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Exploring Sardinian longevity: women fertility and
parental transmission of longevity

Graziella Caselli, Rosa Maria Lipsi, Enrica Lapucci and James W. Vaupel∗

Abstract

The aims of this study are to analyse the two-way association between women fertility
and longevity, and parental transmission of longevity. The wealth of information
gathered in the AKeA2—demographic survey on Sardinian centenarians—have been
used by applying Logistic Regression Models. For the association between longevity
and fertility, we find evidence that *long livers benefit from factors related to the
timing of fertility (in particular the age at birth of the last child) that the literature
suggests may foster longevity. Regarding the association with parental transmission,
it seems to have significant effects for women but not for men. We always found that
a higher birth order decreases the probability of becoming a centenarian. There is a
negative effect of a higher father age at birth on the longevity of female offspring.
The latter suggests that long-lived women seem to have been favoured both by their
own late fertility and young paternal age at the moment of their own procreation.

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; Grundy and Tomassini 2005; Larke and Crews 2006; McArdle
et al. 2006). The main results showed that women who live longer seem, on average,
to have had fewer children, and at an apparently older age, particularly for their last
children.

Kirkwood and Rose (1991, 21) referring to the biological “disposable soma theory”
assume a trade-off of resources between maintenance (survival) and production. As
Westendorp and Kirkwood (1998) demonstrated, when post-menopausal women
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(aged 60 years and over) were included in the analysis, female longevity was
negatively correlated with number of progeny and positively correlated with age
at first childbirth. The authors emphasise the importance of analysing the effect of
fertility behaviour 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 maximising 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 favour high fertility, early age at first reproduction
and late age at last births. 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 1999).

Also cultural, socioeconomic and biological factors influence the evolution of
human life-history traits and can affect individual fitness in terms of fertility as well
as the health and survival prospects of progeny and, consequently, progeny longevity.
Thus, we may hypothesise that a relationship between offspring longevity and their
parental fertility characteristics exists. In fact, several studies have analysed the
inheritance of longevity in relation to parental age at birth (Gavrilov et al. 1995;
Gavrilova and Gavrilov 1997a; Westendorp and Kirkwood 2001; Smith et al. 2002;
Robine et al. 2003) with different conclusions and with varying levels of significance
based on offspring gender (Jung et al. 2003). Analysing French centenarian data,
Robine et al. (2003) found no association between parental age at birth and the
probability of surviving to age 100. Results from the French-Canadian population
(Desjardins and Charbonneau 1990) suggested that this inheritable component may
be close to zero, and Westendorp and Kirkwood (2001), analysing historical data for
the British aristocracy, also failed to find any maternal age effects on longevity. Smith,
Mineau and Sahm (2007, 11), referring to the Gavrilov and Gavrilova study (1997b)
underline that “heritability estimates were much higher in daughters than in sons at all
parental ages”. In fact, using data from European aristocracy genealogies, Gavrilov
and Gavrilova showed a negative effect of a higher paternal age on the longevity of
daughters (Gavrilov and Gavrilova 1997a). Daughters of late-fertile women have
no survival benefit. However, Smith et al. (2002) demonstrated significant existing
effects for a maternal benefit among female offspring.

As regards longevity and familial transmission, a familial contribution to human
longevity is recognised, but the nature and importance of this contribution are largely
unknown. While several studies used a genetic explanation (Pearl 1931; Abbott et al.
1974, 1978; Philippe 1978; Crawford and Rogers 1982; Bocquet-Apple and Jakoby
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1990; Herskind et al. 1996; Iachine et al. 1998; Perls et al. 2000; Perls and Terry 2003;
Sorkin et al. 2005; Christensen et al. 2006), others refer to familial characteristics
(Desjardins and Charbonneau 1990; Cournil et al. 2000; Gravilova and Gravilov
2002; Caselli et al. 2006).

A longstanding puzzle in gerontology and genetics is the gender dependence of
human longevity and its inheritance, in particular from mother to daughters (Caruso
et al. 2000, 2001; Carru et al 2003; Santoro et al. 2006; Raule et al. 2007; Rose et al.
2007; Capri et al. 2008; Rose et al. 2010; Invidia et al. 2010).

The historical and geographical isolation of the Italian island of Sardinia offers
an interesting case study to analyse the association of longevity with both fertility
and parental transmission. Sardinia today has 1,637,846 inhabitants (2012-01-01)
including 359 centenarians (79 men and 280 women), with a ratio of 2.2 centenarians
per 10,000 inhabitants (Istat database: http://demoistat.it). “Sardinian centenarians
are an exceptionally homogeneous group in terms of socio-occupational status,
with the men usually having been either peasants or shepherds, and the women
having been housewives, following an age-old tradition handed down from parent
to child” (Caselli et al. 2006, 728). It was characterised by the patriarchal structure
of the family, by the historical characteristics of high and late fertility and the
persisting tendency to postpone marriage and childbearing (Livi Bacci 1977; Zei
et al. 1990; Astolfi et al. 2002, 2009) and, last but not least, by an internal area,
dubbed ‘Blue Zone’ (Poulain et al. 2004), with a higher frequency of centenarians
(Deiana et al. 1999). The social and cultural background, associated with low mobility
in the past (Golini 1967), endogamy and consanguinity (Zei et al. 1986), have
produced biological and genetic differentiation across Sardinian areas. The 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 (Cavalli-Sforza et al. 1994; Zei
et al. 2003; Carru et al. 2003; Pes 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 aims of this paper are to analyse the two-way association between fertility and
longevity as well as parental transmission of longevity. In particular, for the first aim
our research questions are: is there a protective effect of fertility on maternal survival
at advanced ages? Have long-lived women been favoured both by a lower fertility
and later childbearing?1 We have two research questions for the second aim as well:
are parental fertility characteristics related to the longevity of their offspring? And,
at the same time, do maternal and paternal longevity favour the longer survival of
their offspring?

1 The analyses concerning the first two research questions were presented to the PAA 2013 conference.
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The wealth of information gathered in the AKeA22 demographic survey (Caselli
et al. 2006) focuses particularly on data collection concerning family genealogies of
the Sardinian centenarians and control groups. The characteristics of this survey are
wholly original, as were the procedures followed in gathering the information, which
entailed for each individual both a control of all the surviving individual certificates
in the municipal offices and a qface to face interview questionnaire.

2 Data and methods

In the AKeA2 survey, 204 centenarians born between 1890 and 1904 (98 men
and 106 women), were selected in 126 municipalities out of the 377 Sardinian
municipalities throughout the island. Starting from the information collected by each
local municipality on the number of centenarians living in their area, the centenarians
and their families were contacted in order to have their consent to be part of our
sample. Once the centenarian’s consent was obtained, local municipal authorities
were contacted again for a list of individuals in order to choose our living controls. In
fact, from this list, three matched individuals for each centenarian born in 1905–1910,
1911–1916 and 1918–1925 and thus aged 80–99 years at the beginning of our study
in 2004, were selected. A demographic survey was performed that also involved an
additional two individuals for each centenarian from the same cohort who had 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 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. 2014). Controls bearing
the same family name were excluded to avoid excessive consanguinity.

To validate an individual’s age, the following documents from civil and population
registers (Anagrafe) were examined: birth certificate, marriage certificate(s), the birth
certificates of the 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

2 AKeA2 is the acronym of the survey on Sardinian Centenarians, directed by James Vaupel, Max
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the smaller municipalities 48 appropriate persons could not be identified). For each
individual we reconstructed his/her life history as well as the biographies of his/her
parents (Caselli et al. 2006).

Full information (100%) is available for all individuals—centenarians, controls
and their parents—regarding year and place of birth, date and place of death (if dead),
sex of children and date of death for all dead children. For all other demographic
characteristics used in the analysis, completeness ranks from 90% to 95% (Lipsi
et al. 2013). Among the 20 demographic information items available for the purpose
of this study, we considered, for centenarians and controls by gender, the following
variables: date of birth; date of death (if applicable); number and dates of birth of
their children; number of siblings and their birth order; maternal and paternal dates
of birth and death (the variables are listed in the Tables 1–4).

For each individual in our sample we also collected information on his/her
educational level and occupation during active life. Unfortunately, it was not possible
to include these variables in our analysis due to a great number of missing data
and very low variability: as regards education, there is no information for 75.7%
of subjects and more than 20% were illiterate or had “just few years of school”.
As regards occupation, 87.7% of women are housewives and 81.0% of men are
shepherds or farm-workers.

We implemented a logistic regression model in order to investigate both the fertility
and longevity association and the parental transmission of longevity (Harell 2001).

Regarding the first aim (i.e. fertility and longevity association), 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 60–69 and 70–
79 years. We decided not to include childless women in the analysis since we are
interested not only in the association between longevity and number of offspring
but also in the association between longevity and timing of reproduction (e.g. age
at first child and age at last child). Thus, this choice further reduced the sample’s
size and, consequently, in analysing the association between fertility and longevity,
we preferred to define long-lived as women who survive after age 80. However, as
we know that the probability of becoming long-lived women could be influenced
by the age at death of both mother and father and, by the birth order of the sampled
individuals, our results have been controlled for these variables.

With respect to the familial transmission of longevity, for the reference population
we compared those who became centenarians (N = 180; excluding 24 centenarians
without complete information on their parents) with those who died before age 100
(N = 540).

In order to analyse the association between longevity and parental characteristics,
we considered two dimensions: Parental longevity (age at death of both mother and
father) and Parental fertility (parental age at birth, the centenarians and controls’ birth
order). According to the main literature, the impact on the inheritance of longevity
may change according to the offspring’s gender. We have therefore presented results
for men and women together and separately.
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3 Results

3.1 Longevity and fertility: logistic model results

Table 1 reports the results of the association 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 a long-lived women more
than three 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 is 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.

3.2 Parental transmission of longevity: logistic models results

The aim of this analysis is to investigate the differences in parental characteristics
of centenarians and controls. Table 2 shows results for men and women together.
Model 1 presents the association between longevity and parental age at death. Having
a father who died at younger ages decreases the probability of becoming a centenarian.
However, we have a significant effect only for a father who died between 70–79
years, while the mother’s age at death does not seem to be significantly related to
longevity, although the OR (less than 1) suggests the same association found for
fathers.

In Model 2 we include the dimension of parental fertility, birth order of
centenarians and controls, and the number of their siblings. In this model, previous
results are confirmed but, with respect to the new dimensions included, only the birth
order has a significant effect: being fourth or even higher in the birth order decreases
the probability of survival after age 100.

As regards the role of gender, no significant differences were found. However, if
we consider men (Table 3) and women (Table 4) separately, interesting conclusions
may be drawn. For men, the results of the two models (Table 3) mirror the previous
results presented in Table 2, with the exception of father’s age at death, which is
never significant. Thus, for men it seems there is no association between their own
longevity and that of their parents.

For women (Table 4), longevity transmission is found along both the maternal and
paternal line. In fact, having both parents dying at ‘younger’ ages is associated with
a lower probability of becoming a centenarian. Regarding the parental age at birth
(Model 2), our results found a high paternal age at birth (40 years and over) has a
negative effect on offspring longevity.
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Table 1:
Longevity and fertility characteristic: results of logistic regression model.
Women (N = 258)

Died Survive
60–79 years after age 80

Characteristics (n = 125) (n = 133) OR 95%IC

No. child
1–4 56 43 1.00 – –

5–8 46 70 1.49 0.66 3.39

9+ 23 20 0.63 0.22 1.84

Age at first child
<= 20 13 14 1.34 0.53 3.39

21–32 91 83 1.00 – –

>= 33 21 14 0.66 0.23 1.86

Missing 0 22 –

Age at last child
<= 31 20 14 0.76 0.27 2.14

32–44 97 80 1.00 – –

>= 45 8 17 3.74 ∗∗ 1.39 10.18

Missing 0 22 –

Mother’s age at death
<= 69 yrs 52 38 0.47 ∗∗ 0.24 0.90

70–79 yrs 34 27 1.00 – –

>= 80 yrs 36 51 0.61 0.29 1.27

Missing 3 17 3.19 0.73 13.74

Father’s age at death
<= 69 yrs 49 55 0.96 0.49 1.88

70–79 yrs 38 24 1.00 – –

>= 80 yrs 30 42 0.56 0.26 1.21

Missing 8 12 0.51 0.13 1.99

Birth Order
1 29 32 1.00 – –

2–3 40 45 0.99 0.47 2.08

4–5 26 29 0.80 0.39 1.68

6+ 30 27 1.07 0.33 3.53

∗∗∗p-value < 0.001; ∗∗p-value < 0.05; ∗p-value < 0.1.

Source: Our elaboration on AKeA2 survey data.
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Table 2:
Parental transmission of longevity: results of logistic regression model.
Men and women (N = 720)

Survive after
age 100 Model 1 Model 2

Not Yes
Characteristics: (n = 540) (n = 180) OR 95%IC OR 95%IC

Sex
Male 266 85 1.00 – – 1.00 – –

Female 274 95 1.08 0.77 1.52 1.07 0.75 1.51

Mother’s age at death
<= 69 193 51 0.74 0.49 1.13 0.77 0.50 1.17

70–79 121 40 0.95 0.60 1.51 0.94 0.59 1.48

80+ 193 70 1.00 – – 1.00 – –

N.A. 33 19 1.60 0.81 3.17 1.52 0.67 3.43

Father’s age at death
<= 69 207 70 0.89 0.59 1.34 0.92 0.61 1.39

70–79 135 31 0.58 ∗∗ 0.36 0.96 0.59 ∗∗ 0.36 0.98

80+ 164 63 1.00 – – 1.00 – –

N.A. 34 16 0.98 0.48 2.02 0.97 0.41 2.26

Mother’s age at birth
< 35 yrs 387 134 1.00 – –

>= 35 yrs 143 39 1.17 0.69 1.96

N.A. 10 7 1.35 0.37 4.88

Father’s age at birth
< 40 yrs 327 125 1.00 – –

>= 40 yrs 204 50 0.69 0.44 1.07

N.A. 9 5 0.93 0.22 3.81

Birth order
1 123 51 1.00 – –

2–3 172 67 0.04 0.61 1.49

4–5 138 32 0.59 ∗∗ 0.31 0.98

6+ 107 30 0.36 0.33 1.43

No. of siblings
<= 4 136 45 1.00 – –

5–6 146 45 0.07 0.64 1.77

7–8 149 58 0.38 0.87 2.48

9+ 109 32 0.14 0.61 2.17

∗∗∗p-value < 0.001; ∗∗p-value < 0.05; ∗p-value < 0.1.

Source: Our elaboration on AKeA2 survey data.
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Table 3:
Parental transmission of longevity: results of logistic regression model.
Men (N = 351)

Survive after age 100 Model 1 Model 2

Not Yes
Characteristics: (n = 266) (n = 85) OR 95%IC OR 95%IC

Mother’s age at death
<= 69 97 31 1.02 0.57 1.81 1.06 0.58 1.91

70–79 49 18 1.19 0.60 2.34 1.17 0.58 2.37

80+ 102 32 1.00 – – 1.00 – –

N.A. 18 4 0.50 0.14 1.77 0.60 0.13 2.70

Father’s age at death
<= 69 101 32 0.95 0.53 1.70 0.99 0.54 1.80

70–79 62 15 0.72 0.36 1.46 0.77 0.37 1.60

80+ 90 30 1.00 – – 1.00 – –

N.A. 13 8 2.33 0.81 6.73 2.11 0.63 7.09

Mother’s age at birth
< 35 yrs 196 71 1.00 – –

>= 35 yrs 64 13 0.76 0.34 1.70

N.A. 6 1 0.52 0.04 7.34

Father’s age at birth
< 40 yrs 168 57 1.00 – –

>= 40 yrs 96 26 1.18 0.62 2.23

N.A. 2 2 1.79 0.17 18.80

Birth order
1 61 26 1.00 – –

2–3 90 34 0.89 0.47 1.66

4–5 72 15 0.46 ∗ 0.20 1.06

6+ 43 10 0.51 0.17 1.54

No. of siblings
<= 4 71 24 1.00 – –

5–6 78 22 1.06 0.52 2.16

7–8 64 27 1.66 0.79 3.48

9+ 53 12 1.00 0.39 2.56

∗∗∗p-value < 0.001; ∗∗p-value < 0.05; ∗p-value < 0.1.
Source: Our elaboration on AKeA2 survey data.
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Table 4:
Parental transmission of longevity: results of logistic regression model.
Women (N = 369)

Survive after
age 100 Model 1 Model 2

Not Yes
Characteristics: (n = 274) (n = 95) OR 95%IC OR 95%IC

Mother’s age at death
<= 69 96 20 0.50 ∗∗ 0.27 0.94 0.51 ∗∗ 0.27 0.96

70–79 72 22 0.80 0.43 1.51 0.79 0.42 1.51

80+ 91 38 1.00 – – 1.00 – –

N.A. 15 15 3.39 ∗∗ 1.35 8.49 2.76 ∗ 0.94 8.08

Father’s age at death
<= 69 106 38 0.82 0.46 1.45 0.80 0.44 1.45

70–79 73 16 0.43 ∗∗ 0.21 0.88 0.41 ∗∗ 0.20 0.85

80+ 74 33 1.00 – – 1.00 – –

N.A. 21 8 0.44 0.15 1.28 0.54 0.15 1.94

Mother’s age at birth
< 35 yrs 191 63 1.00 – –

>= 35 yrs 79 26 1.93 0.92 4.04

N.A. 4 6 2.66 0.45 15.70

Father’s age at birth
< 40 yrs 159 68 1.00 – –

>= 40 yrs 108 24 0.46 ∗∗ 0.24 0.89

N.A. 7 3 0.39 0.05 2.97

Birth order
1 62 25 1.00 – –

2–3 82 33 0.93 0.48 1.79

4–5 66 17 0.51 0.22 1.16

6+ 64 20 0.65 0.23 1.79

No. of siblings
<= 4 65 21 1.00 – –

5–6 68 23 1.29 0.60 2.77

7–8 85 31 1.52 0.70 3.29

9+ 56 20 1.38 0.56 3.44

∗∗∗p-value < 0.001; ∗∗p-value < 0.05; ∗p-value < 0.1.
Source: Our elaboration on AKeA2 survey data.
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4 Discussion and conclusion

The research questions about the association between longevity and fertility were:
is there a protective effect of fertility on maternal survival at advanced ages? Have
long-lived women been favoured both by a lower fertility and later childbearing?

Analysing Sardinian survey data we found no association 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; Westendrop and Kirkwood
1998; Lycett et al. 2000). In fact, the mean number of children is very similar among
women of our sample: the values are 5.1 for the younger cohort controls (1918–1923),
5.4 for centenarian women and 5.6 for dead controls. Thus, considering our historical
data, the number of children could not be a predictor variable for longevity.

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).
Some studies emphasise the role of bio-genetic factors while others stress socio-
economic and cultural determinants. Doblhammer (2000) suggests 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”, also taking into
consideration the possibility of a delayed menopause being itself an additional
longevity marker. However, for Doblhammer (2000, 175) “[a]n extended period
of childbearing and childraising could be associated with healthy behaviour. For
example, smoking is one of the well-established determinants of age at menopause:
research shows that cigarette smoking decreases the age at menopause by one to
two years (e.g. McKinlay et al. 1985). Thus, late mothers may indeed experience
menopause at an age higher than that of young mothers but this could be due to
healthy behaviour rather than to a lower rate of ageing.” Doblhammer’s study contains
a long discussion of the impact of socio-economic factors.

On the same topic, Müller et al. (2002, B205) proposed another interesting
explanation: “A plausible explanation is that a high level of fertility increases the
chance that young offspring need to be cared for after menopause, and that the
probability of their survival is likely to be linked to the presence of the mother as
a care-giver. This outlines a possible pathway of how the positive association of
post-menopausal longevity with fertility has evolved, essentially through enhancing
the likelihood for the presence of a care-giver for late children. Thus, it is plausible
that extended longevity confers a selective evolutionary advantage to women who
have had children later in life”. In this framework, late childbirth was 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. In fact, interviewing the oldest old in the AKeA2 survey, we
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observed that the majority of centenarians lived in the last child’s family, usually
with their last daughter. In Sardinia, elderly people generally lived at home—only
1% of the total population of people aged 65 and over live in institutions (Istat 2004).

To sum up, taking into account 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.

The third research question was: are parental fertility characteristics related to the
longevity of their offspring? Here, two interesting results emerge from our analysis,
both of them in accordance with some studies cited in our introduction (Voland and
Engel 1986; Gavrilov et al. 1995; Westerdorp and Kirkwod 1998; Doblhammer 2000;
Smith et al. 2002; Gavrilov and Gavrilova 1997a, 2000; Gavrilova and Gavrilov
2007, 2008). First of all, there is a negative effect of a higher paternal age on the
longevity of daughters; secondly, we found a negative association between birth
order and longevity for both men and women, as being a child at 4 or later in the
birth order decreases the probability of becoming a centenarian, in particular for a
child of intermediate birth order (4–5).

The most predominant theory explaining the effects of higher paternal age in
female offspring is based on gene mutation being possibly X-linked. In particular, it
was established that the mutation rate in human paternal germ cells is much higher
than maternal ones, with the age of the father demonstrated as being the main factor
determining the spontaneous mutation rate of nuclear DNA (Crow 1997). Since
the X chromosome is inherited by daughters rather than sons, it could explain the
gender-specific life span shortening for daughters born to an older father (Gavrilov
and Gavrilova 2000).

Concerning the birth order effect, a Swedish study (Modin 2002) found a U-shaped
dependence of survival chances as a function of birth order with first- and very
late-borns having approximately the same mortality risk, whereas individuals with
intermediate birth orders (3–6) had the highest risk of death at an earlier adult age.
Although we did not detect a similar U-shaped association, our results on parental
transmission of longevity (Table 2) have shown that the intermediate birth orders
have a significantly lower probability of surviving to age 100 while no significant
differences between higher and lower birth orders were found. Modin suggests a
different explanation for this, but he focuses on the idea that the effects of birth order
on human mortality and survival are qualitatively different in different age groups,
which adds to the complexity of this problem (Modin 2002). The main literature, in
fact, finds that first-born children are more likely to become centenarians, but the
mechanism of this birth order effect still remains unclear. Gavrilova and Gavrilov
(2007, 63) suggested that it is the young age of the mother that explains the birth
order effect. “For example, if the best (most vigorous) maternal ova cells are used
first, for the very early pregnancies, this could explain why particularly young
mothers produce particularly longevous children. This hypothesis is supported by
observations that the first ovocytes to have ceased proliferation and entered meiosis
are the first to ovulate in the young woman. [. . . ]” or, an alternative hypothesis,
“It may be reasonable to assume that some particularly young women may be
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initially free of many diseases and latent infections interfering with optimal foetus
development [. . . ]”. Of course, there is nothing in our study that allows us to suggest
a hypothesis confirming or complementing those by other authors. Nevertheless, an
interesting consideration can be made. In fact, reading together the results for the
first two research questions, we can conclude that, with reference to the AKeA2
study, longevous women seem to have been favoured not only by their late fertility,
but also by young paternal age at the moment of their own procreation.

The last research question was: do maternal and paternal longevity favour the
longer survival of their offspring?

Extreme longevity in a centenarian’s family history supports the heritability of
oldest-old longevity (Perls et al. 2000). This would imply increased homogeneity
among the oldest old and could depend on shared genetic factors. Indeed, recent
findings indicate that there is increased homozygosity at loci involved in human
longevity, suggesting two copies of the same allele may favour survival at later ages
(Bonafé et al. 1999; Bonafé et al. 2002), this phenomenon probably being more
frequent in consanguineous individuals, assuming that such alleles are recessive
(Caselli et al. 2006).

Bio-genetic studies on Sardinian centenarians have focused on some genetic
factors, such as HLA polymorphisms (Caruso et al. 2000, 2001; Invidia et al.
2010), HLA haplotypes, as well as maternally inherited mitochondrial DNA variants,
which contribute substantially to explaining parental transmission of longevity for
centenarian women (Carru et al. 2003; Santoro et al. 2006; Raule et al. 2007; Rose
et al. 2007; Capri et al. 2008; Rose et al. 2010). The familial heritability has also
been pointed out in a previous demographic study based on Sardinian centenarian
genealogies (Caselli et al. 2006).

In our study, we found gender-dependent effects in the inheritance of longevity as
reported in the main genetic/gerontological/demographic literature (see also a long
discussion in Cournil et al. 2000). In fact, for Sardinian women the transmission is
found along both the maternal and paternal line while for men there is no relation
between their own longevity and their parents’ longevity.

Of course, parents transmit not only their genes to their children, but also ways of
behaving and habits of life, particularly as regards alimentation, and these have an
effect on their health during their lives, and so on their age at death too. Might this
effect be gender-dependent? It is possible. In Sardinia the women of past generations,
who were not involved in extra-domestic activities, were closely tied to the cultural
and alimentary traditions of their family of origin—traditions that they maintained
even after marriage, transferring them to their conjugal family. The men, by contrast,
assumed new roles and life styles connected with their working activity when they
left their family of origin, and also adopted new alimentary habits from their acquired
family. It is therefore probable that, for the men, much of the ‘memory’ of the
behavioural determinants (alimentary tradition and life style) of longevity in the
family of origin was cancelled in the course of their life, while the (positive and
negative) effects of their new family context prevailed.
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Bonafè, M., F. Marchegiani, M. Cardelli, F. Olivieri, L. Cavallone, S. Giovagnetti,
C. Pieri, M. Marra, R. Antonicelli, L. Troiano, P. Gueresi, G. Passeri, M. Berardelli,
G. Paolisso, M. Barbieri, S. Tesei, R. Lisa, G. De Benedictis, and C. Franceschi.
2002. “Genetic Analysis of Paraoxonase (PON1) Locus Reveals an Increased
Frequency of Arg192 Allele in Centenarians”. European Journal of Human
Genetics 10 (5): 292–296. doi:10.1038/sj.ejhg.5200806.
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