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Abstract
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Progressive gains in life expectancy have brought increasing aging of developed
countries’ populations and stimulated researches with respect to the limit of
lifespan, the increasing presence of centenarians and the possible determinants of
their “successful” ageing. In the international framework the population of the
region of Sardinia was characterized by exceptional longevity. Through the
comparison of life tables’ rates and life expectancy estimates of birth cohorts born in
the period 1872-1910, this paper reports analyses of differences in overall mortality
between lItaly and the long-living community of Sardinia. The adoption of a
longitudinal approach allows us to explore whether the previously detected
differences at advanced ages are also observable in other age groups. In addition,
the study focuses on the occurrence of mortality crossover as an indicator of
significant mortality differences between populations. Results show that differences
between the two populations are not limited to oldest old ages. Crossover points in
mortality rates are observed in the first years of life and at age 50 years. Both
intersections represent the points where differences in life expectancy are the
highest. At age 5 years differences are of 1.8 years for females and 3.6 years for
males, while at age 50 years they are respectively 1.5 years for females and 3.7
years for males. The observed differences suggest that possible explanations for
differential mortality and crossover might be related to selection process timing and
dynamics which could be determined by genetics, and specific causes of death, as
well as by behavioural and environmental factors.
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1. Introduction

In recent decades, continuous improvements
achieved in human survival have stimulated studies
and researches in various disciplines about the limit
of lifespan (Olshansky et al., 1990; Parsons, 1996;
Kannisto, 1996; Robine et al., 1997; Gavrilov &
Gavrilova 2001; Vallin & Meslé, 2001; Carnes et al.,
2003; Barbi et al., 2008), the increasing presence of
centenarians and their main characteristics (see,
among others, Jeune & Vaupel, 1995; Vaupel, 2000;
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Vaupel & Robine, 2002; Coles, 2003; Robine &
Caselli 2005; Maier et al., 2010) and the possible
determinants of their “successful” ageing (see,
among others, Allard et al., 1996; Franceschi et al.,
2000; Caselli & Lipsi, 2006; Willcox et al., 2006;
Christensen et al., 2006; Franceschi et al., 2007;
Murabito et al., 2012; Brooks-Wilson, 2013).

In the international framework, it has been
shown that certain populations are characterized by
exceptional levels of longevity (Poulain et al., 2013).
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These include Okinawa in Japan (Willcox et al.,
2001; Robine et al., 2003; Poulain & Naito, 2004;
Cheung & Robine, 2007; Poulain, 2011), the
peninsula of Nicoya in Costa Rica (Rosero-Bixby,
2008; Davinelli et al., 2012; Rehkopf et al., 2013),
and the region of Sardinia in Italy (Deiana et al.,
1999; Passarino et al., 2001; Poulain et al., 2004,
2011; Gatti & Salaris, 2004; Caselli & Lipsi, 2006;
Caselli et al. 2006; Salaris, 2010, 2014; Orru, 2011;
Pes et al., 2013; Salaris et al., 2013).

Sardinia has been the subject of several studies
on longevity, as it is generally considered a suitable
setting: i) for genetic studies, due to its
geographical and genetic isolation (Cavalli Sforza et
al., 1997; Lampis et al., 2000; Fraumene et al., 2003;
Pilia et al., 2006; Strait et al., 2009); ii) for studies of
cardiovascular diseases (CVD), given the low
mortality rates recorded in the island (Caselli &
Lipsi, 2006; Muntoni et al., 2009; Scuteri et al.,
2009); iii) for researches on centenarians, found to
be geographically limited to the inland area of the
region (Poulain et al., 2004; Gatti & Salaris, 2004;
Orru, 2011); iv) for studies of oldest ages in male
survival in general (Passarino et al., 2001; Poulain et
al., 2011).

The aim of this current contribution is to
improve understanding of mortality differentials
between Italy and one of the identified and
documented long-living communities in Sardinia,
namely the municipality of Villagrande Strisaili
(section 3), through the comparison of mortality
trajectories of historical birth cohorts born in the
period 1872-1910 (section 4).

A longitudinal perspective allows us to overcome
the age fragmentation that analysis of differential
longevity usually involves, as the focus is generally
limited to oldest old ages, and so extends the
comparison to the entire life span. This approach
helps in understanding how mortality trajectories
evolve in the two populations over the life course
and to look at the different levels of longevity
observed, particularly among males, as the
outcome of a more complex process which is
influenced by the pace and intensity of mortality at
earlier ages. The research questions that arise are
therefore the following: are the detected
differences at advanced ages also present in the
other age groups? Or does mortality risk variation
across the life course lead to the occurrence of
mortality crossovers?
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With this aim, the study extends the analysis of
mortality age variations in the two settings to the
entire life course, including the study of early and
young-adult mortality, and devoting special
attention to the detection of possible mortality
convergence points as indicators of significant
changes in mortality risk associated with age
(section 5). The study finally sets out the possible
explanations for differential survival and mortality
crossover between the studied populations (section
6).

2. Differential mortality and mortality

crossover

In the study of differential mortality researchers
have often focused on the so-called mortality
crossover, which is usually detected through the
comparison of mortality rates. It is considered an
indicator of significant variations in mortality risk
associated with age. It is not such an unusual event
(Liu & Witten, 1995), as differences in mortality
between populations or population subgroups
rarely stay constant, but rather produce
intersection points (Liu et al., 2008). The crossover
occurs at the age of highest difference and
corresponds to the shift, for the initially advantaged
population, from relatively low to relatively high
mortality rates and it is determined by a mortality
acceleration (Hirsch et al., 2000).

A growing body of literature has documented
mortality crossover in different populations
suggesting several factors are responsible for the
observed intersection and convergence of mortality
rates. Among the relevant factors race and ethnicity
are the most studied. Often the analysis looks with
interest at the role of specific causes of deaths
(Nam et al., 1978; Nam, 1995; Hummer 1996; Corti
et al., 1999; Johnson, 2000; Hill et al., 2000; Lynch
et al., 2003; Thornton, 2004; Stansbury et al., 2005)
and at socioeconomic status (Hoffmann, 2005; Yao
& Robert 2011; Sautter et al., 2012). Crossover
proves also to be caused by selection effects of
exceptional events such as famine (Song, 2010) and
it was detected when comparing particular long-
living regions — as for example in Okinawa - with the
national framework (Poulain & Naito, 2004; Poulain,
2011).

There are two major scientific hypotheses for
the occurrence of a mortality crossover. The first
explanation considers the issue of data quality. Bad
data, and particularly age misreporting, leads to
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false mortality crossover (Coale & Kisker, 1986; Elo
& Preston, 1994; Preston et al., 1999). The second
school of thought interprets it in terms of frailty.
The population is assumed to be highly
heterogeneous and a selection process occurs over
the life cycle; frail individuals are eliminated early
on, while robust subgroups survive to older ages
(Vaupel et al., 1979).

As argued by Lynch et al. (2003; pg. 457)
“mortality crossover, however, is only one aspect of
mortality that can be considered when evaluating
differences  between  populations. Mortality
compression and deceleration - the rate at which
the mortality hazard curve changes shape
(steepens) across time and the age at which
mortality rates cease to grow exponentially across
age - constitute important aspects of mortality that
must also be considered to understand overall
mortality pattern differences”.

In  particular, the concept of mortality
deceleration is related to that of unobserved
heterogeneity and of mortality selection (Wrigley-
Field, 2012), as population mortality rates change
according to the changing composition of the
population. Timing and characteristics of mortality
selection might be due to genetic and biological
features of the population, and/or to external
factors like wars and epidemics which can produce
the so-called “mortality shocks” in a population.
However, the latter have been shown to produce
their effects in the short term, but do not affect the
rate of aging of a population (Zarulli, 2012).

3. The community of Villagrande

Strisaili

Villagrande Strisaili is located at 700 meters
above sea level in the province of Ogliastra in the
in-land area of Sardinia and it belongs to the so
called Blue Zone of longevity in Sardinia, which
consists of 14 municipalities where a significant
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number of centenarians were recorded as well as a
low sex ratio value (Poulain et al., 2004).

At the first general population census after Italy
unified in 1861, the municipality recorded 1,251
inhabitants and a decade later the residents were
1,111 (Angioni et al., 1997). Since 1861 its
population grew continuously until the census of
1971, when for the first time there was a reduction
in the population. This change has been
determined, as in many other communities in the
inland area of Sardinia, by important migration
flows that during the ‘60s and ‘70s triggered the
depopulation of smaller centres (Gatti & Puggioni
1998). In the most recent decades, we continue to
observe a declining trend, although - compared to
the past — it is mainly a consequence of structural
aging of the population, rather than of out-
migration flows (Esposito, 2012). According to the
latest available ISTAT (2014) data on resident
population at January 1°' 2013, Villagrande has
3,324 inhabitants.

4. Data and Methods

4.1. Birth cohorts studied

Birth cohorts from 1872 to 1910 for Italy and for
Villagrande Strisaili are followed longitudinally from
birth to oldest-old ages. The focus on these birth
cohorts was firstly determined by data availability,
as cohort life table estimates for Italy are accessible
from the Human Mortality Database (HMD) since
1872. Secondly, the decision to include birth
cohorts until 1910 guarantees that the population
under study consists of individuals that today are at
least 100 years old and the number of still living
individuals is limited in both populations, although
the analysis here is limited to survival up to 80 years
old. For Villagrande Strisaili, an average of 50 births
per year are recorded; the total number of cases
considered in the present study in the birth cohorts
1872-1910 are 1,955 of which 1,009 are males and
946 females. Table 1 presents the distribution of
deaths and censored cases by age and sex.
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Table 1. Distribution of deaths and censored cases of Villagrande Strisaili birth cohorts 1872-1910
by age and sex

MALES FEMALES
Age i Censored . Censored
Survivors  Deaths Survivors Deaths
cases cases

0 1.009 240 7 946 241 4
5 762 36 1 701 36 0
10 725 30 0 665 18 0
15 695 32 9 647 13 2
20 654 51 11 632 29 0
25 592 22 8 603 24 2
30 562 25 16 577 24 3
35 521 15 6 550 18 1
40 500 18 2 531 20 0
45 480 24 1 511 18 0
50 455 12 0 493 12 1
55 443 22 0 480 22 0
60 421 26 1 458 29 0
65 394 27 0 429 35 0
70 367 38 1 394 35 0
75 328 77 1 359 55 0
80 and over 250 242 8 304 300 4

4.2. Data sources

Data for Italy were extracted from the Human
Mortality Database (HMD) life table estimates by
cohort for the total Italian population (including the
village of Villagrande Strisaili), which were
constructed by HMD using data from official vital
statistics and census counts published by the Italian
National Statistics Office (ISTAT). The data for birth
cohorts in Villagrande Strisaili comes from the
Villagrande  Longevity  Database (VILD), a
reconstructed family database of all individuals
born in Villagrande Strisaili from 1866 to 1915,
whose survival was in this study observed until
2010 (Salaris, 2010). Data was collected from civil
status registers, population registers and parish
registers thanks to the availability of the Diocese of
Lanusei (with regard to parish registers) and to the
Demographic Office of the municipality of
Villagrande Strisaili (for all other registers) in
accordance with national data privacy regulations
and in compliance with the time limits specified
therein. Data was aggregated to avoid identification
of subjects. Although historical data requires a great
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effort for data collection, it allows us to take into
consideration the entire population, avoiding
selection biases introduced by individual consent.
All individuals, dead or alive at the time of the
study, are considered thanks to their demographic
data. The data coverage is complete and with no
selection or sampling of population subgroups. This
approach allows us to establish a unique link
between historical data and current level of
longevity. Through the analysis of births, marriages
and deaths each individual was followed from birth
to death. Data collection covered the period from
1866 to 2010 and provides a level of coverage of
95% of known survival. Conversely, the remaining
5% consists of individuals who were born in the
village but whose age at death is not known.

4.3. Data quality

Life table estimates for Italy are of good quality
and the HMD provided researchers with a reliable
set of annual complete life table functions (Meslé &
Vallin, 2009). Raw data comes from period data and
subsequently was organized by birth cohort
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(Wilmoth et al., 2007). With regard to coverage and
completeness of the data, it should be specified
that the HMD calculates death rates on the present
population and that estimates took into account
deaths of Italian residents that occurred abroad,
which were proportionately distributed by age. The
official statistics did not include information on
deaths during World Wars | and Il; however, death
counts in the HMD were adjusted to include military
deaths (Glei, 2009). With regard to life tables for
Villagrande Strisaili, data issue is more complex and
implied a careful validation process of raw data. In
more detail, data validation was considered
possible under-registration of births and related
deaths (Breschi et al., 2012); the effect of migration
flows (Meslé & Vallin, 2002); and age misreporting
(Ewbank, 1981; Preston et al., 1999). Finally, in

order not to exclude individuals with partial
information on survival, the study set up a
censoring strategy, using the last information

available (i.e. still living individuals at the end of
observation period, migration date, birth of last
child, date of marriage, military examination,
Confirmation religious ceremony) as a truncation
date of the observational window. In this manner
individual survival has been at least
underestimated. Right truncated cases represent
4.6% of the population under study and this
percentage varies from 7.1% of males to 1.8% of
females (Table 1).

4.4. Methods

HMD life table functions for Italy were calculated
by HMD according to their protocol considering the
extinct and almost extinct cohort method, which
assumes a stationary population and no
international migration (Wilmoth et al., 2007). The
latter assumption is reasonable only for advanced
ages (Meslé & Vallin, 2002) and it also holds for
Villagrande Strisaili (Salaris, 2010). Life tables for
the Villagrande Strisaili population have been built
according to Preston et al. (2001) formulas for
single decrement life tables and estimated
separately for males and females. The SPSS
software (v. 17.0) was used to obtain basic life table
estimates. The analysis considered individual data,
which  were aggregated by 5-year intervals.
Terminal events (deaths) and censored cases (ends
of observation) were summed at each 5-year age
interval. Mortality rates (m,) directly derive from
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the software outputs and were estimated according
to the exact exposure time of the individuals
involved (exact age at death and at censoring). Life
expectancy estimates instead were estimated from
the basic life table functions provided by the
software. For infants below age 5 vyears, the
formulas used for a; come from adapted values
from Coale and Demeny (1983, cited by Preston et
al., 2001) for West model life tables as proposed by
Preston et al. (2001). For both Italian and
Villagrande Strisaili life tables, open age category at
80 vyears was estimated adopting formulas
suggested by Preston et al. (2001: 48) and by the
Human Mortality Database Protocol for Cohort Life
Tables (Wilmoth et al., 2007).

Due to the limited size of the Villagrande Strisaili
population, all birth cohorts in the period 1872-
1910 were analysed as a unique group, using the
mean value of the selected life table function for all
birth cohorts. The analysis considered the overall
mortality level in the two populations, without
controlling for other variables. This choice is for
some aspects controversial, as it assumes that the
survival experience of individuals born over a period
of about 40 years is similar and does not take into
account the possible confounding effects of
individual characteristics and/or cohort experience.
However, prior analysis of birth cohort data from
Villagrande Strisaili showed that, despite no
observation of a secular trend in survival among
decennial cohorts, mortality differentials between
cohorts were limited to adult ages and shown not
to have impacted on the ageing process (Salaris,
2014).

5. Results

5.1. Comparison of mortality rates

Table 2 reports age-specific mortality rate
estimates from birth to age 80 years for Italy and
Villagrande Strisaili by sex. The reported rates refer
to the average mortality risk at each time interval.
Mortality estimates in the two populations
converge and intersect in different points but
among them two points deserve particular
attention as differences proved to be statistically
significant. Crossovers are detected in
correspondence of curves’ intersection (Figurel,
Figure 2).
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Table 2. Mortality rates (m,) comparison for Italy and Villagrande Strisaili birth cohorts
by age and by sex

MALES FEMALES
Age Italy Villagrande Str. Age Italy Villagrande Str.
mx mx se mx mx se

0-4 0.0800 0.0542 0.0035 0 0.0760 0.0585 0.0037

5-9 0.0078 0.0097 0.0016 5 0.0083 0.0105 0.0018
10-14 0.0036 0.0085 0.0015 10 0.0043 0.0055 0.0013
15-19  0.0061 0.0095 0.0017 15 0.0057 0.0041 0.0011
20-24 0.0118 0.0164 0.0023 20 0.0067 0.0094 0.0017
25-29  0.0093 0.0076 0.0016 25 0.0065 0.0081 0.0017
30-34 0.0080 0.0092 0.0018 30 0.0063 0.0085 0.0017
35-39 0.0076 0.0059 0.0015 35 0.0060 0.0067 0.0016
40-44  0.0079 0.0073 0.0017 40 0.0060 0.0077 0.0017
45-49  0.0088 0.0103 0.0021 45 0.0062 0.0072 0.0017
50-54 0.0114 0.0053 0.0015 50 0.0077 0.0049 0.0014
55-59  0.0161 0.0102 0.0022 55 0.0105 0.0094 0.0020
60-64 0.0239 0.0128 0.0025 60 0.0156 0.0131 0.0024
65-69 0.0362 0.0142 0.0027 65 0.0243 0.0170 0.0029
70-74  0.0557 0.0219 0.0035 70 0.0392 0.0186 0.0031
75-79  0.0866 0.0533 0.0060 75 0.0642 0.0332 0.0045

80+ 0.1334 0.0465 0.0064 80 0.1031 0.0636 0.0069

Figure 1. Mortality rates (m,) comparison for Villagrande Strisaili and Italy for female birth
cohorts (in logarithmic scale)

Age
1|D T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
.-ﬁ-.l::l,1
E
@
E
=
=
=]
5
= 0,0
_|li1hf
‘ . - - - Low CI {0.01)
- ! “: . =—\/illagranda Str.
. ' — =High CI (0.01)
0,0

48



Luisa Salaris

Mortality differentials and crossover: a longitudinal analysis

Figure 2. Mortality rates (m,) comparison for Villagrande Strisaili and Italy for male birth cohorts
(in logarithmic scale)
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The first intersection point for both males and
females is observed in correspondence of age 0 to 4
years old, noting that the risk of death in the first
four years of life is lower in Villagrande Strisaili than
in Italy. Italian male birth cohorts record 32.3
percent higher mortality rates than their peers born
in Villagrande Strisaili, while for females this
difference is 23.0 percent.

What appears particularly interesting is that
after 5 years old, a worsening of survival conditions
in Villagrande Strisaili, compared to the national
estimates, is clearly observed. This change proves to
be particularly marked for males, who from age 5 to
age 20 years in Villagrande Strisaili have increased
risk of death. At age 10-14 years the difference in
mortality rate are statistically significant and
Villagrande Strisaili males experience a 134.3
percent higher risk of death than their national
peers.

The mortality rates trend during young
adulthood do not markedly differ in the examined
populations and estimates converge to similar
values. In consequence the proportion of newborns
that reach 50 years old is similar in both birth
cohorts in Italy and in Villagrande Strisaili: in Italy
47.4 percent of males and 52.1 percent of females;
in Villagrande Strisaili 45.1 percent of males and
52.1 percent of females.

Relevant differences again emerge at the onset
of ageing when a second relevant crossover can be
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observed. At age 50 years mortality starts to grow
exponentially in both populations and for both
sexes. In general, the risk of death for individuals in
Villagrande Strisaili is lower than for their national
peers. For females, we observed that until age 50
years Villagrande Strisaili records a higher mortality
risk and after intersection it experiences a reduced
susceptibility to mortality. However, differences
between the two populations are not particularly
marked and become statistically significant (p-value
= 0.01) only after age 65 years. As figure 2 shows,
differences between males are particularly marked
from age 50 years onwards, and as a person ages
the risk of death in Villagrande Strisaili is lower than
in ltaly. Differences from age 55 vyears are
statistically significant (p-value = 0.01) and are
estimated to be 37 percent higher for the Italian
population than for Villagrande Strisaili.

5.2 Differences in life expectancy

Figure 3 and Figure 4 show life expectancy (e,)
estimates for Villagrande Strisaili and Italian birth
cohorts from birth to 80 years, respectively for
females and males. Although differences might
appear limited (especially between females), the
values represented according to the second y-axis
on the right side of the graphs show more clearly
when and how the two populations differ in terms
of survival.



Luisa Salaris

Mortality differentials and crossover: a longitudinal analysis

Figure 3. Female life expectancy estimates for Villagrande Strisaili and Italian birth cohorts
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Figure 4. Male life expectancy estimates for Villagrande Strisaili and Italian birth cohorts
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Life expectancy (e,) at birth for females is 46.1
years for individuals born in Villagrande Strisaili and
43.9 years for their Italian peers. For males, in
Villagrande Strisaili an e, value of 42.5 years and for
Italy 40.4 years are recorded, underlining a slightly
higher life expectancy at birth in Villagrande Strisaili
than in Italy. At birth, differences are 2.2 years for
females and 2.1 years for males.

At age 5 years females have an e, of 56.3 years
for Villagrande Strisaili and 58.1 for Italy, while
among males e, at the same age is 50.5 years for
Villagrande Strisaili and 54.1 vyears for Italy.
Differences are from 1.8 years among females to
3.6 years among males and this produces an
intersection of the two e, curves at 5 years old.
From age 5 years to adulthood (20-30 years) e,
estimates for the Italian population are higher than
for Villagrande Strisaili and the two e, curves
intersect at age group 20-25 years for males and at
age group 30-35 years for females. This higher
mortality recorded in Villagrande Strisaili during this
age period could be the result of a postponement of
early death. Therefore, the survival advantage
recorded in Villagrande Strisaili in the first year of
life — as evidenced in the analysis of mortality rates
- is not maintained at subsequent ages, but
generates an excess mortality during the transition
from childhood to adulthood.

Since the crossover point between the e, curves
of females is at 25 years, Villagrande Strisaili and
Italian birth cohort estimates proceed as two
parallel lines. At age 50 years the highest difference
is recorded in the two populations and e, of females
in Villagrande Strisaili exceeds estimates for the
female Italian population by 1.5 years. Differences
are more marked for males, where the crossover
occurs earlier at age 20 years. Starting from that
age the excess of life expectancy of Villagrande
Strisaili males varies from 1.0 years at 25 years and
reaches a maximum at age 50 years when the
difference between Villagrande Strisaili and the
Italian population is 3.7 years, suggesting that the
two populations greatly differ at the onset of the
aging process.

6. Discussion

The adoption of a longitudinal perspective for
the study of mortality differential between a long-
living community in Sardinia and the Italian
population confirms prior findings which pointed
out that at more advanced ages the two
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populations present a different level of
susceptibility to mortality (Caselli & Lipsi, 2006;
Poulain et al., 2011). However, the differences are
shown not to be limited exclusively to the oldest old
ages.

Firstly, the results of this analysis show that the
inclusion of all age groups, from birth to 80 years
old, allows us to detect the occurrence of two
relevant points of crossover. On the one hand, this
result points out differences in mortality variations
during the life course in the examined populations,
but - on the other hand - it calls into question the
appropriateness of a comparison of populations so
different in size, as well as the quality of the data
(Coale & Kisker, 1986; Scherbov & Ediev, 2011).
With respect to the first factor, the available period
data on general mortality level shows that the
mortality experiences of the examined populations
have similar profiles (Salaris, 2014). There are no
significant differences in the impact of important
historical events like WWI, WWII and Spanish flu
epidemic (Tognotti, 1996; Cannas, 2007; Salaris,
2010). Moreover, the examined birth cohorts -
despite the observed differences in early and young
adult mortality - record similar proportions of
survivors that reach 50 years old.

The first crossover occurs in the first years of life.
At age 5 years differences in life expectancy are of
1.8 years for females and 3.6 years for males, lower
in Villagrande Strisaili compared to Italy. A second
marked intersection takes place at age 50 vyears,
where differences are respectively of 1.5 years for
females and 3.7 for males, but this time life
expectancy is higher in Villagrande Strisaili
compared to national estimates. The observed
differences in mortality in the first years of life raise
questions about data quality and in particular about
the possible distorting effect of errors in
registration of stillbirths and infant deaths. As
discussed in detail in section 4, on the one hand it is
not possible to exclude this type of bias (Breschi et
al., 2012) as so far, given the poor living conditions
experienced on the island at the turn of the 20t
century, it is difficult to find a convincing
explanation for this phenomenon of low early
mortality. However, on the other hand, numerous
studies at the macro and micro levels have
confirmed the particularly favourable situation for
early survival in Sardinia and the good quality of the
data (Coletti, 1908; Bellettini, 1987; Pozzi, 2000;
Gatti, 2002; Salaris, 2010). To overcome possible
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biases in early mortality estimation in Villagrande
Strisaili, individual data on possible cases of under-
registration of births and related deaths as well as
the effects of migration flows were carefully
examined.

The second crossover point takes place at age 50
years and this result appears to be robust with
regard to data, as it depends on ageing mechanisms
of survivors. The data used for Villagrande Strisaili
was submitted to a rigorous validation procedure to
avoid cases of age misreporting and to achieve the
maximum level of complete information on survival,
assuring good quality of the data we used. This
allowed us to exclude the occurrence of a false
crossover related to poor data coverage,
completeness and quality.

Secondly, in this study the observed differences
in  mortality rates suggest that a possible
explanation of differential mortality and crossover
might be related to selection processes, timing and
dynamics. In this perspective the longitudinal
approach turns out to be particularly useful to
better understand mortality age variations across
the life course in the examined populations.

The occurrence of first crossover — observed in
the first years of life — might be explained by what
happens after age 5 years. In Villagrande Strisaili, in
fact, from age 6 years to adulthood an excess
mortality of its population particularly for males
compared to Italy is observed. This means that the
postponement effects of early mortality from the
first two years of life to subsequent ages observed
by numerous researchers on Sardinian data until
age 5 years — the conventional limit for the study of
child mortality - in actual fact also continues after
this age. The initial favourable conditions for
children that have been observed in Sardinia prove
therefore to be temporary. This result might be
explained by the changing attitude that parents in
Sardinia had towards their children once they
reached 2 vyears old as documented by Coletti
(1908). The author reports that children
experienced an obsessive care in the first years of
life, but were almost left alone once independently
starting to move and talk. In general, there was a
large labour participation of children who worked
alongside their parents or, if needed, for other
families (Salaris 2013). This leads to the hypothesis
that the detected differences in the first years of life
and the subsequent crossover may be explained by
the timing of the elimination process of frail
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individuals in the two populations. In the Italian
population the elimination of frail individuals takes
place in the first years of life, while in Villagrande
Strisaili it starts from the second year of life and
more markedly from age 6 years to adulthood. The
doubtable low level of mortality recorded in
Villagrande Strisaili therefore corresponds in reality
to an excess mortality at subsequent ages that
balances the level of mortality in the two
populations and makes mortality risk converge to
similar values in both populations since at age 50,
i.e. at the onset of the aging process, they record
close proportions of survivors.

The occurrence of the second point of
intersection in both sexes at age 50 years shifts the
attention to the ageing process. In Villagrande
Strisaili a mortality deceleration can be observed,
and individuals are eliminated at a lower rate
compared to their national peers, with differences
being more marked for the male population.
Selection processes due to ageing mechanisms
prove to differ in the examined populations,
occurring in Sardinia during a longer period of time
and at a slower pace than that observed at early
stages of life. Only a life course perspective allows
us to observe this result.

Thirdly, in view of the identified mortality
differentials it is appropriate to reflect on the
possible explanation for these differences and the
occurrence of crossovers, which in the literature are
generally attributed to ethnicity/race and/or
specific causes of deaths (Nam et al., 1978; Nam,
1995; Hummer, 1996; Corti et al., 1999; Johnson,
2000; Hill et al., 2000; Lynch et al., 2003; Thornton,
2004; Stansbury et al., 2005). In the ltalian context,
it seems more opportune to reflect on genetic
differences, rather than on race. From a genetic
point of view, Sardinia differs considerably from
other European populations (Cavalli-Sforza et al.,
1997) and the persistence of these differences to
the present has certainly been favoured by its
geographical isolation (Sanna, 2006). Genetic
studies point out that genes certainly play a role in
the aging process, whether these genes are
longevity genes or genes involved in the control of
age-related diseases (Cadore et al.,, 2006). In
general, the effect of genes was shown not to
remain stable but rather to determine a certain
level of susceptibility to specific diseases and to
death (Christensen et al., 2006). Accordingly, it is
plausible to hypothesize that the Sardinian
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population could have favourable genes for a
successful aging process in their genetic pool, which
implies a reduced susceptibility to certain causes of
death (Pilia et al., 2006; Poulain et al., 2011).

Differences in the epidemiological profile
between Sardinia and the mainland can be traced
back to the past as, according to period data from
Unification until the first decades of the 20
century, Sardinia was, with Piedmont and Liguria,
one of the regions that recorded better survival
estimates at adult ages (i.e. at ages 25-64 years and
65 years and over), particularly with regard to the
male population (Caselli, 1987). The available data
on mortality by cause for the period 1888-1891 and
1908-1912 allows us to stress that in Sardinia,
compared to the national framework, if we exclude
the high incidence of deaths due to malaria, lower
standardized rates were registered for circulatory
system diseases, vascular lesions, and cancer (Pozzi,
2000).

According to more recent investigations, a low
level of mortality due to cardiovascular diseases
(CVD) at age 80 years and over is recorded in
Sardinia (Caselli & Lipsi, 2006). The role of CVD
emerges also in the work of Muntoni et al. (2009)
who point out that in spite of the increasing levels
of several risk factors (i.e. high blood pressure and
smoking habits) mortality for CVD in Sardinia
remains low. Undoubtedly the lower incidence of
CVD, and related deaths, cannot represent the only
cause of “advantage survival” in the aging process
of the Sardinian population compared to the
mainland, but it certainly plays an important role.
However, the findings of this study refer to overall
mortality and this does not allow us to speculate
further on the possible role of cause specific
mortality.
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