by a very few. Barbi (2017) in a recent study apply-
ing a battery of eight proportional hazard models, esti-
mated from the survival trajectories of the Italian SSC 
survey, also confirmed the existence of the cohort effects 
and on mortality plateau after 112 years. More recent sci-
entific publications suggest that human longevity records 
have stopped increasing. Certainly, in the last 20–25 years 
the maximum reported age at death fluctuated around 
115 years, although some persons live beyond this age, like 
Emma Morano in Italy, who died in 2017 at the age of 
117 years and 137 days. Whether or not there is a limit is 
hotly debated (Barbi et al., 2003; Olshansky et al., 1990; 
Wilmoth, 1997). The international journal Gerontology 
(2017, Experimental Section) recently published two con-
trasting opinions that are of interest to both demographers 
and biologists, one by Vijg & Le Bourg (2017), who try to 
show “why human life span is limited and cannot reach 
the considerably longer life spans of several other species,” 
and the other by Gavrilov et al. (2017), who claim there is 
no convincing evidence that we have reached the limit of 
the human life span, although the mortality of supercente-
narians has not decreased. They said “the future of human 
longevity is not fixed and will depend on human efforts to 
extend life span.” But, how, when, and for whom?

We must wait and see if the recent scientific evidence is 
contradicted or verified by the behavior of the future super-
centenarians. What we believe is that the extreme ages of 
life will be reached by an ever larger number of persons, 
but what we hope is that they may enjoy reasonable condi-
tions of physical and mental health (Franceschi & Bonafé, 
2003; Olshansky, Carnes, & Cassel, 1990; Paolisso et al., 
2000; Willcox, Willcox, & Poon, 2010; Yashin et al., 2000). 
This last condition is certainly important at an individual 
level, but also absolutely necessary for containing public 
expenditure in our societies.

Obviously, if our analysis has the virtue of supplying for 
the first time the number and the histories of survival for 
the semisupercentenarians of one of the largest European 
countries, it does, however, have the limitation of not being 
able to draw on micro-information that would allow us 
to move from describing to explaining the processes stud-
ied and, in particular, to identifying the factors that have 
allowed a growing number of men and women to reach 
such advanced ages. To do this, one would need to have 
micro data collected by ad-hoc surveys with information 
concerning variables able to establish relations with the 
process under study. Longevity is a multidimensional pro-
cess that requires far more information than that supplied 
by demographics if it is to be interpreted. The demographic 
data are indispensable for measuring the phenomenon in 

relation to extensive populations, and not only for small 
groups, but these data need to be integrated with more 
information concerning some individual and familiar 
characteristics and the geographical context in which the 
individual lives.

Starting from the data collected so far for Italy, but also 
available for the various municipalities of birth and resi-
dence of semisupercentenarians, in future we shall be able 
to move in this direction to find a more adequate expla-
nation of the phenomenon. This can be done by identify-
ing geographic areas of longevity and seeking information 
on the characteristics of family, marriage rate, fertility and 
migration for our semisupercentenarians in the munici-
palities that make up these areas, as has been done for 
Sardinian centenarians (Caselli et al., 2006b; Poulain et al., 
2006). However, it will not be possible to collect informa-
tion on individual risk factors for the individuals in our 
cohorts, as our ultra-centenarians are now extinct.

Supplementary Material
Supplementary data is available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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