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Abstract
This paper aims at investigating the interaction between longevity and Fertility, and
longevity and infant mortality. Research questions are: has fertility a protective effect on
maternal survival at advanced ages? Have long-lived women been doubly favored, due to
their lower fertility being distributed over a greater proportion of their fertility period? And, at
the same time, is maternal longevity associated with lower infant mortality in her offspring?
The wealth of information gathered in the AKeA2 survey, concerning family genealogies of
the Sardinian centenarians and control groups have been used to study various hypotheses
about longevity by applying a Logistic Regression Model and a Logistic Random-Intercept
Model. As regards the first interaction, long-lived women having had the last child at
advanced ages (e.g. 45 years or more) shows a protective effect on mother’s survival. With
respect to the relationship between longevity and infant mortality, the most interesting result
concerns the significantly lower mortality in the first year of life among children of
centenarian women.
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1. Background and Research Questions

The relationship between longevity and fertility has been tackled in various articles (Behr
and Small 1997; Westendorp and Kirkwood 1998; Vinogradov 1998; Lycett et al. 2000;
Doblhammer 2000; Müller et al. 2002; Doblhammer and Oeppen 2003; Yi and Vaupel 2004;
Larke and Crews 2006; McArdle et al. 2006). The main results showed that women who live
longer seem, on average, to have fewer children, at an apparently older age, particularly for
their last children. Nevertheless, only a few of the previous studies have focused on
centenarians, and here lies the novelty of our study.
The disposable soma theory on the evolution of ageing states that longevity requires
investments in somatic maintenance that reduce the available resources for reproduction
(Westendorp and Kirkwood, 1998). As Westendorp and Kirkwood (1998, abstract)
demonstrated, “when account was taken only of women who had reached menopause, who
were aged 60 years and over, female longevity was negatively correlated with number of
progeny and positively correlated with age at first childbirth.” The authors emphasize the
importance of analyzing the effect of fertility behavior on longevity in post-reproductive ages.
Evolutionary ageing theory predicts that because ageing is a consequence of a trade-off
between longevity and reproduction, the age at which organisms begin to reproduce should be
positively correlated with maximum longevity, meaning that the driving selective force in the
human lifespan is maximizing the period of time during which women can bear children
(Hamilton 1966; Charlesworth and Charlesworth 1980; Kirkwood and Rose 1991; Vaupel et
al. 1998). In terms of evolutionary fitness, natural selection is expected to favor high fertility,
early age at first reproduction, and late age at last births. However, its role is largely
influenced by several factors, such as maternal well-being and health status, biological and
genetic characteristics, familial wealth and socio-economic level. Recently, Doblhammer
(2000), used population data from Austria, England and Wales to find a positive relationship
between giving birth after age 40 and longevity, which is consistent with the findings of
previous studies (Voland and Engel 1986; Snowdon et al. 1989; Perls et al. 1997; Cooper and
Sandler 1998; Müller et al. 2002; McHardle et al. 2006). In addition, her results suggest that
the longevity advantage of late mothers depends on a reduction in their mortality risk from
circulatory diseases, although at the same time their risk of breast cancer is significantly
increased (Doblhammer and Vaupel 1998).
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The postponement of reproduction is a widespread characteristic in the recent and past
Sardinian population. The geographical pattern of late maternity in Sardinia in the last 20
years of the twentieth century (Astolfi et al. 2009, Tentoni et al 2012) was significantly
similar to the geography of longevity, characterized by the presence of a large number of
centenarians (Wagner 1950; Contini et al. 1989; Deiana et al. 1999; Poulain et al. 2004;
Caselli at al. 2006). The Astolfi et al. study (2009) of Sardinian women in reproductive age
showed that late maternity is relatively common and perinatal and infant mortality is
relatively unusual. Furthermore, the age of Sardinian mothers at birth does not significantly
increase neonatal and infant mortality.
The association between women longevity and infant mortality of their offspring has
never been studied.
It is well known that childbearing and neonatal mortality are generally affected by the
mother’s age at birth or by the birth order of the child (Nault et al., 1990; Dollberg et al.,
1996; Astolfi et al., 2002; Joseph et al. 2005; Astolfi et al., 2009 ; Tentoni et al., 2012). Until
the first World War, Sardinia had the lowest infant (and especially neonatal) mortality rates
recorded in Italy and stillbirth rates lower than the national average (Pozzi, 2000) even though
the maternal mean age at birth was particularly high (Caselli et al., 2006).
*

In a descriptive analysis of data coming from the Sardinian AKeA2 survey, a lower
number of deaths in the first year of life was observed among the children of those who
survived to become centenarians. For centenarian women, 78 out of 1000 infants died. In
contrast, for the controls in the same cohorts as the centenarians, but who died in their 60s or
70s, the death rate of their infant children was 118-172 per thousand (Lipsi et al., 2012).
Mothers who became centenarians also suffered a lower death rate among their infant children
than did women born in later cohorts, even though infant mortality overall was lower in these
later cohorts. In Sardinia as a whole, infant mortality in the period 1925-1930, which roughly
coincides with the mean age when centenarians had their children, was 100-105 per thousand
(Breschi et al., 2008).
*

AKeA2 is the acronym of the survey on Sardinian Centenarians, directed by James Vaupel, Max Planck
Institute for Demographic Research, Rostock, Germany (financed by NIA, US, subcontract with Duke
University n.03-SC-NIH-1027). The survey follows a previous research project on Sardinian centenarians,
named AKeA.
Research Group: Luca Deiana, University of Sassari, Department of Biochemistry; Giovannella Baggio, City
Hospital of Padua; Ciriaco Carru, University of Sassari, Department of Biochemistry; Graziella Caselli,
Sapienza, University of Rome; Claudio Franceschi, Department of Experimental Pathology, University of
Bologna; Gianni Pes, University of Sassari, Department of Biochemistry; Lucia Pozzi, University of Sassari,
Department of Business and Economics; James W. Vaupel, Max Plank Institute for Demographic Research,
Rostock
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The aim of this paper is to analyze the two-way interaction between fertility and
longevity, and longevity and infant mortality. In particular, our research questions are: has
fertility a protective effect on maternal survival at advanced ages? Have long-lived women
been doubly favored, due to their lower fertility being distributed over a greater proportion of
their fertility period? And, at the same time, is maternal longevity associated with lower infant
mortality in her offspring?
The wealth of information gathered in the AKeA2 demographic survey (Caselli et al.
2006; Lipsi et al 2012) focuses particularly on data collection concerning family genealogies
of the Sardinian centenarians and control groups.

2. Data and Methods
In the AKeA2 survey, 204 centenarians born between 1890 and 1904 (98 men and 106
women), were picked in 126 municipalities out of the 377 Sardinian municipalities
throughout the island. Once the centenarian’s consensus was obtained, the local municipal
authorities were contacted and a list of individuals (living controls) was requested. From this
list, 3 matched individuals for each centenarian born in 1905-1910, 1911-1916 and 19181925, and who were aged 80-99 years at the beginning of our study in 2004, were selected. A
demographic survey was performed that also involved an additional 2 individuals for each
centenarian from the same cohort who died in their late 60s (60-69 years) and late 70s (70-79
years) (dead controls). All the controls were of the same gender as the centenarian, born and
still living in the same municipality, and their day and/or month of birth were as close as
possible to that of the centenarian (for more information, see Caselli et al. 2006; Lipsi et al.
2012). Individual controls with the same family name were excluded to avoid excessive
consanguinity.
To validate the individual’s age, the following documents from civil and population
registers were examined: birth certificate, marriage certificate(s), the birth certificate of
parents as well as their marriage and death certificates, the birth certificates of all children of
the sampled individual, and the birth certificates of the individual’s siblings. Complete
validation was achieved only when the data had been cross-checked and proven consistent.
By applying the validation procedure, genealogies were reconstructed for 1,145
individuals: 204 centenarians, 581 living controls (we were unable to find 31 suitable controls
in a few of the smaller municipalities), and 360 dead controls (in some of the smaller
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municipalities 48 appropriate persons could not be identified). For each individual we
reconstructed his/her life history (Caselli et al. 2006).
Full information (100%) is available for all individuals – centenarians and controls–
regarding year and place of birth, date and place of death (if dead), sex of children, and date
of death for all dead children. We have 90%-95% of completeness for all other demographic
characteristics used in the analysis (Lipsi et al., 2012). Among the 20 demographic
information available, for the purpose of this study, we considered, for centenarians and
controls women, the following variables: date of birth; date of death; place of birth; number
and date of birth of their children; number of siblings and their birth order; date of deaths of
their children dead from 0 to 1 years; paternal and maternal age at birth of centenarian and
controls.
For each individual in our sample we also collected information on his/her educational
level and socio-professional condition in active age. Unfortunately,

it was not possible to

include the variable of education in our analysis due to the great number of missing data and
very low variability in educational characteristics (75.7% of people with available information
made no declaration concerning education). For socio-professional condition, all centenarian
and live controls women, except one who is a nun, were listed as “housewives”. Of course,
this information is not available for dead controls.
We implemented a Logistic Regression Model in order to investigate the relationship
between fertility and longevity (Harell 2001).
Regarding this aim (i.e. fertility and longevity relationship), for the reference population
we included all women with at least one child (N =258) by comparing those who survived
after age 80 with those who died between age 60 and 80. We define long-lived as individuals
who survive after age 80, based on a previous descriptive analysis of the association between
fertility and longevity (Lipsi et al. 2012. See Table 1). In our model, we consider two different
dimensions of female fertility: Number of offspring and Timing of reproduction (e.g., age at
first child and age at last child). The results were controlled for both parents’ longevity and
the birth order of centenarian and controls, i.e. factors that can affect the probability of
becoming centenarian.
In order to investigate the relationship between longevity and infant mortality we used
both a Logistic Regression Model and a Logistic Random-Intercept Model (Harell, 2001;
Goldstein, 2003; Twisk, 2006), the latter serving to take into account the fact that children
belonging to the same mother could have experienced a similar risk of dying. In fact, the
observed deaths between 0-1 years could be influenced by the presence of some mothers with
5

more than one child who died in the first year of life (“cluster” effect). In our sample,
considering the distribution of women by number of dead children, a significant proportion
(15.5%)

of sampled women reported two or more dead children at age 0-1 and they

contribute to more than 60% of 263 observed deaths.
In both models the response variable is equal to one if the child died at age 0-1 and zero
otherwise. The risk of dying was compared among children (N=2000) of centenarian women
and of two other groups of women, namely those belonging to the same cohort as
centenarians who died between 60 and 79 years of age, and those belonging to younger
cohorts and aged between 80 and 95 years, i.e. contemporaneous to centenarians (Mothers
=398).
The results were controlled for birth order and parents’ age at the birth of each child, and
number of children/siblings; and province and altitude of the mother’s place of birth. The
latter are characteristics that the literature suggests may influence both longevity and infant
mortality (Caselli and Lipsi, 2006; Breschi at al., 2008; Astolfi et al., 2009; Tentoni et al.,
2012).

3. Results
3.1 Longevity and Fertility
Table 1 reports the results of the relationship between longevity and fertility, considering
the two dimensions of fertility: number of children, and timing of reproduction. First of all,
we found no significant effect of the first dimension (number of children) on the probability
of survival after age 80. Nor does age at first child have any significance. Nevertheless,
having the last child at an advanced age shows a protective effect on the mother’s survival
(mothers who had their last child at age 45 and over show a probability of becoming longlived women more than 3 times higher than mothers who had their last child at 32-44 years).
Our results seem to be in line with the hypothesis of a positive association between the
presence of young children at old ages of the mother (i.e. late timing of the last birth) and
increased longevity. The results are also consistent after controlling by maternal and paternal
longevity of sampled individuals. However, it’s interesting to note the protective effect of
maternal longevity; in particular women having a mother who died at oldest ages are
advantaged in terms of life span.
Table 1
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3.2 Longevity and Infant Mortality
As regard to the relationships between longevity and infant mortality, the most important
result concerns the lower risk of dying at age 0-1 among children of centenarian women
compared to children of a mother of the same cohort of centenarians who died between 60-79
years (Table 2).
According to the most relevant literature (Nault et al., 1990; Dollberg et al., 1996; Joseph
et al., 2005), the risk of dying in the first year of life increases with the number of children per
women, even if the first-order child tends to experience a higher risk than the next orders. By
contrast, maternal age at birth has no significant effect, as Astolfi et al. (2009) have pointed
out in analyzing more recent Sardinian data. Moreover, as we said, this last study identifies
some hill and mountain areas of the island with a higher proportion of centenarians and where
a higher proportion of mothers show an aptitude to late childbearing at lower cost in terms of
progeny infant survival (lower risk of dying). In accordance with these results, our analysis
finds a greater risk of dying at age 0-1 among children of mothers born and living in plain
areas where malaria was still endemic (Brown, 1981, 1986). In fact, right up to the 1950s
(malaria was eradicated in Sardinia in the years following the Second World War), in highly
endemic areas the intense transmission of malaria caused frequent infant mortality although
the genetic mutation associated with malaria seems to play a positive role on longevity for
more selected people (Zei et al., 199; Kosoy et al., 2011).

Table 2
Looking at the results of the Logistic Random Intercept model, the hypothesis that
mothers who experience the death of more than 1 child may affect the infant mortality of our
sample seems to be confirmed (Table 3): accounting for 11% of the total variance (see the
Intra-class correlation ρ), the group level effect proves to be significant – though low – in
explaining the risk of dying between 0-1 year.
Nevertheless, even after controlling for the “cluster” effect, the children of centenarian
women continue to have a lower risk of dying at ages 0-1 than children of mothers of the
same cohort as the centenarians, but who died between 60-79 years. The direction and
magnitude of all other determinants are also confirmed.
Table 3
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4. Conclusion and Discussion
The research questions about the relationship between longevity and fertility were: has
fertility a protective effect on maternal survival at advanced ages? Have long-lived women
been doubly favored, due to their lower fertility being distributed over a greater proportion of
their fertility period?
As we said, our Sardinian analysis found no relationship between longevity and number
of offspring, or for age at first birth. These results are not in accordance with some previous
studies (Kirkwood and Rose 1991; Westendropand and Kirkwood 1998; Lycett et al. 2000).
Nevertheless, having had the last child at advanced ages shows a protective effect on the
mother’s survival. Our results are consistent with other previous studies (Voland and Engel
1986, Perls et al. 1997, Doblhammer 2000; Yi and Vaupel 2004) which have supply an
extensively discussion on the possible explanation. Some studies emphasize the role of biogenetic factors while other stress socio-economic and cultural determinants. Doblhammer
(2000) suggest that certain longevity genes may extend both the childbearing period and the
longevity of individual women, and Yi and Vaupel (2004, 19) noted that giving birth at
advanced ages could be related to a positive effect of a late menopause. However, for
Doblhammer (2000, 175) “an extended period of childbearing and child rising could be
associated with healthy behavior. Thus, late mothers may indeed experience menopause at a
later age than that of young mothers but this could be due to healthy behavior rather than to a
lower rate of ageing”. Doblhammer’s study contains a long discussion of the impact of socioeconomic factors.
On the same topic, Müller et al (2002) proposed another interesting explanation: “it is
plausible that extended longevity confers a selective evolutionary advantage to women who
have had children later in life”. In particular, they suggested that the “presence of a young
child at oldest ages has a life-prolonging effect on the mother because of their role of caregivers. [...]. According to the latter, as long as mothers are required as care-givers, postreproductive ageing needs to be held at bay. This role of care-giver tends, in other terms, to
positively select mothers in terms of longevity. In this framework, late childbirth can be
considered as a longevity-assurance factor”. In the Sardinian context, the care-giver
hypothesis can be extended by assuming the last child as care-giver. A late fertility mother
has the possibility, not only of taking care of her last child at advanced ages but also of
receiving care from her last adult young child when she becomes an oldest-old. In this way a
care-giving child can guarantee the mother both a better quality of life and a prolonged life.
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In fact, interviewing the oldest old in the AKeA2 survey, we observed that the majority of
centenarians lived in the last child’s family, usually with their last daughter. In Sardinia, the
elderly generally lived at home (only 1% of the total population of the elderly aged 65 and
over live in institutions - Istat, database 2004).
Other contextual and genetic Sardinian traits, which differ from continental Italy as well
as from other European countries, may explain the founding association between longevity
and fertility. Regarding the socio-economic and demographic context, Sardinia is
characterized by the patriarchal structure of the family and a sheep-rearing economy, by the
historical characteristics of high and late fertility, the persisting tendency to postpone
marriage and childbearing (Livi Bacci 1977; Zei et al. 1990; Astolfi et al. 2002) and, last but
not least, the high rate of exceptional longevity in internal/mountain areas (Poulain 2004;
Caselli and Lipsi 2006; Caselli et al. 2006). Genetic peculiarities of internal areas of Sardinia,
such as the high frequency of ancient genetic markers of mitochondrial and Y chromosomes,
might derive from the action of micro-evolutionary forces on isolated populations (CavalliSforza et al., 1994; Zei et al., 2003; Carru et al,. 2003; Scola et al., 2004; Astolfi et al., 2009).
The consequent genetic makeup is also partially determined by endemic malaria in the past
(Modiano et al., 1986; Caglia et al,. 1997). The AkeA researchers found that the gene pool in
the Sardinians of this particular remote mountainous region is relatively small. For example,
the local people have small red blood cells which is thought to protect them against malaria
and help prevent blood clots (Kosoy et al., 2011). Among these distinctive traits, we can
include low immigration rates (Golini 1967). Historically, Sardinians have ensured the
continuation of their way of life as a means of protecting themselves from the constant
invaders coming in from the sea and wanting a slice of this wild and beautiful island.
Looking at the main features of the Sardinian population, the association between
longevity and late fertility can be explained by a combination of both genetic factors and
socio-economic and cultural determinants (Caselli et al, 2012).
The third research question was: is maternal longevity associated with lower infant
mortality in her offspring?
Controlling by fertility characteristics and other contextual variables our analysis
confirms the results of previous descriptive studies (Lipsi et al, 2012), showing, as we said,
significantly lower infant mortality among the children of the Sardinians who survived to
become centenarians. In particular, the children born to those women belonging to the same
cohorts as the centenarians, but who died before 80 years old, experienced a higher risk of
infant mortality than our centenarian women. The fact that significant differences in infant
9

mortality are found only for these ancient cohorts is very important for two reasons. First of
all, because, by comparing the same cohorts, we can conjecture that the differences observed
do not depend on a different infant deaths data quality and in particular on a different attitude
to registering a birth following an immediate decease. The criterion of “legal vitality” had
been in force in Italy from the end of the XIX century down to 1970. Newborn babies were
regarded as living if they gave signs of viability up to the moment of being registered (to be
done within 5 days of birth). Those who died before being registered were to be regarded as
still born babies from a legal point of view and, consequently, were often not even registered.
While the oldest cohorts (the centenarians) may well have been less sensitive to the question
of registering the birth and death of their children than the younger cohorts (living controls),
leading to a possible underestimate of the infant mortality of their children, it is unlikely that
these underestimates discriminated between individuals who became centenarians and those
of the same cohort who died before reaching 80 years.
Secondly, our result is important because it raises many questions about the potential
determinants affecting the lower mortality of the children born to our centenarian women .
Is it possible that the genes favoring an individual’s longevity may transmit also
robustness to their progeny? And again, can territorial characteristics that favor the longevity
of individuals also have a positive impact on the infant survival of their children?
In order to evaluate possible protective genetic factors available at territorial level,
Astolfi et al. (2009) estimated in Sardinia, for the period 1850-1969, the consanguinity level
by the percentage of consanguineous marriages and the average inbreeding coefficients
(Moroni et al., 1972 ; Cavalli-Sforza et al., 2004). Both estimates presented higher values in
internal/mountain areas, where the presence of centenarians was higher (Poulain et al. 2004).
They suggested an association between the propensity to marry within the same familial
group and the aptitude to late and successful maternity. Moreover, the other contextual and
genetic Sardinian traits, previously discussed, may explain the underlying association.
The present study finds that a higher age for the mother’s at final birth is not a
discriminating factor for infant mortality (Table 2 and 3) and, in addition, that infant
mortality in Sardinia is higher in plain areas (Table 2) than in the mountain areas where our
centenarians mainly come from.
For a more accurate interpretation of the observed differences in infant mortality, it
would be important to measure the evolution of the risk of death in specific stages during the
first year of life, distinguishing in particular the early neonatal mortality rates which are more
influenced by genetic factors as well as by maternal health. This future analysis would give
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more support to the hypothesis of the existence of biological and genetic factors that could
favor both women’s longevity and the lowest infant mortality rates of their children.
Other explanations could be proposed. Might the socio-economic and cultural factors that
are behind the longevity of centenarians be partly the same as those protecting their offspring?
Most certainly. Theoretically, a woman who protects her own health and survival by her
behavior will also protect the health of her offspring, both directly (as she is in a better state
of health at the time of childbearing) and indirectly (as she is more careful of her children’s
health). Practically, Sardinian centenarian women and their controls are an exceptionally
homogenous group in terms of occupational and educational status: they were housewives
whose education was either non-existent or went no further than primary school. The sociooccupational status of their husbands is unknown, but the men in ancient cohorts were usually
either peasants or shepherds, following an age-old tradition handed down from parent to
child. In view of the role the socio-occupational and educational factors plays in infant
mortality studies, these are not discriminatory factors in our study of Sardinian centenarians.
Probably, the women feeding habits and the familial conditions are represented by other
factors not identified in our survey, e.g. just as being or not being the owner of a flock could
be a discriminant condition between rich and poor individuals.
In conclusion, as longevity, reproductive behavior and

infant mortality, broadly

speaking, are the outcome of various factors of a genetic or external nature, we suggest, like
Astolfi et al. (2009), that Sardinia might be a candidate for in-depth studies on the association
of longevity with reproductive longevity, including the positive infant survival of the
offspring of longevous women.
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Table 1 – Longevity and Fertility:
Results of the Logistic Regression Model

Characteristics

N (=258 women)
Not Died
Died
OR
(n=133) (n=125)

N° child
1-4
5-8
9+
Age at first child
<=20
21-32
>=33
Missing
Age at last child
<=31
32-44
>=45
Missing
Mother age at death
<=69 years old
70-79 years old
>=80 years old
Missing
Father age at death
<=69 years old
70-79 years old
>=80 years old
Missing
Birth Order
1st
2nd – 3th
4th-7th
8th+

IC95%

43
70
20

56
46
23

1.00
1.49
0.63

14
83
14
22

13
91
21
0

1.34
1.00
0.66
-

0.53; 3.40

14
80
17
22

20
97
8
0

0.76
1.00
3.76 **
-

0.27; 2.14

38
27
51
17

52
34
36
3

0.47 **
1.00
0.61
3.18

0.24; 0.90

55
24
42
12

49
38
30
8

0.96
1.00
0.56
0.51

0.49; 1.89

32
45
47
9

29
40
47
9

1.00
0.99
0.80
1.08

*** p-value<0.001; ** p-value<0.05; *p-value<0.1
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0.65; 3.38
0.22; 1.83

0.23; 1.86

1.39; 10.13

0.29; 1.28
0.74; 13.74

0.26; 1.21
0.13; 2.00

0.47; 2.08
0.39; 1.67
0.33; 3.51

Table 2 – Longevity and Infant Mortality:
Results of the Logistic Regression Model

Characteristcs

N (=2000 children)
Not Died
Died
(N=1737) (N=263) OR

Birth order
1st
309
65
1.00
2nd-3th
570
67
0.53 ***
4th to 7th
663
97
0.57 **
8th +
155
32
0.58
Mother age at birth
until 29 years old
713
120
0.98
30-39
817
112
1.00
40+
207
31
1.16
Father age at birth
until 29 years old
229
39
0.92
30-39
796
124
1.00
40+
712
100
0.83
Cohorts
Centenarians
270
33
1.00
Same Cohorts
523
112
1.58 **
Younger Cohorts
944
118
0.93
N° child
until 4 child
389
40
1.00
4-8 child
884
118
1.48 *
9+ child
464
105
2.43 ***
Altidute of place of birth
HillCoast
345
51
1.00
HillInside
631
99
1.17
MountainInside
385
57
0.87
Plane
376
56
1.58 *
Province of birth
Nuoro
658
76
1.00
Sassari
688
132
0.52 ***
Cagliari
120
23
0.92 **
Oristano
271
32
0.44
*** p-value<0.001; ** p-value<0.05; *p-value<0.1
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IC95%

0.36; 0.78
0.35; 0.92
0.28; 1.17
0.67; 1.43
0.72; 1.87
0.60; 1.42
0.59; 1.18

1.03; 2.43
0.61; 1.42

0.97; 2.28
1.50; 3.96

0.79; 1.72
0.57; 1.34
0.96; 2.60

0.36; 0.75
0.54; 1.57
0.26; 0.75

Table 3 – Longevity and Infant Mortality:
Results of the Logistic Random Intercept Model
N (=2000 children)
Characteristcs

Not Died
Died
(N=1737) (N=263) OR

Birth order
1st
309
2nd-3th
570
4th to 7th
663
8th +
155
Mother age at birth
until 29 years old
713
30-39
817
40+
207
Father age at birth
until 29 years old
229
30-39
796
40+
712
Cohorts
Centenarians
270
Same Cohorts
523
Younger Cohorts
944
N° child
until 4 child
389
4-8 child
884
9+ child
464
Altidute of place of birth
HillCoast
345
HillInside
631
MountainInside
385
Plane
376
Province of birth
Nuoro
658
Sassari
688
Cagliari
120
Oristano
271
Value
Null Model
σµ 2nd-level
0.42
ρ
0.11
Full Model
σµ 2nd-level
0.19
ρ
0.05

65
67
97
32

IC95%

1.00
0.52 *** 0.35; 0.77
0.56 ** 0.34; 0.92
0.55
0.26; 1.15

120
112
31

0.98
1.00
1.21

0.66; 1.45

39
124
100

0.94
1.00
0.82

0.60; 1.46

33
112
118

1.00
1.60 **
0.95

40
118
105

1.00
1.51 *
0.97; 2.37
2.49 *** 1.49; 4.16

51
99
57
56
76
132
23
32
Std. Err.
0.15

1.00
1.15
0.87
1.53

0.74; 1.97

0.57; 1.18

1.00; 2.55
0.60; 1.50

0.76; 1.75
0.54; 1.38
0.88; 2.63

1.00
0.52 *** 0.35; 0.77
0.94
0.53; 1.67
0.45 *** 0.25; 0.79

0.13

*** p-value<0.001; ** p-value<0.05; *p-value<0.1

ρ = σµ /(σε + σµ) where σε = π2 / 3
Notes: LR test for variance component =0: χ21 =14.42 (p-value<0.001)
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