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Abstract 
 
Statistical associations between late reproduction and female longevity lead to 
speculations that a late child actually makes the mother’s lifespan longer. The data 
base here includes all descendants of King George I of England (1660-1727) and his 
wife Sophie Dorothea (1667-1726), born in the royal dynasties in Europe up to 1939 
(n=1672). In the era of British world supremacy, these descendants formed the 
supreme layer of the European aristocracy, occupying all royal thrones from 1850 
onwards. Novel in this study is the mobilisation of pedigree information. In pairs of 
ever married full sisters (brothers), both surviving to 45 (50) years, both having at 
least one child, it is observed whether the sibling with the first – or last - child born 
later in life, also lived a longer life. In this design are controlled: socio-economic 
status; health; genetics; cohort; social support; infant mortality; environmental 
fluctuations. In the 157 pairs of sisters, and 191 pairs of brothers, later reproduction 
did not extend the lifespan.  
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Introduction 

Ultimate explanations for the physiology of human ageing, as everywhere in biology, 

can be found only by studying the evolution of this physiology. Since lifetime 

reproductive success, not longevity is selected, the links between reproductive events 

and mortality risks over the lifetime are the key to any evolutionary explanation of the 

human lifespan (Vaupel et al. 1998; Carey 2003; Carey & Tuljapurkar 2003). 

There are many reports of a positive association between female lifespan and late 

reproduction (Perls et al. 1997, Westendorp & Kirkwood 1998; Doblhammer 2000; 

Lycett et al. 2000; Mueller et al. 2002; Smith et al. 2002). The mechanism behind this 

statistical association, however, is unclear. Traditional evolutionary theory (Kirkwood 

1977; Kirkwood & Rose 1991) predicts a trade-off between investment into children 

and own survival. Empirical support could be found in Lund et al. 1990, Kvale et al. 

1994; Friedlaender 1996; Westendorp & Kirkwood 1998; Doblhammer-Reiter 2000; 

Doblhammer-Reiter & Vaupel 1999; Doblhammer-Reiter & Oeppen 2003; Lycett et al. 

2000. An alternative approach, also supported by empirical findings from animal and 

human populations (Perls et al. 1997; Carey & Judge 2001; Mueller et al 2001; 2002; 

Perls & Fretts 2001; Smith et al. 2002) speculates that selection for increased 

reproductive success simultaneously may drive the selection of longevity: A longer 

reproductive lifespan would allow a better adaptation of the timing of births, increasing 

survival of parents and offspring. Also, a longer post reproductive life span may 

increase total parental investment per child (Hawkes 2003).  
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Furthermore, health, genetics, socio-economic status, social support, parity, cohort, 

among others, in general population samples have to be considered as potentially 

powerful intervening variables:  

1. Health: people living longer tend to be healthy and vigorous longer and, 

therefore, may stop childbearing later. 

2. Socio-economic status: well educated, wealthy people are known to be 

healthier, live longer, and, therefore, may tend to stop – and in modern 

societies also to start - childbearing later. 

3. Genetics: Childless siblings of women reproducing after age 40 live longer than 

average (Smith et al. 1999; Smith et al. 2002); twin studies demonstrate 

longevity to be moderately heritable (Jarvik et. 1960; Herskind et al. 1996; 

Iachine et al. 1998; Kerber et al. 2001; Mitchell et al. 2001); siblings and 

parents of centenarians live longer than average (Perls et al. 1998; 2002); there 

is a growing body of reports on genetic risk factors for premature ovarian failure 

(Santoro 2003, Spencer 2002); all this suggests a genetic association between 

fecund lifespan and longevity (Carey & Judge 2001).  

4. Parity: people starting to reproduce later tend to have fewer children, and, if 

there is a trade-off between parity and lifespan (Westendorp & Kirkwood 1998; 

Doblhammer & Vaupel 2000; Lund et al. 1990), therefore may live longer. 

5. Social support: it may be speculated that despite any trade-off between parity 

and longevity, women (and perhaps men) with many children may receive more 

support in old age, keeping them longer alive. 

6. Child mortality: a child dying young may mean lower overall parental 

investment and therefore lower parental mortality; alternatively, parents having 
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lost a child may sooner go on having another one – with increased parental 

burden. 

7. Environmental fluctuations: people are easily brought to postpone reproduction: 

business cycles, demographic waves on the labour and on the marriage market, 

epidemics, nutrition supply, war and political unrest. Such factors differ in place 

and time, and may considerably confound the associations between 

reproduction and longevity studied here. 

8. Cohort: there may be periods in time when over a generation or so, life 

expectancy increases and – for reasons unrelated with that – mean age at 

parenthood or parity also increases (Mueller et al. 2002). Consequently, if the 

chosen time horizon for comparisons is too narrow, for some cohorts a 

statistical association between longevity and late fertility may be observed 

which does not exist in others. 

 

All these intervening effects would more or less work in females and males alike.  

If indeed late reproduction makes the female body to live longer, possible physiological 

mechanisms might be: high estradiol levels may decrease the cardiovascular risk 

(Falsetti et al 1999), with the pregnancies protecting against the risk of breast, corpus 

uteri, ovarian and various skin cancers (Kvale et al. 1994).  

Similar causal effects in the male body could be: testosterone and cortisol level sharply 

decline and estradiol levels increase in dads of small children (Berg & Wynne-Edwards 

2001). Testosterone is known to shorten the male life span (Nieschlag et al. 1993). 

Caring for infants and small children is a marker for an extended male life span among 

various anthropoid primate species (Allman et al. 1998). Thus, births late in life may 
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enhance the life span also in males, if they cohabit with these children and their 

mothers. 

Since male investment per birth is lower and a woman’s physiology changes more 

during pregnancy and lactation, any causal impact of late reproduction on longevity – 

a late baby causing the parent’s body to live longer - might be weaker in males. If 

there is no such direct causal impact, any statistical association may be as strong in 

males as in females. 

The question studied here is not only relevant for the biology of ageing. It also is of 

practical relevance for health promotion and preventive medicine. Furthermore, if a 

late baby makes the life of parents longer, mortality population projections would have 

to take ubiquitous trends toward later childbearing into account.  

Data 

I do have a data set very well suited to control all these possible confounders with 

their intricate intercorrelations. These are the 1672 births occurring in the Royal 

Houses of Europe to George I, King of Great Britain, France and Ireland, Elector of 

Hannover (1660-1727) and his wife Sophie Dorothea of Celle (1666-1726) and their 

direct descendants, between 1. January 1683 and 31. December 1939. The proportion 

of direct descendants of this couple within members of the royal dynasties of Europe 

increased throughout the observation span: among the births 1790-1799 it was 71%, 

among the births 1840-1849 83%, 1890-1899 97%, and then, from the turn of the 

19th to the 20th century onwards, all crowned heads in Europe have been direct 

descendants of this couple. In the era of Britain world dominance, a British Royal 

Princess was the ultimate prize in dynastic marriage politics, like a Byzantine born-to-
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the-purple princess a millennium earlier. Since there were also catholic lineages among 

the descendants of George and Sophie Dorothea, and since marriage candidates 

always could convert, the catholic dynasties of Europe were in the market, too.  

The basic source was McNaughton monumental three volume “Book of Kings” (1973); 

the information contained there on the direct, legitimate descendants of George and 

Sophie Dorothea born until 31st December 1939, was checked and updated by the rich 

genealogical sources freely available in printed form and in the internet. Vital events 

until 31st December 2002 (closure of the data base) were taken into account. 

Intermarrying was proverbial in this very special population. An example: „King 

George V (1865 - 1936) of England was first cousin to the German Emperor, 

Wilhelm II; first cousin to the Tsar, Nicholas II and the Tsarina, Alexandra (Nicholas 

through his mother’s sister, Alexandra through his father’s sister); first cousin to 

Christian X of Denmark; to Haakon VII of Norway (who was married to George V’s 

sister, Princess Maud, and was therefore his brother-in-law as well); to King 

Constantine I and Queen Sophia of Greece (the former through his maternal uncle, the 

latter through his paternal aunt); to Queen Marie of Romania; to Queen Victoria of 

Spain; and to the f rst wife of King Gustav VI Ado f of Sweden. George V was also 

closely related to all reigning Princes, Dukes, Grand Dukes in the German Empire 

in 1914, and he was distantly related to the Emperor Karl I of Aus ria, himself a direct

descendant of George I“. (McNaughton 1973: IX).  

i l

t  

 

Almost 50% of female and of male cases had married another member of the study 

population; but also of almost all the other cases, who did not intermarry (but in most 

cases had married an aristocrat), we have the vital data of spouses, too.  
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For females, the maximum age at first child was 43.25 years, maximum age at last 

child 47.33. Only 4 women gave birth after age 45. For males, the maximum age at 

first child was 59.91 years, maximum age at last child 65.51. In fewer than 8% of 

brother pairs there was a birth after age 50.  

 

If not stated otherwise, only cases of ever married female survivors to age 45 and 

male survivors to age 50, with at least one recorded child will be considered for further 

analysis. By the age minimum, cases with close relation between reproductive 

ability/events and morbidity/mortality - leading to trivial effects – will be excluded. 

Mean lifespan in the selected subsample remained practically stable at 69 years for 

such males over the observation period, and increased from 69 to 74 for such females. 

The 60th, 70th, 80th, 90th percentile was reached at 72.5, 76.9, 81.7 and 86.9 years of 

age for such males, and at 77.5, 81.1, 84.8 and 88.2 for such females. 

Research Question 

The question studied here is whether a late birth actually makes the life of the mother 

or father longer. Most of the studies reporting such an effect explicitly or implicitly 

focus on the last birth.  

• Here, I consider such an effect for late first and late last births separately.  

• I also check whether a long reproductive life span, roughly measured by time 

span between first and last birth, makes the life of parents of two and more 

children longer. 

Methods 
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Novel for studies like this one, for all cases pedigree information was mobilised for the 

analyses. For example, the present King of Spain, Juan Carlos de Borbon y de Borbon, 

born 1938, his brother Alfonso de Borbon y de Borbon, (1941-1956), and his two 

sisters Dona Maria del Pilar de Borbon y de Borbon, born 1936, and Dona Margarita de 

Borbon y de Borbon, born 1939, great great grandchildren of Queen Victoria of 

England, are all listed with their parents, Maria de las Mercedes, Princess of Borbon-

Siciles (1910-2000) and Juan de Borbon y Battenberg, Count of Barcelona (1913-

1993). Both parents were direct descendants of George and Sophie Dorothea. By the 

IDs of their parents, these four cases can be grouped and compared with each other. 

Similarily, their father Juan can be grouped with his 5 full siblings by the IDs of his 

father, King Alfonso XIII of Spain, and his mother Victoria Eugenie of Battenberg, one 

of the 40 grandchildren of Queen Victoria of England. 

 

The novel approach of this study here is to check in pairs of full sisters, or in pairs of 

full brothers, if the sibling with a first birth or a last birth later in life or with a longer 

reproductive life span, also lead a longer life than the other sibling.  

 

Among the cases in the subsample, I identified 191 pairs of full brothers, and 157 

pairs of full sisters, of whom either both were already dead at the closure of the data 

base (December 31, 2002) or the surviving sibling was already older than the 

deceased sibling at the time of death. For example, the pair of full sisters Queen 

Elisabeth II. of England (born 1926) and Princess Margaret (1930–2002), two other 

great great grandchildren of Queen Victoria of England, is among those selected.  
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Effects were tested with Chi-square models with expected equal distribution as the 

Null Hypothesis. For some analyses, however, lifespan was not analysed as a censured 

variable. Two individuals in the study group lived beyond age 100. Thus, once lifespan 

was to be analysed as an uncensured variable, only pairs of sisters (brothers) were 

considered, in which both siblings were already dead, and, in order to avoid any 

selectivity against survivors in the oldest age group, had been born before January 1, 

1902. Here, there were 164 such pairs of full brothers and 134 such pairs of full 

sisters. Multivariate OLS regressions were performed with lifespan difference as the 

dependent, difference in age at first or at last child, or difference in reproductive 

lifespan as the independent, and mean cohort fertility, mean cohort longevity, own 

number of children of both siblings, catholic denomination as control variables. 

 

There is no reason to exclude cases of three and more brothers or of three and more 

sisters. If every individual should be considered only in one pair, from groups of three, 

five etc. brothers (or sisters), one individual would not be considered at all. The only 

non-arbitrary solution seems to take all possible pairings from groups of three and 

more same sex siblings. Then, if there are n full sisters (brothers) from one couple, the 

number of possible pairings is given by the binomial coefficient , giving the 

descendants of a couple with many same sex children a disproportionally higher 

representation in the sample. Also, since such individuals occur in more than one pair, 

observations are not fully independent. In order to control for that, the binomial 

coefficient of total number of sisters (brothers) was used as a control variable in 

multivariate analyses. However, introducing this weighting will not completely correct 

 9



for the effects of non-independence of observations on significance levels in test 

statistics1. This will be taken into account in the interpretation of results. 

 

In this study design at this particular population, the confounders listed in the 

introductory section, are well controlled:  

1. Health and Socio-economic Status: All members of the study population 

belonged to the most affluent stratum of their societies, enjoying the best 

medical care of their times, and could have supported families as large as they 

only could have wanted for.  

2. Genetics: The study population has been a highly inbreeding group. In this 

network of intermarriages there is only one major divide: the catholic dynasties 

and the others (Anglican, Protestant, Orthodox) which, however, was not an 

absolute one, since there were almost equal proportions of direct descendants 

of George and Sophie Dorothea in catholic and non catholic dynasties. Among 

full siblings, there will have been less genetic variance than among any pair of 

full sisters (brothers) taken at random from the general population. 

3. Parity: All legitimate children are well documented. Illegitimate children were 

virtually absent from the female part of the study population. Of altogether 482 

mothers in the core data base, no one was listed as unwed at the birth of her 

first child. Non-paternity would make no difference for mothers, only for legal 

fathers. Cases of nonpaternity, however, will have been too rare in this sample 

(detailed review of arguments in Perusse 1993; 1994; Mueller and Mazur 2001) 

to worry about.   

                                         
1 I owe some of the phrasing in this paragraph to an anonymous reviewer. 
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Also, there are no cases of unwed fathers listed in the sources. Cases of 

illegitimate offspring will have been frequent among the males of the study 

group (although these children are rarely listed). Those, however, need not 

worry us either, since here, any life prolonging causal effects of fatherhood may 

be less effective, when such children do not live together with their biological 

fathers – as would have been the case here.  

4. Birth control is irrelevant for the research question here, since an eventual life 

prolonging causal effect of a late birth would be equally observable for planned 

as for unplanned births. 

5. Social support: Even the secondary members of the study population will have 

had more house servants to look after them than children2.  

6.  Childhood Mortality: Infant mortality was relatively low: 8% 1700-1799, 7% 

1800-1849, 5% 1850-1899, and 0.8% 1900-1939. And so was child mortality 

(death before 5th birthday, which dropped from 15% 1700-1799, 12% 1800-

1849, 8% 1850-1899 to 0.8 % after 1900. Also, with unlimited household 

resources, a child’s mortality risk may have been less correlated with that of 

siblings than in other families.   

It might be expected that death of a child, especially a young one, may induce 

parents to replace it with another one, and, thus, affect a parent’s age at last 

child. In the database, however, such an effect could not be observed for any 

sex (total number of own children, cohort specific mean family size, cohort 

                                         
2 According to press reports from August 2003, Charles Prince of Wales, the heir to the British throne, in 

Clarence House, his new home just for himself and his life companion Ms. Parker-Bowles, enjoys the 
services of 17 valets, 3 cooks, 2 private secretaries, 2 butlers, 2 chauffeurs and 8 gardeners. 
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specific mean life span, and catholic denomination controlled). Apparently, child 

mortality issues need not be considered here. 

7. Environmental fluctuations: All individual subjects in the study population were 

extremely well shielded against the ups and downs of business cycles, 

demographic waves, sex imbalances on the marriage market, nutrition supply, 

epidemics and the risks associated with war (some secondary male members of 

the study population were killed in action in wars, but all before age 45, and, 

thus, were not included in the sample) and political unrest (except a few 

assassinations 1870-1918 - such cases were excluded from analysis here), save 

the long term trends in life expansion and in fertility reduction.  

There are consistent reports that season of birth has a considerable effect on 

average lifespan, with people born in summer months having the shortest, 

people born in winter have the longest lifespan (Doblhammer & Vaupel 2001, 

Vaiserman et al 2002, Vaiserman & Voitenko 2003, Lerchl (in press)). The 

difference was found to be larger in males, and larger the poorer the country. 

Varying food quality and incidence of infectious diseases are considered as likely 

causes of this effect of season of birth on mortality. I will check lifespan 

differences by season of birth between sisters and brothers, which, then, might 

be interpreted as a coarse indicator of the study population’s exposure to short 

term environmental fluctuations. 

8. Cohort: Maximal birth year difference between pairs of full brothers or of full 

sisters, respectively, was 27 years. However, if we exclude just 10 parental 

couples, the maximum such difference drops to 14 years. Cohort effects within 

pairs of siblings will be weak in this data set. 
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Results 

In all subsequent multivariate comparisons between siblings, total number of own 

children was used as control variables in order to neutralise the trade-off between 

parity and longevity. In all other multivariate analyses, also catholic denomination 

(catholics had more children), mean cohort specific fertility and mean cohort specific 

lifespan - in order to control for the secular processes of fertility decline and of lifespan 

extemsion - were used as control variables.  

 

1. For women, there was a moderate trade-off between parity and lifespan, which 

slightly increased in effect size, when women with at least one (partial 

correlation coefficient -.133 p<.033), at least two (partial correlation coefficient 

-.139 p<.038), at least three children (partial correlation coefficient -.153 

p<.042) or at least four children (partial correlation coefficient -.186 p<.041) 

were considered. One the other hand, once women with 6 and more children 

were excluded, the effect disappeared. Within the 113 pairs of full sisters with 

completed lifespans, when age-at-first-birth and age-at-last-birth were used as 

additional control variables, there was a partial correlation coefficient between 

difference in lifespan and difference in number of children of -.238 at p=.015. 

For men, no trade-off between parity and lifespan could be observed. 

2. For women, age at first birth predicted lifespan (partial correlation coefficient 

r = .1295 at p=.034). An extreme value comparison, putting the first (<20 

years of age) and fourth quartile (>27 years of age) in age at first child against 

each other, generated a similar effect size: partial regression coefficient .245 at 

p = .026. Another, more arbitrary grouping, comparing women who had their 
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first baby before age 25 against those who had it after age 35, produced a 

partial regression coefficient .144 at p = .036.   

Age at last birth did not predict lifespan, neither over the full range of the age-

at-last-birth variable, nor in a comparison of the first (<27 years) and fourth 

quartile (>37 years), nor in a comparison of women up to 30 and above 40 

years of age.  

For men, neither age at first child nor at last child predicted lifespan.  

Also, for neither sex was length of reproductive life span (time between first 

and last child, for individuals with at least two children, with number of children 

controlled) a predictor of lifespan.  

However, there was a strong correlation between age at first and age at last 

birth, again with the same control variables and for individuals with at least two 

children: r=.4675 at p=.00004 for female survivors to age 45 and r=.6709 at 

p=.00004 for male survivors to age 50. 

3. A subject’s lifespan was predicted by first spouse’s lifespan with r=.238 at 

p=.022 for women, and r=.250 at p=.020 for men.   

On the other hand, a correlation was found in the lifespan of full brothers 

(r=.149, p=.001) and in the lifespan of full sisters (r=.215, p=.0004), but only if 

we include all - childless or not - individuals surviving at least to age 15. If, 

however, only female survivors to 45 and male survivors to age 50, with at least 

one child were considered – as anywhere else in the analyses presented here - 

no correlation was found in the lifespan of full brothers (r=.137, p=.111) nor in 

the lifespan of full sisters (r=-.018, p=.844). Interestingly, childless (married 

and unmarried) sisters surviving at least to age 45 have their lifespan correlate 
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with sisters with at least one child at r=.201 at p<.039, with mean cohort 

lifespan and mean cohort fertility controlled. Likewise, men without legitimate 

children surviving at least to age 45 have their lifespan correlate with brothers 

with at least one child at r=.314 at p<.004.  

4. I checked pairs of same sex siblings whether season (spring, summer, autumn, 

winter) of birth had an effect on lifespan as compared to the lifespan of the other 

same sex sibling, provided that sibling was born in another season. Alternatively, 

lifespan was compared between siblings born in autumn and spring, the minimum 

and maximum in season of birth dependent mortality – leading to small sample 

sizes, however.  

No season of birth dependent mortality differentials could be observed (ANOVA 

with cohort specific mean lifespan and number of children of each sibling as 

covariates), not even as a non-significant tendency, neither in the pairs of brothers 

nor of sisters. 

5. I checked pairs of sisters, whether the sister with the first (or the last) child born 

later in life, or the sister with the longer reproductive life span will have lived a 

longer life than the other. The same was done with the pairs of brothers. In order 

to avoid trivial effects, only such pairs of sisters or brothers are considered, in 

which both had reached the age at which the respective births had occurred. As 

already mentioned, analyses were performed with the binomial coefficient of the 

total number of full sisters, or brothers in the sample, as control variable, which, 

however, never showed any effect. Apparently size of family of origin has no effect 

on the relations between reproductive biography and longevity investigated here.  

Once mean cohort specific family size, life span and catholic denomination were 

controlled, there was no correlation in age at fist birth nor in age at last birth 
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between sisters nor between brothers. With the same control variables, there was a 

moderate correlation in family size between brothers, but none between sisters.  

Of all sister-sister pairs, in 82 vs. 75 cases, the sister with the later first birth lived a 

longer life than her sister. Female fecundity progressively declines after age 35 

(Hassan & Killick 2003; Tarlatzis & Zepiridis 2003), so pairs of sisters were selected, 

in which at least one had her first baby after age 35: in 7 vs. 4 cases the sister with 

the later first birth lived a longer life than her sister. If, alternatively, we look at 

cases with a large difference in age at first birth, irrespective of the age of the 

mothers, in 25 vs. 31 cases the sister who had to wait 5 years longer for her first 

child than her sister, also lived a longer life; in 7 vs. 8 cases the sister who had to 

wait 10 years longer for her first child than her sister, also lived a longer life.   

Furthermore, of all sister-sister pairs, in 77 vs. 80 cases the sister with the last birth 

later in life lived a longer life than her sister. In pairs of sisters in which at least one 

had her last child after age 35, in 33 vs. 31 cases the sister with the last child later 

in life lived a longer life than her sister. If, alternatively, we look at cases with a 

large difference in age at last birth, in 47 vs. 47 cases the sister who had her last 

child 5 years later in life than her sister, also lived a longer life. In 22 vs. 19 cases 

the sister who had her last child 10 years later in life than her sister than her sister, 

also lived a longer life.   

Finally, in all sister-sister pairs – only mothers of two and more - in 61 vs. 67 cases 

the sister with the longer reproductive life span lived a longer life than her sister. 

In none of these nine comparisons (Chi-square models with expected equal 

distribution as the Null Hypothesis) the difference is significant.  

Of all brother-brother pairs, in 96 vs. 95 cases, the brother with the later first birth 

lived a longer life than his brother. Male fecundity also declines with age (Hassan & 
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Killick 2003), albeit the decline starts later and fecundity may continue into the 10th 

decade of life (Ricklefs & Finch 1995; Pal & Santoro 2003, ), so pairs of brothers 

were selected in which at least one had his first baby after age 45: in 11 vs. 16 

cases the brother with the later first birth lived a longer life than his brother. If 

pairs of brothers were selected in which at least one had his first baby after age 50: 

in 4 vs. 9 cases the brother with the later first birth lived a longer life than his 

brother. If, alternatively, we look at cases with a large difference in age at first 

birth, in 60 vs. 52 cases the brother who had to wait for his first child 5 years 

longer than his brother, also lived a longer life. In 26 vs. 20 cases the brother who 

had to wait 10 years longer for his first child than his brother, also lived a longer 

life.   

Furthermore, of all brother-brother pairs, in 95 vs. 85 cases3 the brother with the 

later last birth lived a longer life than his brother. In pairs of brothers in which at 

least one had his last child after age 45, in 39 vs. 40 cases the brother with the last 

child later in life lived a longer life than his brother. In pairs of brothers in which at 

least one had his last child after age 50, in 26 vs. 16 cases the brother with the last 

child later in life lived a longer life than his brother If, alternatively, we look at 

cases with a large difference in age at last birth, in 66 vs. 53 cases the brother who 

had his last child 5 years later in life than his brother, also lived a longer life. In 42 

vs. 30 cases the brother who had his last child 10 later in life than his brother, also 

lived a longer life.   

Finally, in all brother-brother pairs – only fathers of two and more - in 63 vs. 58 

cases the sister with the longer reproductive life span lived a longer life than her 

                                         
3 In nine pairs, one brother had his last child at a time, when the other brother, although he had also 

survived to age 45, was already dead. Consequently, as described above, these brother pairs were 
not considered here. 
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sister. 

In none of these eleven comparisons (again Chi-square models with expected equal 

distribution as the Null Hypothesis) the difference is significant.  

These direct pairwise comparisons were, naturally, performed without the control 

variables as mentioned at the beginning of this section.  

The results of the sister-sister and of the brother-brother comparison are displayed 

in a compact way in table 1. 

 

(insert table 1 about here) 

 

6. Among pairs of sisters, partial correlation coefficient between difference in age 

at first child and difference in life span (only uncensored cases) was r=.026 at 

p=.776, and partial correlation coefficient between difference in age at last child 

and difference in life span was r=-.0034 at p=.975, with number of children, 

mean cohort life span, mean cohort fertility and catholic denomination 

controlled.  

Among pairs of brothers, partial correlation coefficient between difference in 

age at first child and difference in life span (again, only uncensored cases) was 

r=.101 at p=.234, and partial correlation coefficient between difference in age 

at last child and difference in life span was r=.074 at p=.384.  

7. Likewise, difference in length of reproductive life span and difference in life 

span did not correlate in any sibling comparison, with the same control 

variables. 
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Discussion 

1. This dataset is ideally suited for studying the question whether a late first or a 

late last baby is a life prolonging event, since any differential socio-economic 

factors are absent, the effects of short term environmental fluctuations 

(coarsely measured by season of birth) are smaller than in the general 

population, and – due to substantial inbreeding - genetic heterogeneity probably 

is smaller than in a general population sample. In studying the research 

question by comparing pairs of full sisters or of full brothers, cohort and 

genetics effects are controlled further. The correlation in lifespan between full 

sisters or between full brothers, if we consider all survivors beyond age 15, with 

a correlation coefficient higher than between DZ twins and about half as high as 

between MZ twins in a general population sample (Herskind et al. 1996) is no 

surprise for a population with uniformly excellent living conditions (Korpelainen 

2000). It is known, however, that non-additive genetic factors (genetic intra-

locus interactions) are important here. If, however, only survivors to at least 45 

(sisters) or 50 (brothers) years of age with proven fecundity are compared, a 

statistical association, although expected (Herskind et al. 1996; Iachine et al. 

1998; Jarvik et. 1960; Kerber et al. 2001; Mitchell et al. 2001; Perls et al. 1998; 

2002) could not be observed. Obviously, in the study population, genetic factors 

may have a small impact on post-reproductive mortality. Perhaps in the general 

population samples studied so far, a substantial part of the presumed 

heritability of the life span in fact is a shared environment effect. Once the 

effects of genetics get small, environment effects become greater. The stable 
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association in lifespan of survivors to postreproductive age, and their spouses 

may have to be explained by shared environment and not by assortative 

mating, either by spousal genetic similarity (for which is little evidence: Eckman 

et al. 2002) nor by phenotypic assortment (Reynolds et al. 1996), since future 

mortality of spouses is hardly observable at the time of marriage.  

2. Sample size can never be too large; however, 191 pairs of full brothers and 157 

pairs of full sisters, all surviving to at least 50 (males) or 45 (females), and of 

demonstrated fecundity, is large enough a sample for either sex to detect a 

consistent trend, if there is one in the universe of study. 

3.  The trade-off between total number of children and lifespan demonstrated for 

individual females is present, however, only after the sixth or even a later birth 

(similar finding for the British peerage in Doblhammer-Reiter & Oeppen 2003). 

No trade-off at all was demonstrated for males.  

3. A later first birth predicted a longer life in females, but not for males. A later last 

birth did not predict a longer life for either sex – same finding in Doblhammer-

Reiter & Oeppen (2003). Also, the time span between first and last birth was 

not a predictor for own lifespan. 

4. The comparison of sibling pairs – the central part of this study - gave no hint 

that the event of a late – first or last - birth makes the life of the mother or of 

the father longer. Among females, where the life prolonging effect of a birth 

later in life should be stronger anyway, the effect directions (never significant) 

observed are fairly even distributed between four findings pointing in one and 

five pointing in the opposite direction. Thus, nothing speaks for the emergence 

of a stable significant statistical effect once the sample size should become even 

 20



several times larger. Among males, there are more (8 vs. 3: sign test p=.132) 

findings pointing in the hypothesised effect direction (again none of the 

individual findings significant), but, given the longer reproductive life span in 

males, selection or differential health effects rather than genuine causal effects 

may play a greater role than in females anyway. Given the smaller physical and 

biological impact pregnancy, birth and lactation has on a father’s as compared 

to a mother’s organism, there is little reason to expect an eventual life 

prolonging causal effect of a baby later in life to be stronger for fathers than for 

mothers.  

4. Since Pearls et al.’s original (1997) and some later papers found the association 

between lifespan and late motherhood by comparing women giving birth after 

age 40 with others, it might be argued that, perhaps, only such very late births 

have the life prolonging effect searched for here, and those indeed are too rare 

in the sample for any meaningful analysis. Equivalently, it might be argued, that 

genetics may play a more important role for the lifespan among long-lived 

individuals (Jarvik et. 1960; Herskind et al. 1996; Iachine et al. 1998; Kerber et 

al. 2001; Mitchell et al.; Perls et al. 1998; 2002), and the number of very long-

lived individuals (say survivors to 85, or beyond), not to speak of very long-lived 

pairs of siblings, again is too small in the sample. On the other hand, female 

fecundity – as measured by waiting time to pregnancy, for example (Pal & 

Santoro 2003) - starts to decline after age 30 even among the well fed and 

healthy women of today’s rich countries (Hassan & Killick 2003; Tarlatzis & 

Zepiridis 2003), and while it is conceivable that an eventual life prolonging 

effect of a late birth gets the stronger, the later in a woman’s life that birth 
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actually happens, there is little reason why such an effect should start only after 

age 40. Rather, it should gradually emerge already after age 30, and, thus, 

should not go undetected in our sister-sister and brother-brother comparisons, 

where life span is measured in exact number of days. Nothing is known to 

expect that a late baby should be a life-prolonging event exclusively for people 

who have a genetic disposition for unusually long lives, if this disposition itself is 

unrelated to reproduction. It might be that there is a genetic link between 

dispositions for late reproduction and longevity, which can be properly studied 

only in very long-lived individuals. But such a hypothetical link would not predict 

an association between the later birth and the longer life in comparisons of full 

sisters or of full bothers, and, therefore, would not show up if a much larger 

sample of sister pairs or brother pairs were available. Such a hypothetical link 

would – with unchanged genotype frequencies – become more visible in 

phenotype analyses the more favourable the environment becomes – and 

therefore could be masquerading as a cohort effect – but not in the novel 

design of sister-sister or brother-brother comparisons applied here.   

Thus, the main finding of this study, obtained from a data set which is ideally 

suited for studying such an eventual effect, because many potential intervening 

variables are controlled here, namely that neither a first baby nor a last baby 

later in life is a life prolonging event, neither for females nor for males, probably 

in the same way applies to individuals with and without a genetic disposition for 

unusually long lives. 

Conclusions 
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There are three interpretations of the association between late reproduction and 

longevity several authors have reported:  

First, the event of a late (first or last) birth directly or indirectly may make the parental 

organism more durable.  

Second, there may be a genetic link between longevity and a disposition to start or to 

end reproducing later in life, inducing more durable individuals to drift later into or 

later out of reproduction than other individuals.  

Third, the association between late reproduction and longevity could be explained by 

the differences between families in educational investments, and healthy lifestyles. 

 

The findings from this study, clearly do not support the first interpretation. A child later 

in life apparently is not a life prolonging event. 

For studying life course differences based on genetic differences – the second 

interpretation - this genetically homogeneous study sample is poorly suited.  

Thirdly, there is a clear influence also in this study sample, of individual lifestyle factors 

on the life course, to be seen in the stable correlation of postreproductive lifespan 

between first time married spouses, as compared with the much weaker correlation 

between the postreproductive lifespans of full sisters / full brothers. But this possibly 

life style dependent variance in lifespan between full same-sex-siblings still is not 

associated with the timing of first or last births nor the length of the reproductive life 

span.  

The conclusion is obvious that the positive association between late reproduction and 

longevity, which in general population samples was repeatedly observed, must be 

explained by the variance of some of the factors seemingly well controlled in this 
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study: by genetic heterogeneity between family lineages, or by socio-economic status 

based health differences, or – most likely – by a combination of both.  
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Table 1:  The Sister-Sister and the Brother-Brother Comparisons 
  Hypothesis: A child later in life makes the life of the parent longer 
 Females: Hypothesis  Males: Hypothesis 
First baby 
 

Confirmed Not 
Confirmed 

First baby 
 

Confirmed Not 
Confirmed 

All sister pairs  82 75 All brother pairs 95 94 
At least one 
sister older than 
35 at first baby  

7 4 At least one 
brother older 
than 45 at first 
baby  

11 16 

   At least one 
brother older 
than 50 at first 
baby  

4 9 

One sister has 
her first baby at 
least 5 year later 
in life than her 
sister 

25 31 One brother 
has his first 
baby at least 5 
year later in life 
than his brother

60 52 

One sister has 
her first baby at 
least 10 year 
later in life than 
her sister 

7 8 One brother 
has his first 
baby at least 10 
year later in life 
than his brother

26 20 

      
Last baby 
 

  Last baby 
 

  

All sister pairs  77 80 All brother pairs 95 85 
At least one 
sister older than 
35 at last baby  

33 31 At least one 
brother older 
than 45 at last 
baby  

39 40 

   At least one 
brother older 
than 50 at first 
baby  

26 16 

One sister has 
her last baby at 
least 5 year later 
in life than her 
sister 

47 47 One brother 
has his last 
baby at least 5 
year later in life 
than his brother

66 53 

One sister has 
her last baby at 
least 10 year 
later in life than 
her sister 

22 19 One brother 
has his last 
baby at least 10 
year later in life 
than his brother

43 30 
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Hypothesis: A longer reproductive life span makes the life of the parent longer 
 Females: Hypothesis  Males: Hypothesis 
Reproductive life 
span 

Confirmed Not 
Confirmed 

Reproductive 
life span 

Confirmed Not 
Confirmed 

All sister pairs 
(only mothers of 
2) 

61 67 All brother pairs
(only fathers of 
2)  

63 58 
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