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1 Introduction
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On 4 October 1829, Leendert Wisse was born in Meliskerke, a small, rural town on the island of
Walcheren in Zeeland. In many ways, Leendert’s life was unexceptional. He was a farmer’s son
and he worked on his father’s farm until he got married to Neeltje Geschuren at age 23. Together
with Neeltje, he moved to another small town on Walcheren – Ritthem – and went on to have 13
children, the last of whom was born when Leendert was 43. When the couple got older, they left
their own farm and moved to Wissenkerke on Noord-Beveland, where their four youngest
children lived. Here, Leendert and Neeltje grew old and eventually died of old age. In many ways,
Leendert Wisse’s life is exemplary for those born in Zeeland in the first half of the 19th century.
Like so many others, he stayed in the region where he was born and married, had multiple
children, and worked in the same profession for most of his life. But, however ordinary the life
course of Leendert Wisse might have been, his life span was exceptional. Leendert lived to be 99
years old and outlived 99.9% of his peers.
Yet the exceptional survival of Leendert is not even the most interesting aspect of his life story.
Not only did Leendert live to be 99 years old, but the survival of his children was also exceptional.
Few of Leendert’s children died in the first years of life. In total, Leendert and Neeltje lost only
two of their 13 children – Wilhelmina and Willem – before they reached age 5, while an average
family of 13 lost about five children early in life. It was not only child mortality that was low. What
makes Leendert’s family truly extraordinary is that in addition to Leendert, three of his children
lived to exceptional ages. Although they did not live as long as their father, they still lived longer
than 95% of their respective birth cohorts. Jacobus, Leijn, and Wilhelmina – named after her
deceased sister – lived until the ages of 88, 89, and 86, respectively, which was exceptional at the
time. Hence, four exceptional lives stemmed from one extraordinary family.
From contemporary research, we know that exceptional lives tend to cluster in a limited number
of families (Kerber, O’Brien, Smith, & Cawthorn, 2001; Perls et al., 2002; Sebastiani, Nussbaum,
Andersen, Black, & Perls, 2015; Van den Berg et al., 2018). This indicates that the family history
of longevity of Leendert Wisse and his children is probably not just an anecdote, but indicative of
a much broader pattern. There are certain extraordinary families that are able to bring forth
multiple individuals who live to exceptional ages. Individuals born into these families are not only
more likely to become long-lived, but are also less likely to die at any given age than individuals
without long-lived family members (Dutta et al., 2013; Gudmundsson, Gudbjartsson, Frigge,
Gulcher, & Stefánsson, 2000; Houde, Tremblay, & Vézina, 2008; Smith, Mineau, Garibott, &
Kerber, 2009b; Van den Berg et al., 2018; Westendorp et al., 2009). In general, the wear and tear
on the human body also seems to be lower for long-lived individuals and their offspring. In middle
age and old age, offspring of long-lived individuals have better immune systems and metabolic
health than other individuals of the same age (Ash et al., 2015; Deelen et al., 2016) and are less
vulnerable to diseases associated with old age, such as diabetes, cardiovascular diseases,
Alzheimer’s disease, and so on (Atzmon et al., 2004; Christensen, McGue, Petersen, Jeune, &
Vaupel, 2008; Dutta et al., 2014; Gjonça & Zaninotto, 2008; Newman et al., 2011; Terry et al.,
2

2004; Terry, Sebastiani, Andersen, & Perls, 2008; Westendorp et al., 2009). In other words,
families with multiple long-lived family members seem to be not just lucky, but also likely to
possess resources that promote healthy ageing. Hence, members of long-lived families seem to
hold the key to a long and healthy life, and can probably yield insights into the mechanisms that
protect against age-related diseases.
In this thesis, the role of the family in becoming long-lived is studied. Individual chances of
becoming long-lived increase with each additional long-lived parent, sibling, aunt, or uncle
(Gudmundsson et al., 2000; Kerber et al., 2001; Perls et al., 2002; Sebastiani et al., 2015; Van den
Berg et al., 2018). However, multiple familial factors might play an important role in explaining
why exceptionally long lives cluster in a limited number of extraordinary families. In becoming
long-lived, a wide range of individual factors are known to play a role. Genes (Ljungquist, Berg,
Lanke, McClearn, & Pedersen, 1998), social status (Gavrilov & Gavrilova, 2015; Temby & Smith,
2014), familial resources (Hin, Ogórek, & Hedefalk, 2016; Sun et al., 2015; Van Dijk, Janssens, &
Smith, 2018), and the living environment (Caselli & Lipsi, 2006; Gavrilov & Gavrilova, 2015;
Montesanto et al., 2017; Pes et al., 2013; Poulain, Herm, & Pes, 2013; Roli, Samoggia, Miglio, &
Rettaroli, 2012; Rosero-Bixby, Dow, & Rehkopf, 2013) – among others – have been linked with
increased chances of living to an exceptional age. These factors are also known to be more
common in certain families than others, as parents determine where their children are born, instil
their offspring with certain lifestyles, and transmit socio-economic resources (Broström,
Edvinsson, & Engberg, 2018; Knigge, 2016; Morris, Jones, Schoemaker, Ashworth, & Swerdlow,
2011; Sommerseth, 2018; Van Dijk & Mandemakers, 2018). Nevertheless, whether long-lived
families also had increased access to these resources is still subject to debate. Therefore, we
explore whether socio-economic status, parental resources, and the living environment can
explain why exceptional survival clusters in a limited number of families.

1.1 A historical–demographic study of longevity clustering
The familial clustering of longevity will be studied from a historical–demographic perspective.
Longevity is a rare trait that applies only to the top survivors of a birth cohort. To study the effects
of exceptional survival on future generations, a lot of data is needed. First, one needs to know
the age at death of multiple generations of long-lived family members. Second, an ample number
of long-lived individuals need to be sampled, especially to distinguish between families with a
long-lived father, a long-lived mother, or two long-lived parents. Third, one wishes to have as
much information – on socio-economic status, fertility histories, and places of residence – as
possible about parents and their children to be able to test why longevity clusters within certain
families. Until recently, such data was not easily attainable. However, with the increased
digitization of genealogies, censuses, civil records, parish registers, and population registers,
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increasingly more data suited for the study of historical longevity has become available (Kaplanis
et al., 2018; Song & Campbell, 2017).
A novel data set is used to study familial clustering of longevity. This data set – LINKS Zeeland –
reconstitutes families and life courses for the Dutch province of Zeeland from vital-event records
in the civil registry. The Dutch civil registry is an ideal source for the collection of information on
mortality and family relations over extended periods of time. Not only is an incredible number of
individuals followed over time, but the civil records also contain information on occupations,
municipality of residence, spouses, and parents. When combined, vital registration data can be
used to reconstruct life spans, occupational life courses, and families for the Dutch province of
Zeeland. The resulting data set’s coverage is unique in terms of area, time, and
comprehensiveness, as life spans for most of the families that were formed in Zeeland between
1812 and 1862 can be reconstructed from birth, marriage, and death certificates. Observations
are available for all individuals who remained in Zeeland, which corresponds to most of the
population. More than 70% of all individuals never left Zeeland and those who remained often
married and died within the same municipality (Ekamper, Van Poppel, & Mandemakers, 2007;
Kok & Mandemakers, 2005; Van den Berg, Van Dijk, Mourits, et al., 2018). Hence, LINKS Zeeland
provides a magnificent opportunity to study what caused longevity to cluster in families.
The study of longevity in a historical context might feel counterintuitive at first, as today we live
longer than ever (Kannisto, 2001; Robine & Paccaud, 2005; Wilmoth & Robine, 2003). Individual
lives and societies have changed dramatically over time. Among others, the lethality of infectious
diseases has decreased, food has become less scarce, living conditions have become better,
hygiene and public sanitation have improved, and vaccines have become more readily available
(see, e.g., Davenport, Satchell, & Shaw-Taylor, 2018; Devos, 2006; Fogel, 2004; Harris & Hinde,
2019; Hofstee, 1981; McKeown, 1976; Omran, 1971; Preston, 1976; Reher, 2004; Rotberg & Rabb,
1985; Rutten, 1997; Van der Woud, 2010). In terms of mortality, this means that infant and child
mortality have decreased, the average and maximum life span have increased, and variation in
the age at which people die has decreased (Colchero et al., 2016; Oeppen & Vaupel, 2002).
However, one should not forget that the longest-lived in society have, by definition, experienced
many of these historical changes. Today’s centenarians, for example, grew up in the 1910s, when
one in ten children still died in the first 5 years of life (HMD, 2018), became of age when malaria
was still an endemic disease in the Netherlands (Van der Kaaden, 2003), and witnessed the
invention of chemotherapy (DeVita & Chu, 2008). It is an illusion to think that the life spans of
today’s centenarians have not been shaped by the context in which they grew up.
In a different context, the study of longevity is an opportunity to study familial effects. Among
others, differences between social classes, family sizes, and living environments were rather
different from those of the present day. Differences in standards of living existed between social
classes, but these existed without today’s class-bound differences in healthy lifestyles (Bengtsson
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& van Poppel, 2011; Edvinsson & Broström, 2012). Families were generally much larger (Dribe et
al., 2017), so that effects of poverty and maternal depletion were larger (Engelen & Wolf, 2011;
Van Poppel, Jennissen, & Mandemakers, 2009). Differences between living environments were
more pronounced (Edvinsson & Broström, 2012), as regional cultures and histories defined how
individuals lived and used the land. Taken together, these factors make historical populations an
interesting laboratory to test how socio-economic inequalities with different class-bound
behaviour, familial resources under more strain, and highly diverse living environments affected
human survival.

1.2 The decline of mortality in the Western world
In this study, we focus on the influence of the family on individual chances of becoming long-lived
for those born in the first half of the 19th century. These individuals were subject to one of the
greatest demographic upheavals in known history. Over the past 200 years – and possibly even
longer – the human life span has lengthened. Initially, about one in three newborns would not
live to be 5 years old, about 20% of the population died between the ages of 15 and 50, those
who reached age 50 lived, on average, for 69.6 years, and the longest-lived in society lived to be
over 100 years old (HMD, 2018). Today, child mortality has mostly disappeared, only 2.5% of the
population dies between the ages of 15 and 50, the average age at death of those who have
reached age 50 is 81.4 years, and the longest-lived in society live for over 110 years (HMD, 2018).
In other words, mortality has declined dramatically over the past two centuries.
Figure 1.1 shows how life spans differ between cohorts from 1800, 1900, and 2000 in a Western
European population. For those born in 1800, death was a much more common factor in everyday
life. Mortality was especially high for newborns. Infectious diseases and dietary infections due to
contaminated food and water often proved fatal for the youngest in society (see, e.g., Walhout,
2010). Moreover, children who survived the first year of life were still not out of harm’s way, as
infection with diphtheria, measles, and smallpox in the first years of life could prove to be fatal.
Infectious diseases also caused high mortality levels among adults. Malnutrition and lack of
knowledge about (preventive) medicine made mankind susceptible to infection with cholera,
diarrhoeal diseases, and tuberculosis. These infectious diseases could be lethal for any weakened
adult and increased the wear and tear on the human body (Preston, 1976; Rotberg & Rabb, 1985).
As a result, dispersion in life span was high, so that the “average” individual died somewhere
between the ages of 15 and 90, and most individuals died around age 70. Hence, mortality for
those born in 1800 was characterized by high infant and child mortality, high variation in life span,
and shorter life spans.
By 1900, the mortality environment had changed significantly. Receding epidemics, increased
standards of living, improved hygiene and public sanitation, and better knowledge of (preventive)
medicine went hand in hand with decreased mortality. Infant and child mortality in particular
5

were declining rapidly. However, mortality risks in society were also decreasing at other ages. The
first improvements in life span were caused by the eradication of infectious diseases, such as
measles, smallpox, and cholera. Moreover, better nourishment drove out malformities due to
rickets, while smallpox was brought under control by vaccination schemes (Devos, 2006; Rutten,
1997). Figure 1.1 further shows that variation in life span decreased dramatically as mortality
before age 50 became rarer. At the same time, survival after age 50 also increased, so that most
women from the 1900 cohort died around age 85, while most men from the same cohort died
around age 80. However, the first effects of increased standards of living were also visible.
Survival differences between men and women were increasing for cohorts born between 1870
and 1900. This was partly caused by the widespread male habit of smoking in the first half of the
20th century (Beltrán-Sánchez, Finch & Crimmins, 2015; Janssen & Van Poppel, 2015; LindahlJacobsen et al., 2013). Social gradients in mortality also started to appear and were well
pronounced by 1950, or in some cases even a couple of decades later (Bengtsson & Dribe, 2011;
Edvinsson & Broström, 2017; Kunst, Looman, & Mackenbach, 1990). Hence, the dawn of the 20th
century was defined by receding infant and child mortality, low variation in life span, and long life
spans, as well as growing social inequalities in life span.
Today, the results of the changes in mortality have become even more pronounced. Infant and
child mortality are almost non-existent in Europe. Already in 1930, child mortality had decreased
to under 5%. Life-span disparities diminished and the maximum age at death increased even
further (Colchero et al., 2016; Van Poppel, Deerenburg, Wolleswinkel-Van den Bosch, & Ekamper,
2005). Contemporary improvements in life span have different roots than those in the 19th
century, as today’s life-span improvements are gained by lifestyle and medical improvements that
reduce the risk of degenerative and man-made diseases. Improved standards of living and
affluence have introduced new health risks. Increased dietary intake of sugar and saturated fats
has gone hand in hand with obesity and other health risks (Marmot, Adelstein, Robinson, & Rose,
1978). As a result, the most common causes of death are now cardiovascular diseases, obstructive
lung diseases, and cancer rather than infectious diseases. Moreover, life-span inequalities
between social classes have grown since the 1950s (Edvinsson & Broström, 2017; Kunst, Looman,
& Mackenbach, 1990). Hence, decreasing mortality rates due to the eradication of infectious
diseases have coincided with a continued decrease in infant mortality, lower dispersion in life
span, and increasing inequalities.
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Figure 1.1. Distribution in the age at death for the 1800, 1900, and 2000

Source: Data retrieved from the HMD (2018).
Notes: Life tables are shown for Sweden, as it is the only country with cohort life tables for the 1800 cohort.
With the exception of mortality between ages 0–1 and 1–5, mortality is shown per 5-year interval. There is no
cohort table for the 2000 cohort, as these individuals have yet to start ageing. Instead the period life table for
2000 is shown, which underestimates survival in later life.

1.3 Mortality in the Zeeland context
LINKS Zeeland contains data on cohorts from the first half of the 19th century. Therefore, infant
and child mortality is expected to be high, variation in life span is relatively large, and lives were
shorter than today. However, even in the early 19th century, Zeeland was known for its high
mortality. Part of Zeeland’s bad reputation was caused by a failed English military expedition. In
the midsummer of 1809, an expedition of 40,000 British soldiers was sent across the North Sea
to capture the harbour of Vlissingen and invade Antwerp. However, the expedition did not go
according to plan, as many soldiers fell ill. Within a time span of three months, 40% of the army
had fallen ill and 10% of the soldiers had died from the effects of intermittent fever, typhoid fever,
and dysentery (Van der Kaaden, 2003). The military expedition failed and by December, most of
the troops had returned home. Eventually, the British invasion of Zeeland would become a
footnote in history, but Zeeland’s reputation as an unhealthy bog was established.
A look at the available mortality data shows that mortality in Zeeland was indeed high, but not
necessarily over the entire life course. The high mortality was mainly caused by high infant and
7

child mortality (Hoogerhuis, 2003; Van Dijk & Mandemakers, 2018). Between 35% and 50% of all
newborns would not live to be 5 years old. This was much higher than the average level of infant
and child mortality in the Netherlands, where about 25% of all newborns died before age 5 (HMD,
2018). However, there is little evidence that mortality was also high in later stages of life. A
comparison between Utah and Zeeland found relatively high mortality rates for Zeeland between
ages 18 and 85 (Van Dijk, Janssens, & Smith, 2018). However, Utah was known as an exceptionally
healthy environment and the differences between the two provinces are at least partly caused
by selective outmigration from Zeeland (Van den Berg, Van Dijk, Mourits, et al., 2018). When we
look at survival at age 50, at which point migration reaches a low (Kok, 1997), the mean life span
in Zeeland is highly comparable to the mean age at death in Utah. Nevertheless, the environment
might have affected survival among the oldest in society, as top survivors in Utah lived much
longer than top survivors in Zeeland (Mourits, Smith, & Janssens, 2018). Infant and child mortality
were unusually high, but life spans were not necessarily short for those individuals who lived to
be 50 years old.
The decline of mortality in Zeeland deviated somewhat from the international trend and was
more similar to the decline of mortality in England, where mortality in later life decreased before
infant and child mortality started to decrease (Davenport, Satchell, & Shaw-Taylor, 2018). For
Zeeland, data on life spans is available in the Dutch civil registry for the 1812–62 cohort. These
individuals were born between 1812 and 1862 and died between 1812 and 1962. For these birth
cohorts, both infant and child mortality were high: about 28% of all newborn girls died within the
first year of life and another 11% in the 4 years that followed. For boys, the chances of survival
were even bleaker: 32% of all newborn boys died before age 1 and another 10% died before age
5. Although there were yearly fluctuations in mortality – which can be attributed to outbreaks of
infectious diseases and bad harvests (Van Dijk, 2019a) – mortality in early life was fairly stable
between 1812 and 1862. If anything, mortality in infancy and childhood was slowly increasing in
the first half of the 19th century. One would thus expect that the circumstances in Zeeland were
taking a turn for the worse in the early 19th century.
Yet the trends in mortality in later life show a different picture. Both for the “average” and the
exceptional survivor, mortality in later life decreased. Hardly any differences existed in the
survival rates of women and men. The average women and men of the 1812 cohort – that is,
those individuals who lived to age 50 – had a mean life span of 71.4/70.1 years in 1812, which
increased gradually to 74.4 and 74.2 years for the 1862 cohort. The trends were similar for the
top 5% in the data: the top female and male survivors of the 1812 cohort lived to become 88.1
and 85.7, while the longest-lived of the 1862 cohort became 89.4 and 89.5 years old. The
maximum age at death also seemed to increase gradually over time. Life spans were, thus, already
lengthening for the 1812–62 cohort, despite stable levels of infant and child mortality.
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Figure 1.2. Mortality trends in the female (left) and male (right) 1812–62 Zeeland cohort

Source: Data retrieved from LINKS Zeeland 2017.01 (Mandemakers & Laan, 2017).
Notes: The infant and child mortality are the percentages of individuals who died before the ages of 1 and 5.
Life span at age 50 refers to the mean age at death of those who lived to be at least 50 years old. The life span
of the top 5% is the mean age at death of those individuals who belonged to the top 5% cohort members in
LINKS Zeeland.

1.4 The importance of the family
The demographic trends in human mortality between 1800 and 2000 show a clear improvement
in human living conditions. However, these trends – as described in the previous sections and
shown in Figures 1.1 and 1.2 – refer to statistical means. These means are not directly translatable
to individual life spans, as the chances of dying at a certain age cluster within families. Multiple
studies have shown that in contemporary populations, the family has a significant effect on
individual chances of becoming long-lived (Kerber et al., 2001; Perls et al., 2002; Sebastiani et al.,
2015; Van den Berg et al., 2018). Therefore, any person without a family history of longevity is
much less likely to become long-lived than the population mean would suggest. A random person
today is, for example, four to eight times less likely to become a centenarian than a sibling of a
centenarian (Perls et al., 2002). Familial clustering of longevity most probably also occurred in the
past, even though variation in mortality was higher and causes of death differed considerably.
Familial clustering of longevity indicates that survival to exceptional ages demands something
extra that only a few extraordinary families can bring to the table. There are ample reasons to
expect that the familial clustering of longevity not only exists today, but also occurred in the past.
Family clustering indicates that parents were able to successfully transmit their survival
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advantages to their offspring. In part, this is caused by genetic dispositions (Brooks-Wilson, 2013;
Morris et al., 2015), which were most probably also present in the population three to four
generations ago. The offspring of long-lived parents have a lifelong survival advantage over other
individuals in society (Dutta et al., 2013; Gudmundsson et al., 2000; Houde et al., 2008; Smith et
al., 2009b; Van den Berg et al., 2018; Westendorp et al., 2009). This makes sense from an
evolutionary standpoint. Genetic predispositions favouring survival to extreme ages can only be
successfully transferred if they increase human chances of reproduction. By being more likely to
survive their reproductive years, long-lived individuals were more likely to produce offspring,
which improved their biological fitness. Therefore, it is no surprise that genetic predispositions
play an important role in explaining longevity clustering (Ljungquist et al., 1998; Van den Berg et
al., 2017).
A wide range of factors has been associated with the length of individual life spans. Among others,
socio-economic status, fertility behaviour, and the living environment have been associated with
increased chances of becoming long-lived (Hin, Ogórek, & Hedefalk, 2016; Poulain, Harm & Pes,
2013; Temby & Smith, 2014). These factors are known to cluster in families. As shown in Figure
1.3, longevity is likely to cluster within the family as siblings share resources during their formative
years and live in the same environment. Furthermore, family members also resemble one another
in later life, as children inherit their parents’ genes, social status, and place of residence. All of
these factors have been linked with individual chances of becoming long-lived (Caselli & Lipsi,
2006; Gavrilov & Gavrilova, 2015; Hin, Ogórek, & Hedefalk, 2016; Montesanto et al., 2017; Pes et
al., 2013; Poulain, Harm & Pes, 2013; Roli et al., 2012; Rosero-Bixby et al., 2013; Sun et al., 2015;
Temby & Smith, 2014; Van Dijk, Janssens, & Smith, 2018). However, if specific families succeed in
attaining these resources and passing them on to their offspring, the socio-economic resources,
the familial factors, and the living environment are not individual resources. Social processes
cause individuals to take on their father’s socio-economic status, be instilled with fertility
behaviour, and stay in the environment where their parents grew up. Moreover,
intergenerational transmission of these resources is also affected by inheritable traits, such as
intelligence and behaviour. To understand the family dynamics behind the clustering of longevity,
it is important to understand the way in which determinants of longevity cluster within families
and are transferred between generations.
The focus of our study lies on factors that have been associated with individual chances of
becoming long-lived and are known to cluster within families. Socio-economic status is one of the
most important predictors of contemporary differences in survival and might also have
contributed to differences in survival in the past. A wide range of historical demographic literature
has linked familial resources such as early parental mortality, infant mortality in the sibship,
fertility behaviour, and resource competition to survival in early life. These resources can also
theoretically be linked with individual chances of extended survival. Finally, the living
environment is known to have had an important effect on human survival. All these resources are
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known to cluster within families and, as such, might explain why long-lived individuals pass on
their survival advantages to their offspring. Our focus on familial clustering means that we do not
focus on factors that might increase individual chances of becoming long-lived, but are unlikely
to explain familial clustering of longevity. For example, migrants are known to have lived longer
due to healthy migrant effects (Puschmann, Donrovich, & Matthijs, 2017; Van den Berg, Van Dijk,
Mourits et al., 2018), but these survival advantages were not transferred to offspring. Therefore,
we focus our attention on shared familial factors that might explain why individuals with longlived parents had a survival advantage over those without long-lived parents in society.

Figure 1.3. Familial and individual predictors of individual longevity

1.5 Research question
The influence of familial characteristics on the probability of becoming long-lived will be studied
to gain more insight into the clustering of longevity. In our studies, we use the term “longevity”
to designate those individuals surviving to the top 10% of their birth cohort. The family will be
used as the central unit of analysis, the unit in which influences on death and survival come
together. The main question asked is: To what extent is familial clustering of longevity explained
by factors that promote individual probabilities of becoming long-lived? To answer this question,
the following supplementary questions are addressed: (1) What has previously been published on
factors that influence longevity of individuals? (2) Because of mixed previous findings, we
reconsider the following: To what extent did longevity depend on an individual’s social position?
(3) To what extent did familial factors influence the survival of individuals to exceptional ages?
and (4) How and to what extent is longevity affected by the living environment of the individual?
First, the literature on determinants of historical longevity is reviewed by investigating and
comparing findings in different populations. Next, we explore how three well-known predictors
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of individual longevity – socio-economic status, familial resources, and the living environment –
affected the survival of the individual. Taken together, these four questions will show us whether
the most common determinants of individual longevity also affected the familial clustering of
longevity.
In chapter two, we create an overview of the known determinants of historical longevity. In the
historical demographic literature, individual longevity has hitherto been studied as the outcome
of individual characteristics, while familial and environmental influences have received less
attention. The findings from these studies on historical longevity are discussed. To understand
why the family is so important, we explore whether and how in previous studies environmental
effects, household composition, social support, socio-economic status, and behaviour have been
associated with the survival of individuals in later life. An overview of the literature on historical
longevity is created to understand which factors affect an individual’s chance of becoming longlived. These insights show how longevity has developed over time and which factors might be
responsible for familial clustering of longevity.
In chapter four, we explore the relationship between socio-economic status and longevity.
Nowadays, social class is one of the most important determinants of life span and also seems to
affect individual chances of becoming long-lived. Just like longevity, socio-economic status is
known to be transmitted between generations. Therefore, socio-economic status might explain
why longevity clusters within certain families. However, there is much debate as to whether,
historically, socio-economic status also affected individual survival in the 19th century. Due to
methodological differences between studies, it is unclear whether different findings stem from
methodological or regional differences. The link between individual socio-economic status and
survival in later life is studied to find out whether socio-economic status determined individual
chances of becoming long-lived in the 19th century and could, in turn, affect the intergenerational
transmission of longevity.
In chapter five, the extent to which the intergenerational transmission of longevity was
dependent on familial factors – such as infant mortality, fertility behaviour, and resource
competition with siblings – is unravelled. The offspring of long-lived parents are known to have a
survival advantage over all other individuals in society. However, this relationship might be
explained by other familial factors. In our analyses, we first establish an association between
parental longevity and survival of offspring. Subsequently, we test whether familial factors such
as early parental mortality, infant mortality in the sibship, fertility histories, and socio-economic
resource competition in early life affect the association between parental longevity and offspring
survival.
In chapter six, the relationship between the living environment and individual longevity is
addressed. Multiple environmental factors – such as gene-pool effects and regional differences
in behaviour, agricultural traditions, disease environments, and living conditions – have been
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associated with individual survival. Therefore, simply living in certain environments might have
given entire families a survival advantage. We test whether longevity clustered geographically in
Zeeland to see if long-lived individuals lived in close proximity to one another. Next, we determine
whether geographical clustering of longevity was strongest in early life or later life, or was stable
over the life span. Finally, we test the extent to which geographical features that have been
associated with infant and later-life mortality in the historical demographic literature explain the
geographical clustering of longevity.
Finally, in chapter seven, we discuss what these findings mean for the study of longevity. Taken
together, these insights show the extent to which familial clustering of longevity is dependent on
socio-economic status, familial resources, and the living environment. As such, this shows us
whether individual factors that have been linked to longevity can also be seen as a source for
familial clustering of longevity. Moreover, the historical demographic perspective allows us to see
whether human longevity was shaped similarly in the past as in the present.

1.6 Data
Longevity will be studied with vital-event data from the Netherlands that has been digitized by
the WieWasWie project. WieWasWie aims to digitize the whole Dutch civil registry, so that an
incredibly rich source of historical information becomes available online to scholars and
genealogists. All existing birth, marriage, and death certificates have been entered and matched
for Zeeland. This information is highly valuable, as the Dutch civil registry is one of the oldest in
the world. Under French colonial rule, the Netherlands was the third country to introduce and
maintain a nationwide civil registry, after France (in 1792) and Belgium (in 1796). The civil registry
was introduced into the Netherlands between 1796 and 1811. From 1812 onwards, civil registers
were available for the entire country (Vulsma, 1988), whereas other countries followed at a much
later date. Only nine other countries had adopted a civil registry by the turn of the 20th century:
England and Wales in 1837, Scotland in 1855, Ireland in 1864, Romania in 1865, Italy in 1866, and
Spain, Germany, and Switzerland in the 1870s. The Dutch civil registry therefore offers a rare
insight into 19th-century demographics, and especially into early-19th-century demographics.
The Dutch registration was of high quality, as municipalities were required to register all vital
events in a very precise manner. Each year, municipalities were sent three different books
containing forms to record births, marriages, or deaths (see Figure 1.4 for an example). When a
vital event occurred, civil servants were required to record the name and age of the index
person(s) and of the index person’s parents and/or spouse. Initially, the forms were blank and
standardized texts needed to be written down in French, but this practice changed in 1815, when
the forms became preprinted in Dutch. In order to ensure that the certificates were archived in
an orderly fashion, it was forbidden to record vital events on loose sheets of paper. This practice
was enforced by a local judge, who watermarked all the pages of the registries with his initials at
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the beginning of the year and consequently checked them for completeness at the end of the
year (Vulsma, 1988). As a result, all vital events that have been recorded since 1812 can be
retraced for Zeeland, up to the point at which they are protected by privacy laws.
Indexes of the certificates were matched with the LINKing System for historical family
reconstruction Zeeland (LINKS Zeeland for short; see Mandemakers & Laan, 2017). Parents are
matched to their children by linking index names on marriage certificates to parental names on
birth, marriage, and death certificates, whereas individual life courses are reconstructed by
linking index names on birth, marriage, and death certificates. A successful match between two
certificates requires, first, that the names of both the index person as well as his or her parents
are identical and, second, that the chronological order and timing of the two vital events is
feasible. This procedure prevents mismatches by excluding impossible life courses; for example,
marrying after death or giving birth to children during infancy. Moreover, the strict namematching procedure assures that similar-sounding names are not confused and lead to a
mismatch. Still, the procedure also leaves out a lot of potential matches. Therefore, a linking
algorithm was applied that allowed for slight iterations in names due to spelling mistakes.
The matched certificates from the civil registries were used to reconstruct families. The first
generation that can be studied consists of individuals who started a family after the introduction
of the Dutch civil registry; that is, those who married on or after 1 January 1812. Privacy laws
restrict access to birth certificates to the general public for 100 years, marriage certificates for 75
years, and death certificates for 50 years. To compare long-lived and average-lived families, only
cohorts with full mortality data were selected for our analyses. The longest-lived members of this
cohort barely lived beyond the age of 100. Thus, the last generation that can be studied are those
families of which all family members had perished before 31 December 1962. This limits the study
to two generations for which information on mortality, fertility, and socio-economic behaviour
will be available.
The quality of the resulting data set is tested in chapter three. Family reconstructions from LINKS
Zeeland are compared with reconstructions of the same families in an established historical
database: the Historical Sample of the Netherlands (HSN). The HSN has been used for almost 400
publications and follows the life courses of 0.75% of the births for the 1812–72 cohort. By
comparing the family reconstructions of those individuals born in Zeeland between the two
databases, we determine the quality of LINKS Zeeland for the study of multiple demographic
indicators. These insights show us whether LINKS Zeeland is a viable data set for research on the
intergenerational transmission of longevity.
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Figure 1.4. A page from the 1822 birth register of Axel, Zeeland
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2 Later-life mortality and longevity in late-18th- and 19th-century cohorts
Where are we now, and where are we heading?

Rick Mourits, Radboud University Nijmegen, the Netherlands.

ABSTRACT
The limits to the human life span are a widely discussed topic. Yet later-life mortality and longevity
are generally studied from a genetic perspective, while the social dimension has received less
attention. This chapter gives a systematic overview of trends in later-life mortality and longevity
for cohorts that were born in the late 18th and 19th centuries, and shows that the average
population and the top survivors from cohorts born between 1800 and 1850 were already
growing older. These improvements in human survival were similar for both of the sexes among
the top survivors, whereas gender equality in the life expectancy at age 50 grew rapidly in cohorts
born after 1880. Differences between populations were determined by the disease environment,
the availability of food, and local diets, while lifestyles and social support from spouses and kin
affected later-life expectancy and longevity within these populations. These findings have major
implications on how we view the demographic and epidemiological transition, and force us to
reconsider existing explanations for improvements in survival during the 19th century. However,
in order to find out the determinants of later-life mortality, the external validity of the results,
blind spots due to missing data, and familial clustering need to be studied more thoroughly.
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2.1 Introduction
Since the second half of the 19th century, mankind has been breaking the limits to life
expectancy1 (Oeppen & Vaupel, 2002). The mean survival at birth has increased mainly due to a
large decrease in infant and child mortality – and has been studied thoroughly – whereas the
impact of declining mortality later in life on the rise in life expectancy is less well understood.
Until recently, few indications existed on when most people died or how long the upper
percentiles of 19th-century cohorts lived. But with the ever-increasing digitization of data on
19th-century populations, a diverse body of literature has grown in which researchers use
microdata to study later-life mortality (life expectancy at age 50) or longevity (the top percentage
of long-lived cohort members) in 19th-century cohorts. This chapter discusses the studies that
have applied these microdata against the background of the lengthening lives in pre-20th-century
cohorts and interprets how novel insights give new directions for future research.
Two topics are discussed in this chapter. First, available historical demographic data on later-life
mortality and longevity in 19th-century cohorts are presented to find out when people started to
live longer. The speed and timing of improvements in human survival imply how strongly the
boundaries of human survival are coded into our DNA. Universal, long, and steady increases in
survival for both the average population and the top survivors show that non-genetic effects have
a large impact on the maximum human life span. The degree to which later-life mortality and
longevity are man-made is further stressed by the growth of a gender gap in later-life expectancy
for cohorts born in the second half of the 19th century. The gender inequalities in the longevity
revolution further emphasize that a search for non-genetic determinants of longevity is needed,
and can give an indication of why we have been growing (increasingly) older for the past 200
years.
Second, our understanding of how non-genetic factors affect later-life mortality has only
scratched the surface. The study of historical longevity is still in its infancy, and has not developed
a research framework. As a result, publications on the topic are scattered over multiple journals
and test a wide range of hypotheses on various populations from different time periods. To be
able to discuss this corpus of literature, our research findings are organized by the different
mechanisms that are expected to be at work: environmental circumstances, household
composition, social support, socio-economic status, and behaviour. In this chapter, I will discuss
all findings, their validity, and the implications for further research for each of these subfields, in
order to construct a framework that gives direction for further research.

1

It is important to note that life span, longevity, and life expectancy are different concepts. Life span gauges
the time for which an individual was alive: the age at death. Life expectancy is the mean number of years that
population members lived after a certain age, and longevity defines the top survivors of a cohort.
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2.2 Research findings
2.2.1 Historical trends in later-life mortality and longevity
Multiple studies have been using historical demographic data to study inheritance patterns of
later-life mortality and longevity (cf., e.g., Cilliers & Fourie, 2012; Cournil, Legay, & Schächter,
2000; Houde, Tremblay, & Vézina, 2008; Matthijs, Van de Putte, & Vlietinck, 2002). But, as most
authors themselves state, the effects of genetics should not be overstated. Multiple twin studies
have estimated that 73–85% of the length of the life span – that is, the age at death – is
determined by non-genetic effects2 (Gögele et al., 2011; Herskind et al., 1996; Kerber, O’Brien,
Smith, & Cawthon, 2001; Mitchell et al., 2001). Rapid increases in later-life expectancy for both
the general population and the longest-living over the past 200 years, as well as the development
of a gender gap in later-life expectancy, emphasize the importance of non-genetic effects on
survival in later life. These changes in later-life mortality can hardly be attributed to biological
factors, as evolutionary changes of this kind normally do not occur within only three to four
generations. Therefore, the rapid improvements in later-life expectancy and longevity must have
been caused by changes in human living conditions.
2.2.2 Trends in later-life expectancy and longevity
Historical trends in later-life mortality and longevity can be retrieved from two different data
sources: cohort life tables and small-scale population reconstructions. Cohort data from statistical
agencies show that both the average population and long-lived individuals continued to live
longer in Western Europe in the latter half of the 19th century. For people born between 1850
and 1923, both the life expectancy at age 50 and the average life span of the top 1% of survivors
increased in a linear fashion (HMD, 2016; Statistisches Bundesamt, 2006). As shown in Figure 2.1,
these increases in life span were similar for Denmark, Finland, France, Germany, Iceland, Italy,
the Netherlands, Norway, Sweden, and Switzerland. In a period of almost 75 years, the oldest in
society grew between 5.9 and 10.6 years older, while the general population saw its life
expectancy at age 50 rise by between 5.2 and 9.7 years. These increases in later-life expectancy
should come as no surprise, as these individuals reached age 50 after 1900, when infant and child
mortality began to decline rapidly. Moreover, the top 1% of the populations died after the Second
World War, and were known to have grown older over time.
Little is known about later-life survival in cohorts that were born before 1850. Projections on the
growth of life expectancy for these cohorts have been made by studying the Swedish cohort data

2

As longevity is likely to cluster within families, there is a strong indication that the heritability score of the top
survivors of a cohort is significantly higher than that of the average population (Sebastiani, Nussbaum,
Andersen, Black, & Perls, 2015). Nevertheless, it is highly unlikely that the familial clustering of longevity is
mostly dependent on genetic factors.
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(Wilmoth, 2000). In Sweden, the maximum reported age at death increased continuously for the
1760–1860 cohorts, but at a slower pace than for cohorts that were born in the second half of
the 19th century. Although this trend cannot be confirmed with countrywide data, an estimation
on earlier trends can be made by comparing regional population reconstructions, as they seem
to capture trends for the 1850–1900 period rather well.3 Enquiries on the Scanian Economic
Demographic Database found that the life expectancy at age 50 increased in a linear fashion for
18th- and early-19th-century cohorts in southern Sweden (Alter, Dribe, & Van Poppel, 2007;
Bengtsson & Broström, 2009; Bengtsson & Lindström, 2000, 2003). This trend, however, did not
apply for the Sami 1770–1850 cohort in northern Sweden, as life expectancy at age 50 and age
80 remained stable for men and even decreased for women (Karlsson, 2016). Later-life
expectancy and longevity thus seem to have increased in the less-isolated regions of Sweden, but
to have decreased for the Sami in northern Sweden.
Besides Sweden, data on pre-1850 cohorts is available for five other Western European countries
and two settler populations. Trends in later-life expectancy for early-19th-century cohorts have
also been estimated for Belgium, England, Finland, the Netherlands, and Switzerland. Studies on
early-19th-century cohorts from Sart (Alter, Dribe, & Van Poppel, 2007) and the Antwerp region
(Donrovich, Puschmann, & Matthijs, 2014) found non-significant increases in later-life
expectancy. Kannisto (2001) showed that the mode in later-life mortality increased for female
cohorts from England, Finland, the Netherlands, and Switzerland. Moreover, the maximum age
at death most probably also increased in these countries, as the maximum age at death increased
linearly for the Swiss 1821–88 cohort (Robine & Paccaud, 2005). Furthermore, Caselli, Peracchi,
Barbi, and Lipsi (2003) found that the percentage of men and women living to be 70, 80, and 90
years old grew linearly for the 1861–1901 cohort. This suggests that the universal increases in
later-life expectancy and longevity in Western Europe had already occurred for cohorts that were
born in the early 19th century, and possibly earlier.
A beginning to human life-span improvements is hard to pinpoint, as data on 18th-century
cohorts is only available for French Québec, the settler population of South Africa, and northern
Finland. Helle, Lummaa, and Jokela (2005) found no trend in life expectancy at age 45 for 1769–
1839 cohorts from northern Finland, but it is doubtful that this region best represents the general
population of Western Europe. Increases in later-life expectancy were not found for the 1680–
1750 cohorts from Québec (Gagnon & Mazan, 2009) or for the pre-1750 cohorts from South Africa
3

In line with results from the Human Mortality Database, the oldest old started to live longer halfway through
the 19th century, in Sardinia (Salinari & Ruiu, 2015), and in the settler colonies of South Africa (Cilliers &
Fourie, 2012) and Utah (Temby & Smith, 2014). Similarly, increases in later-life expectancy were found for 18
Italian regions (Caselli et al., 2003; Salinari & Ruiu, 2015), southern Sweden (Bengtsson & Broström, 2009),
Switzerland (Kannisto, 2001; Robine & Paccaud, 2005), and Utah (Lindahl-Jacobsen et al., 2013; Smith et al.,
2009), although the trend was less clear for three Dutch provinces (Alter, Dribe, & Van Poppel, 2007). This
overlap between the large-scale data sets and smaller-scale historical demographic studies shows that smaller
populations can be used to estimate changes in longevity and later-life expectancy over time.
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(Cilliers & Fourie, 2012). Yet late-18th-century cohorts from South Africa seemed to be the first
to start to grow older, indicating that, just as in Sweden, the longevity revolution had already
started in the early 19th century. These improvements in life span for pre-19th-century cohorts
occurred well before improvements in preventive medicine, public health, and dietary knowledge
came into force, which raises a lot of theoretical questions with regard to for whom, and as to
why, health was improving in the 19th century.
Figure 2.1. Life expectancy at age 50 and life expectancy for the top 1% survivors per cohort, by
country

2.2.3 Sex differences in later-life mortality and longevity
Increases in life expectancy at age 50 and for the top 1% differed dramatically between the sexes.
Nowadays, women live on average 4–6 years longer than men in modern populations (WHO,
2016). However, as shown in Figure 2.2, differences between men and women in later-life
expectancy and longevity radically increased for the 1850–1923 cohorts. Within the observed
cohorts, men attained only between 3.2 and 7.5 extra years, whereas women grew between 6.9
and 12.0 years older: a difference of 3.6 years. This development is most probably rooted in
behavioural differences between the sexes, as the top male survivors were much more similar to
their female counterparts than the average male population. The oldest women lived between
6.5 and 10.6 years longer in 1923 than in 1850, whereas men lived between 4.8 and 7.7 years
longer. As a result, the difference in male and female longevity increased by only 1.2 years, which
shows how important it is to distinguish between male and female survival, as well as between
exceptional and average survival in later life.
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Reconstructions of pre-1850 cohorts reveal that sex differences in later-life expectancy were also
quite small. Statistics on Sweden show that the difference between the oldest male and female
cohort members was very stable at 1.5 years for all cohorts born between 1760 and 1890.
Similarly, differences between the oldest members of both sexes grew only marginally, from 0.5
years to 1 year, between the 1776 and 1840 cohorts from Switzerland, after which the difference
grew a bit more rapidly between 1840 and 1890. Yet there is little evidence of a gender gap in
later-life mortality. No difference existed in the life expectancy at age 55 for cohorts from late18th-century southern Sweden (Campbell et al., 2004). In Tuscan Casalguidi, women from the
1815–59 cohort lived on average 1.5 years longer, whereas no gender gap was found for the
1800–83 cohort in Madregolo in Emilia (Campbell et al., 2004). In Belgium, Campbell et al. (2004)
find little difference between male and female life span at age 55 for 19th-century cohorts in
Belgian Sart, whereas Donrovich, Puschmann, and Matthijs (2014) find that mortality is higher
among men in the Antwerp region. Karlsson (2016) found, however, that a gender gap of 6.5 years
in life expectancy at age 50 disappeared in Sápmi in the first half of the 19th century. Generally,
environmental conditions and social factors affected the extent to which women were able to
express their genetic potential, especially before the 1860s.
The relatively stable sex differences in longevity, but growing differences in later-life mortality
during the late 19th century, demonstrate why the study of non-genetic factors is so important.
Unhealthy behaviour, living in an unhealthy environment, or lacking the right resources can easily
overshadow one’s genetic potential. Women might have always had the potential to outlive their
male counterparts, but on average women who were born in the first half of the 19th century did
not do so. To a large extent, environmental conditions and social factors affected the extent to
which women were able to express their genetic potential. Individual chances of having a long
life thus depend not only on individual characteristics, but also on gendered behaviour. To
understand why mankind has lengthened its life span over the past two centuries, and could
further unlock its potential in the future, non-genetic factors should be studied from a gender
perspective.
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Figure 2.2. Sex differences in life expectancy at age 50 and life expectancy for the top 1% survivors
per cohort, by country and sex

2.2.4 Determinants of later-life expectancy and longevity
The temporal variety in later-life mortality and longevity over the past 200 years shows that genes
do not define destiny. Recently, multiple researchers have started to use microdata to discover
the drivers of the longevity revolution. By determining whether certain population members had
a higher life expectancy at age 50 or were more likely to be longevous, they are unravelling the
mechanisms that triggered improvements in human survival. Most of these studies are
fascinating natural experiments that cannot be conducted on contemporary populations, as living
environments, households, kinship networks, socio-economic structures, and lifestyles have
changed dramatically over the centuries. By gauging which of the changes in these social
structures affected human survival in later life, a framework is being built that not only
determines the reasons for improved human survival, but also gives hints as to how human lives
can be lengthened as much as possible.
2.2.5 Early-life exposure to environmental effects
One of the most prominent improvements in the environmental conditions over the past 200
years is the decreased exposure to epidemics and famines. Already in 2000, researchers from
Lund University had shown the effects of exposure to infectious diseases in early life on later-life
mortality. In their study on the 1766–1839 cohorts from five parishes in Scania, Bengtsson and
Lindström linked the crude death rate in an individual’s birth year to lower rates of survival
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between ages 55 and 80. This effect was caused by infectious disease in the first year of life
(Bengtsson & Lindström, 2003), and affected men more strongly as they were impacted more by
whooping cough (Quaranta, 2013). Outside the Scania region, the negative effect of early-life
exposure to epidemics on later-life survival has yet to be established. For the same observation
period, Donrovich, Puschmann, and Matthijs (2014) studied whether exposure to major
outbreaks of cholera, malaria, measles, smallpox, or typhus during the first year of life affected
mortality past age 50, and found that exposure in fact increased later-life expectancy. Gagnon
and Mazan (2009), on the other hand, used the exact same measurement as the researchers from
Lund but in a different period, and found that infant mortality during the first year of life had no
effect on life expectancy at age 50 for the 1680–1750 Québec cohort. Neither of these studies
applied the study design that was used to study the Scania population. Therefore, replications of
the Lund studies are still necessary to determine whether epidemics had a scarring effect outside
southern Sweden.
The relationship between famine and later-life mortality is less well established. Studies on the
effects of food prices at birth, due to bad harvests, on later-life mortality have found no scarring
effect (Bengtsson & Broström, 2009; Bengtsson & Lindström, 2000, 2003; Campbell et al., 2004;
Gagnon & Mazan, 2009; Quaranta, 2013; Tsuya, Nystedt, Manfredini, Neven, & Campbell, 2004).
However, this does not mean that in utero and perinatal exposure to nutritional shocks did not
influence later-life mortality. These studies have been conducted on three 19th-century famines:
the Dutch potato famine of 1846–7, the 1855–6 famine in Utah, and the 1866–8 Finnish famine.
The study on the Dutch potato famine shows that men who experienced intra-uterine exposure
to the famine had a lower life expectancy at age 50 (Lindeboom, Portrait, & Van den Berg, 2010).
Hanson and Smith (2013), on the other hand, found little evidence for this claim in Utah, whereas
research on the Finnish food crisis (Doblhammer, Van den Berg, & Lumey, 2013; Kannisto,
Christensen, & Vaupel, 1997) showed that intra-uterine famine affected later-life mortality only
after increased variation within the male famine cohorts was taken into account. At first glance
there seems, thus, no relation between early-life exposure to famine and later-life mortality.
The contradictory results from the different studies are strongly related to the applied research
designs. The study on the Dutch potato famine only shows the bivariate relationship between
famine and later-life expectancy, as the multivariate models contain a misspecification. As soon
as background characteristics were taken into account, Kannisto, Christensen, and Vaupel (1997)
found no effect of the famine at all, whereas Hanson and Smith (2013) found a weak positive
effect for the female spring cohort of 1856 on later-life survival that was most probably caused
by multiple testing. It thus seemed that perinatal famine had no effect on later-life mortality.
However, in a restudy of the 1866–8 Finnish famine, Doblhammer, Van den Berg, and Lumey
(2013) found that famines could have a scarring effect. After controlling for frailty, male life
expectancy at age 60 turned out to be lower in the three cohorts that were born during the
famine. This effect was previously hidden by increased variation within male mortality. The
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variation in female mortality, on the other hand, was barely affected by the famine, which could
explain why female life expectancy was not affected by the famine. But the authors do not
address the question of why the variation in later-life expectancy increased. Most probably, the
scarring effect of the Finnish famine relies on a characteristic that still needs to be found. Future
studies should therefore be focused on identifying the variables that determine the scarring effect
of famines; for example, by studying whether the scarring effect of a famine clusters within
specific families.
2.2.6 Later-life exposure to environmental effects
Besides the early-life environment, later-life environmental characteristics also play an important
role in later-life mortality. Within the general literature on mortality, authors have hinted at the
possible effects of urbanization, industrialization, geographical isolation, the disease
environment, and agricultural tradition (see, e.g., Devos & Van Rossem, 2015; Van Poppel, 1992).
Nevertheless, the influence of the later-life living environment on later-life mortality has received
little attention. So far, three studies have analysed the relationship between urbanization and
later-life mortality. The results from these studies have been mixed. A 2009 study found that both
male and female city dwellers from the 1680–1750 cohort in the Saint Lawrence Valley in Québec
lived shorter lives than the rural population at age 50, regardless of whether these people were
born in a rural or urban environment (Gagnon & Mazan, 2009). The same first author, however,
found that urban residence coincided with a higher life expectancy at age 50 for the 1809–69
cohort from neighbouring Saguenay–Lac-St-Jean, Québec (Gagnon et al., 2009). Temby and Smith
(2014) found the same result for the 1840–1909 Utah male cohort when they compared urban
and rural counties in Utah. Still, it is hard to interpret these contradictory results. All studies
measured urbanization dichotomously; that is, as urban/non-urban. This creates a concrete cutoff point, even though incremental differences in city size might have been more important than
the dichotomy between cities and rural towns. As a result, it is uncertain whether the different
findings indicate that the relationship between later-life mortality and urbanization varied by time
and place, or resulted from imprecise measurements.
To allow for a more in-depth study of long-lived individuals, Poulain, Herm, and Pes (2013) have
been identifying regions with an unusually high number of centenarians, so-called “Blue Zones”.
Hitherto, four areas with an unusually high proportion of centenarians have been observed: east
Sardinia, Okinawa, the Nicoya peninsula in north-west Costa Rica, and the Greek island of Ikaria.
By comparing these long-lived regions, insights should be generated into the ideal living
conditions for people who were born at the turn of the 20th century. A comparison between the
Sardinian municipalities has shown that in isolated regions, longevity depended on pastoralism
and, according to a 1930 health survey, a better-quality diet. According to the authors, this shows
that a traditional lifestyle with continuous physical activity, intensive family and community
support, and local food production produced many long-lived individuals (Poulain, Herm, & Pes,
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2013). Yet these findings are open to interpretation, as they are based on indirect measurements
and aggregated data.
Until a more systematic comparison between regions has been conducted, it cannot be concluded
that factors identified by Blue Zones research necessarily improved an individual’s chances of
living an exceptionally long life. The study of these four regions can give indications of
environmental factors that might have encouraged extreme longevity on the threshold of the
20th century. But it might also falsely dismiss environmental characteristics that decrease
mortality in later life. Since the number of regions that is being compared is so low, it is hard to
discern a pattern. With only five cases to study, similarities easily appear meaningful, even though
they may be based on pure chance. Conversely, important determinants of longevity can be
missed, as a single exception to the rule carries a lot of weight. Thus, the research on Blue Zones
can produce leads for further research, but it does not necessarily identify effects that are also
applicable to other situations. Multiple researchers have therefore been enriching large-scale
demographic data with contextual factors (Hanson, Smith, & Mineau, 2015; Hedefalk, Harrie, &
Svensson, 2015) to test hypotheses on the effect of agricultural tradition, altitude, disease
environment, geographical isolation, industrialization, urbanization, and water quality. These
data sets that combine demographic and environmental data will most probably shed light on the
extent to which and how the living environment in later life affected mortality and longevity.

Table 2.1. An overview of studies on determinants of later-life mortality and longevity for the late
18th and 19th centuries; environment
Determinant

Population

Cohort

Definition

Variable

Effect

1711–1839

Survival 55–80

Main variable

–

1663–1848

Survival 55–70 (m)
Survival 55–70 (f)

Main variable

–
None

Quaranta (2013)

Antwerp region

1800–59

LE50

Covariate

None

Donrovich, Puschmann,
& Matthijs (2014)

Quebec

1680–1750

LE50 (m)
LE50 (f)

Main variable

None

Gagnon & Mazan (2009)

Casalguidi
Madregolo
Sart
Scania

1815–59
1800–83
1757–1845
1711–1810

LE55

Bivariate

None
None
None
None

Campbell et al. (2004),
Tsuya et al. (2004)

Quebec

1680–1750

LE50 (m)
LE50 (f)

Main variable

None

Gagnon & Mazan (2009)

1711–1839

Survival 55–80

Covariate

None

1733–1844

Survival 50–80

Covariate

None

1663–1848

Survival 55–70 (m)
Survival 55–70 (f)

Main variable

–
None

Scania
Disease
environment

Food prices

Scania

26

Reference(s)
Bengtsson & Lindström
(2000, 2003)

Bengtsson & Lindström
(2000, 2003)
Bengtsson & Broström
(2009)
Quaranta (2013)

Finland

1866–8

Famine

Urbanization

LE60/80 (m)
LE60/80 (f)
LE60 (m)
LE60 (f)
LE50

Kannisto, Christensen, &
Vaupel (1997)
Doblhammer, Van den
Berg, & Lumey (2010)
Lindeboom, Portrait, &
Van den Berg (2010)

Main variable

None

Main variable

–

Bivariate

+

Main variable

None

Hanson & Smith (2013)

Covariate

–

Gagnon & Mazan (2009)

Netherlands

1846–7

Utah

1855–6

Quebec

1680–1750

Saguenay–LacSaint-Jean

1809–69

LE60 (m)

Covariate

+

Gagnon et al. (2009)

Utah

1840–1909

LE40 (m)
Top 1% (m)

Covariate

+

Temby & Smith (2014)

LE50 (m)
LE50 (f)
LE50 (m)
LE50 (f)

2.2.7 Household composition
Later-life mortality depended not only on the living environment but also on the availability of
socio-economic resources. The attainment of these resources depended heavily on household
composition, as many resources were shared more or less equally based on gender and age due
to hierarchical systems of redistribution in the household.
Seniority in the household was a significant indicator of later-life mortality. Being firstborn had a
negative effect for women from the 1855–71 Utah cohort (Hanson & Smith, 2013), whereas men
were unaffected. Both sexes, however, suffered from being born later in the birth order. In a
study on the Antwerp region, Donrovich, Puschmann, and Matthijs (2014) showed that the
negative effect of birth order on later-life mortality depended on the number of older brothers
that individuals had. Most probably, this resulted from the redistribution of resources within the
household, as not only older brothers, but also household heads, had lower mortality than other
household members. Research on the 1757–1845 cohort from Scania showed that household
heads had a better life expectancy at age 60 between 1895 and 1968, but not between 1815 and
1894 (Bengtsson & Dribe, 2011). The distribution of resources in both early and later life thus
impacted later-life mortality.
The number of adult household members seemed to be of less importance. A comparative study
applying descriptive data found that whether individuals suffered from living in a
multigenerational household differed widely between villages in northern Italy, Belgium, and
southern Sweden. After age 55, there was no relationship between the number of adult
household members and mortality for Casalguidi and Madregolo in northern Italy. In Belgian Sart,
however, having extra adult female household members increased life expectancy at age 55,
whereas in Swedish Scania having multiple adult male household members decreased life
expectancy at age 55 (Breschi, Derosas, Manfredini, & Lee, 2004; Lee et al., 2004; Tsuya et al.,
2004). This indicates that the effect of adding an extra household member to a household is
largely dependent on local family systems. As a result, the effect of adding an extra member to a
27

household can only be understood if regions with different systems of intergenerational care are
studied. Nevertheless, these results should be interpreted with caution, because they were
retrieved from bivariate statistics on small samples and are not corrected for similarities between
household members.
There might be an effect of the number of offspring on maternal survival, although this effect is
also estimated to be small. Studies conducted for the 1990s generally found that the bivariate
relationship between the number of children and later-life mortality was U-shaped, with the
lowest mortality for women who have two or three children (Hurt, Ronsmans, & Thomas, 2006).
However, a new wave of studies – inspired by Westendorp and Kirkwood (1998) – that
incorporated multiple variables has not been able to find a clear effect (Le Bourg, 2007). For
cohorts from 1679–1839 Sami parishes (Helle, Lummaa, & Jokela, 2005), 1700–1899 rural Finland
(Korpelainen, 2000), and 1720–1870 Ostfriesland (Lycett, Dunbar, & Voland, 2000), no effect was
found. In the 1860–95 Utah cohorts, a negative relationship was found (Smith, Mineau, & Bean,
2002); whereas in immigrant and native 1608–1700 cohorts in Québec, a positive relationship
was found (Le Bourg, Thon, Légaré, Desjardins, & Charbonneau, 1993). Although an effect of
sibship size on maternal later-life mortality cannot be ruled out, most probably it is so small that
it is easily subdued by other non-genetic factors. Therefore, the relationship can only be tested if
researchers feel that they can control sufficiently for non-genetic effects.

Table 2.2. An overview of studies on determinants of later-life mortality and longevity for the late
18th and 19th centuries; household composition
Determinant

Population

Cohort

Definition

Variable

Effect

Antwerp region

1800–59

LE50

Main variable

+

Utah

1855–71

LE50 (m)
LE50 (f)

Covariate

LE60

Covariate

LE55

Bivariate

1679–1839

–/+ LE50

Main variable

None

Helle, Lummaa, &
Jokela (2005)

1700–1899

Survival 50–79 (f)
Survival 50–79 (m)
LE80 (f)
LE80 (m)

Main variable

None

Korpelainen (2000)

Firstborn
Household
head
Household
size

Scania
Casalguidi
Madregolo
Sart
Scania
Northern
Finland
Rural Finland

1755–1840
1841–1900
1815–59
1800–83
1757–1845
1711–1810

Offspring*

None
–
None
+
None
None
None
–

Reference(s)
Donrovich, Puschmann
& Matthijs (2014)
Hanson & Smith (2014)
Bengtsson & Dribe
(2011)
Lee et al. (2004),
Tsuya et al. (2004),
Breschi et al. (2004)

Lycett, Dunbar, &
Voland (2000)
Smith, Mineau, & Bean
Utah
1860–95
LE60
Main variable +
(2002)
Note: See also reviews by Helle, Lumma, and Jokela (2005), Hurt, Ronsmans, and Thomas (2006), and Le Bourg (2007).
Ostfriesland

1720–1870

LE50

Main variable
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None

2.2.2.8 Social support
Later-life mortality was not only the result of kin rivalry, as family members also supported one
another. Multiple studies, for example, have shown that men were dependent on their wives for
survival in later life. In France, Utah, the Belgian towns of Antwerp and Sart, and Scania, (male)
singles had a lower later-life expectancy (Bengtsson & Dribe, 2011; Donrovich, Puschmann, &
Matthijs, 2014; Gellatly & Störmer, 2015; Hanson & Smith, 2013). Similarly, widowerhood
negatively affected male chances of a long life. The death of a spouse was detrimental to male
survival in later life in Utah (Smith et al., 2009b), Scania, and Sart (Alter, Dribe, & Van Poppel,
2007; Lee et al., 2004; Tsuya et al., 2004). However, this effect was absent in the Dutch provinces
of Friesland, Utrecht, and Zeeland (Alter, Dribe, & Van Poppel, 2007) and the northern Italian
settlements of Casalguidi, Madregolo, and Venice (Breschi et al., 2004; Lee et al., 2004; Tsuya et
al., 2004).
How widowhood affected later-life mortality seems to have depended on the support that
parents received from their children. In Friesland, Utrecht, and Zeeland (Alter, Dribe, & Van
Poppel, 2007), the impact of widowhood on later-life mortality was determined by the number
of children a woman had. Similarly, mothers from the 1680–1750 cohort in Québec profited from
the number of children that reached age 50 (Gagnon & Mazan, 2009). In the 1755–1840 Utah
cohort, childless men also tended to live shorter lives. However, such an effect was not present
for childless women in Utah (Hanson & Smith, 2013), and for childless women from the 1800–60
cohort in the Antwerp region there was even a positive effect on later-life expectancy. This
indicates that children were needed to support their parents in their old age.
Whether, in addition to parents and offspring, siblings were also sources of support in later life is
less well known. However, in an in-depth study on the Belgian Antwerp region, Donrovich,
Puschmann, and Matthijs (2014) tested whether having living younger sisters at age 50 affected
men and women differently. Women profited from having younger sisters in later life, as they
increased life expectancy at age 50, whereas men’s mortality in later life was not affected by the
number of younger sisters. This marks a first step in uncovering the effect of social support on
survival in later life. Future studies would do well to focus on regional differences in household
systems and take the relationships within families into account.
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Table 2.3. An overview of studies on determinants of later-life mortality and longevity for the late
18th and 19th centuries; social support
Determinant

Widowhood

Widowerhood

Elderly
support

Sibling
support

Population

Cohort

Definition

Variable

Effect

Reference(s)
Gellatly & Störmer
(2015)
Bengtsson & Dribe
(2011)

France

1748–1851

Survival per year

Bivariate

–

Scania

1757–1845

LE60

Covariate

–

Utah

1855–6

LE50 (m)
LE50 (f)

Covariate

–

Hanson & Smith (2013)

Sart
Netherlands
Scania
Casalguidi
Madregolo
Venice
Utah

1762–1849
1800–1955
1766–1845
1815–59
1800–83
1800–20
1850–1900

LE50

Main variable

–
none
–

Alter, Dribe, & Van
Poppel (2007)

Survival 55–74

Covariate

none

Breschi et al. (2004)

LE50

Covariate

–

Antwerp region

1800–59

LE50

Covariate

+

Quebec

1680–1750

LE50

Covariate

+

Netherlands

1800–1955

LE50

Covariate

+

Utah

1755–1840

LE50

Covariate

–

Antwerp region

1800–1859

LE50

Main variable

+

Quebec

1680–1750

LE50 (m)
LE50 (f)

Covariate

+

Smith et al. (2009)
Donrovich,
Puschmann, &
Matthijs (2014)
Gagnon & Mazan
(2009)
Alter, Dribe, & Van
Poppel (2007)
Hanson & Smith (2014)
Donrovich,
Puschmann, &
Matthijs (2014)
Gagnon & Mazan
(2009)

2.2.9 Socio-economic position
The total level of familial resources in 19th-century cohorts was of less importance than the
distribution of resources within the household. In most regions, differences in socio-economic
position were found to have no or marginal impact on later-life mortality, even though socialclass coding systems differed wildly. In a study on Dutch married women born between 1850 and
1889, few differences were found between wives of unskilled, semi-skilled, non-manual, and
supervisory workers or landless persons and holders of small and large properties (Alter, Dribe, &
Van Poppel, 2007). In Scania, social power (SOCPO) at age 60 was unrelated to mortality after age
60 (Bengtsson & Dribe, 2011) and, for the Antwerp region, Donrovich, Puschmann, and Matthijs
(2014) found no effect of social class (HISCLASS 4) on mortality after age 50. There thus seems
little evidence of a relationship between socio-economic and later-life mortality for individuals
who were born in the 19th century.
A positive effect of socio-economic status (Nam–Powers) on later-life expectancy has, however,
been found consistently for the Utah population. Smith et al. (2009b) found a strong negative
relationship between socio-economic status at death and later-life mortality for the 1850–190030

born Utah population. In an in-depth study on the relationship between familial longevity and
socio-economic status, Temby and Smith (2014) found that a higher Nam–Powers score increased
both the LE40 and the odds of belonging to the top 5% of survivors. The different results from the
Utah studies could simply indicate that the Utah population is different from the other
populations, or that the Nam–Powers index is a better measurement for socio-economic position.
However, it is more likely that a better measurement of intra-family effects influenced the results.
All studies on Utah compared sibling pairs and thus controlled for familial clustering of socioeconomic positions. Future studies on later-life mortality should therefore control for the
similarity between siblings in socio-economic positions.
A lot of papers have also focused on the effects of landownership, as those with land were
deemed food secure. Farmers from the late-19th-century Utah and Saguenay–Lac-Saint-Jean
cohorts tended to live longer than non-farmers (Gagnon et al., 2009; Temby & Smith, 2014).
However, this effect was not present for early-19th-century cohorts from the Antwerp region,
and children of farmers even had higher later-life mortality (Donrovich, Puschmann, & Matthijs,
2014). For 18th-century cohorts from southern Sweden, there were no general differences
between freeholders, tenants, crofters, and the landless in later-life mortality. But, strong period
effects show that freeholders, tenants, crofters, and the landless reacted differently to the
challenges that occurred over time (Bengtsson & Broström, 2009). A study on the Scanian 1766–
1839 cohort, furthermore, showed that farmers had higher mortality between age 55 and 80 and
were less likely to die of old age – that is, not of airborne or non-infectious diseases – than artisans
and cottagers, but suffered less from fluctuations in food prices than cottagers (Bengtsson &
Lindström, 2000). Farmers were, in other words, subjected to different hardships than city
dwellers. This shows that later-life survival was dependent on behaviour within a historical
context, which indicates that not only social class, but also occupation-associated, behaviour
should be studied.
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Table 2.4. An overview of studies on determinants of later-life mortality and longevity for the late
18th and 19th centuries; socio-economic position and food security
Determinant

Social class

Food
security

Population
Sart
Netherlands
Scania

Cohort
1762–1849
1800–1955
1766–1845

Definition

Variable

Effect

Reference(s)

LE50

Covariate

None

Alter, Dribe, & Van
Poppel (2007)

Scania

1757–1845

LE60

Main variable

None

Antwerp region

1800–59

LE50

Covariate

None

Utah

1850–1900

Covariate

+

Smith et al. (2009)

Utah

1840–1909

Main variable

+

Temby & Smith (2014)

Antwerp region

1800–59

LE50

Covariate

–

Donrovich,
Puschmann, &
Matthijs (2014)

Saguenay–LacSaint-Jean

1809–69

LE60 (men)

Main variable

+

Gagnon et al. (2009)

1766–1839

Survival 55–80

Main variable

+

1757–1845

LE60

Main variable

+

Covariate

+

Smith et al. (2009)

Main variable

+

Temby & Smith (2014)

LE50 (m)
LE50 (f)
LE40 (m)
Top 1% (m)

Scania

Utah

1850–1900

Utah

1840–1909

LE50 (m)
LE50 (f)
LE40 (m)
Top 1% (m)

Bengtsson & Dribe
(2011)
Donrovich,
Puschmann, &
Matthijs (2014)

Bengtsson & Lindström
(2000)
Bengtsson & Dribe
(2011)

2.2.10 Behaviour
Of all the individual-level effects, behaviour seems to have had the largest impact on later-life
mortality. Information on the effects of 19th-century lifestyles on later-life mortality has recently
become available through two landmark studies. These studies on the late-19th-century Utahn
and Sardinian populations are landmarks, as they show that the impact of behaviour on later-life
expectancy and longevity can still be studied through the use of natural experiments or detailed
historical reports. By combining qualitative insights with precise testing of hypotheses,
researchers in Utah showed that drinking and smoking can explain half of the gender gap in laterlife expectancy that grew between men and women, and Pes et al. (2013) proved that healthy
diets lengthen human life span.
Lindahl-Jacobsen et al. (2013) studied whether Mormon settlers in Utah fared better than their
non-converted countrymen. The Church of Jesus Christ of Latter-day Saints (LDS) discourages
drinking and smoking, which should result in lower later-life mortality. A comparison of the life
expectancy at age 50 between Danes, Swedes, and Utahns of Danish or Swedish decent from the
1850–1910 cohort showed that the life expectancy at age 50 of Danes, Swedes, and non-LDS
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members in Utah did not differ. Active members of the Mormon Church, however, had a
significantly higher life expectancy at age 50 than inactive and non-LDS members and, as a later
study showed, a higher chance of belonging to the oldest 5% of the Utah population (Temby &
Smith, 2014). Men profited most from active LDS membership, as active members of the LDS lived
on average 2–4 years longer than inactive or non-members. For women, the benefits of LDS
membership were much smaller, as differences between non-members and members were
limited to 1 year. This indicates that the sex differences in later-life mortality that grew in the
latter part of the 19th century are, for about 50%, attributable to smoking and drinking, and for
the rest are rooted in other trends.
Pes et al. (2013) studied the influence of lifestyle on the chance of becoming a centenarian on a
municipal level for men. Municipal data was gathered from a 1934 questionnaire on diet,
occupation, and physical condition, the 1929 agrarian census, and contemporary geographical
data. Male inhabitants from regions with high-terrain slopes had a better chance of becoming a
centenarian. Although these men were about as tall as other Sardinians, their chest
circumference was a bit larger, which indicates a better physical condition. Besides living in a
mountainous region, two other explanations were found for this result. First, inhabitants of these
municipalities had a healthier diet and consumed less wine and more barley. There was, however,
no effect from meat, wheat, nut, or cheese consumption. Second, male centenarians were more
common in municipalities with more pastoralists. According to the authors, pastoralists had an
active lifestyle with physically less intensive, but more continuous, labour than farming.
Moreover, they kept working until relatively high ages. Good nutrition and prolonged physical
activity might thus be very beneficial for survival, yet these results are retrieved from indirect
measurements and need to be replicated in other regions.
Table 2.5. An overview of studies on determinants of later-life mortality and longevity for the late
18th and 19th centuries; behaviour
Determinant

Population

Cohort

Variable

Effect

Main variable

–

Covariate

–

Temby & Smith (2014)

1900–13

Definition
LE50 (m)
LE50 (f)
LE40 (m)
Top 1% (m)
Male centenarian

Alcohol and
tobacco
consumption

Utah

1850–1910

Utah

1840–1909

Diet
Physical
activity

Sardinia
Sardinia

Main variable

+

Pes et al. (2013)

1900–13

Male centenarian

Main variable

+

Pes et al. (2013)

33

Reference(s)
Lindahl-Jacobsen et al.
(2009)

2.3 Conclusion
Due to the improvement of living environments, the eldest in society were already growing older
before the 20th century. This is interesting, as improvements in later-life mortality and longevity
occurred for all 19th-century cohorts under study. Moreover, data on Sweden even shows that
the maximum human life span was already lengthening for 18th-century cohorts. Consequently,
the moment at which later-life expectancy and longevity started to increase is unknown, which
has major implications on how we view the demographic and epidemiological transition. Future
research should therefore reconsider existing explanations for improvements in survival during
the 19th century, and reconstruct when and why the lives of the oldest were lengthening. This
search will shed new light on the demographic and epidemiological transition, and could force us
to rethink these frameworks altogether.
The necessity to rethink explanations for the longevity revolution is further stressed by gender
inequalities in later-life expectancy and longevity. The data shows that differences in longevity
between men and women have always existed and are more or less stable over time. However,
the differences in life expectancy at age 50 changed strongly over time and were not uniform
between countries. Inequalities in average male and female survival started growing from the
1870s onwards, whereas they were small to non-existent for cohorts born earlier in the 19th
century. This indicates that the adverse circumstances for women were quite strong during the
19th century, and that the severity of these circumstances differed greatly between communities.
Comparative studies should therefore be able to yield new insights into how gender inequality
could negatively affect later-life mortality.
Demographic studies have shown that later-life expectancy is dependent on a wide array of nongenetic factors. In the research on historical longevity, a lot of ground has already been covered.
The first results from a wide range of studies have laid the groundwork for a theoretical
framework on longevity. Later-life mortality and longevity were to some extent determined by
the disease environment, the availability of food, and local diets. Within these communities,
social support from spouses and kin in later life was an important source for living a long life,
whereas the effects of socio-economic position had a smaller impact. But the most important
predictors of later-life expectancy and longevity were behavioural characteristics – such as
smoking, drinking, exposure to infectious disease, or maintained physical activity in later life –
that were strongly rooted in occupational, religious, and local practices. Taken together, these
environmental, familial, and individual factors form a theoretical framework that can start to
explain why human lives had lengthened for cohorts from the 19th century. By focusing on this
framework and making comparisons between regions for specific timeframes, reasons for
increases in later-life expectancy and longevity will be revealed.
Cautionary notes need to be made on the methodological state of the field, however. Studies on
19th-century cohorts tend to favour short descriptions of the data and in many publications the
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inescapable problem of missing data is not even mentioned. This is surprising, as the importance
of data quality can hardly be understated for studying mortality in later life. The long observation
period allows for migration in the populations under study. Moreover, even stayers might have
been excluded from analyses, as information on certain indicators was missing; for example,
occupation. This hampers the external validity of the data if specific groups are excluded from the
analyses. Therefore, any study on later-life mortality and longevity for 19th-century cohorts
would do well to discuss these blind spots in the data and analyses.
Second, few studies take clustering of later-life mortality and longevity into account. Yet
individual chances of having a long life depend on the living environment, the household
composition, familial support, socio-economic status, and lifestyle, which are not randomly
distributed among individuals. Moreover, studies of modern populations have also shown that
longevity is in many cases not an isolated hit, but is clustered within a limited number of families.
Long-lived individuals and their offspring age more healthily than other individuals (Ash et al.,
2015; Atzmon et al., 2004; Christensen, McGue, Petersen, Jeune, & Vaupel, 2008; Newman et al.,
2011; Slagboom et al., 2011; Terry et al., 2004, 2008). Hence, the clustering of non-genetic
determinants of later-life mortality and longevity have probably distorted existing research
findings. To understand how specific families encouraged longer lives, the relationship between
these factors and mortality in later life needs to be studied further.
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2A Appendix
Table 2A.1. An overview of studies into the development of later-life mortality and longevity for
late-18th- and 19th-century cohorts
Country

Population

Cohort

Definition

Reference(s)
Donrovich, Puschmann, &
Matthijs (2014)

LE50
LE50
Mode
LE45
mode

Trend
n.s.
(+)
n.s.
(+)
None
+
+
None
+

Antwerp region

1800–59

LE50

Sart

1812–49

LE50

Quebec
Denmark
England (f)
Sami parishes (f)
Finland (f)
Villagrande Strisaili
(Sardinia)
Italy (f)
Italy (m)
Friesland, Utrecht,
Zeeland
Netherlands (f)

1680–1750
1850–1910
1741–1890
1679–1839
1751–1895
1866–1910

LE80

+

Salinari & Ruiu (2015)

1861–1901

% surviving to
70/80/90

1850–89

LE50

1750–1895

Mode
LE50
Top 5%
LE50
Top 5%

Belgium
Canada
Denmark
England
Finland

Italy

Netherlands

1770–1850

LE50/LE80

1766–1845
1733–1844

LE50
Survival 50–80

++
+
n.s.
(+)
+
None
None
+
+
–
None
+
+

Scania

1711–1839

Survival 55–80

+

Sweden

1850–1910
1760–1865
1865–90
1776–1893

LE50
Oldest cohort
member
Mode
Oldest cohort
member
Oldest cohort
member
LE50
Top 5%
Mode

+
+
++
+
None
None
+
+
+
+
+

1600–1750
South Africa

Settler population
1751–1900
Sápmi (f)
Sápmi (m)
Scania (f)
Scania

Sweden

Sweden

Switzerland

USA

Switzerland (f)
Switzerland (f)
Switzerland (m)
Switzerland (f)
Switzerland (m)
Utah
Utah
USA (f)

1776–1820
1821–88
1850–1900
1840–1909
1831–95
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Alter, Dribe, & Van Poppel (2007)
Gagnon & Mazan (2009)
Lindahl-Jacobsen et al. (2013)
Kannisto (2001)
Helle, Lummaa, & Jokela (2005)
Kannisto (2001)

Caselli et al. (2003)
Alter, Dribe, & Van Poppel (2007)
Kannisto (2001)
Cilliers & Fourie (2012)

Karlsson (2016)
Alter, Dribe, & Van Poppel (2007)
Bengtsson & Broström (2009)
Bengtsson & Lindström (2000,
2003)
Lindahl-Jacobsen et al. (2013)
Wilmoth (2000)
Kannisto (2001)
Robine & Paccaud (2005)
Smith et al. (2009b)
Temby & Smith (2014)
Kannisto (2001)

Table 2A.2. An overview of studies into gender gaps in later-life mortality and longevity for late18th- and 19th-century cohorts
Country

Population

Cohort

Definition

Gender
gap

Antwerp region

1800–59

LE50

+

Sart

1812–49

LE50

None

Belgium

Denmark

Denmark

Italy

Casalguidi (Tuscany)
Madregolo (Emilia)
Villagrande Strisaili
(Sardinia)
Sápmi (Sami)
Scania

Sweden

Sweden
Sweden

Switzerland

Switzerland

USA

Utah

1850–80
1890
1900
1815–59
1800–83
1866–1910
1800
1850
1711–1810
1850–80
1890
1900
1760–1890
1776
1840
1890
1850–65
1880
1900

LE55
LE55

2 year
2.5 years
5 years
1.5 years
None

LE80

+

LE50

LE50
LE55
LE50
Oldest cohort
member
Oldest cohort
member
LE50
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5.5 years
None
None
2.5 years
4 years
5 years
1.5 years
0.5 years
1 year
2 years
1 year
3 years
6 years

Reference(s)
Donrovich, Puschmann, &
Matthijs (2014)
Alter, Dribe, & Van Poppel
(2007)
Lindahl-Jacobsen et al. (2013)
Campbell et al. (2004)
Campbell et al. (2004)
Salinari & Ruiu (2015)
Karlsson (2016)
Campbell et al. (2004)
Lindahl-Jacobsen et al. (2013)
Wilmoth (2000)
Robine & Paccaud (2005)

Lindahl-Jacobsen et al. (2013)
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ABSTRACT
In demographic research, large-scale individual-level data has become increasingly available. At
the same time, it remains unknown how varying sources affect the reconstruction of individual
life courses and families in databases. In this chapter, we conduct individual-level comparisons of
family and life-course reconstructions of 495 individuals simultaneously present in two wellknown Dutch data sets: LINKS Zeeland and the HSN. The first data set is based on a province’s full
population vital-event registration data; the other is based on a national sample of birth
certificates, after which individuals were followed in population registers. We compare indicators
of fertility, marriage, and mortality, and measurements of the occupational status of individuals
found in both databases and conclude that reconstructions in both the HSN and LINKS reflect
each other well. LINKS provides more complete family information on siblings and parents,
whereas the HSN provides more complete life-course information, especially for individuals who
migrate out of Zeeland. Life-course and family reconstructions based on linked, fragmented
observations on individuals constitute a reliable alternative to such reconstructions based on
continuous observations from population registers.
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3.1 Introduction
Demographic research is increasingly conducted on large-scale data sets. Underlying these
databases are sources such as population registers, parish registers, registrations of vital events,
censuses, and genealogical databases. These sources have been used to reconstruct families,
focusing on kinship networks, and individual life courses; for example, marriages, births, and
deaths. Names, ages, birthplaces, and other personal characteristics are used to link life-course
events to individuals, and individuals to each other into family networks. Over recent years, the
resulting databases have provided an impulse to various research fields and have been employed
for wide-ranging innovative research questions on topics, including early-life conditions (Van Dijk,
Janssens, & Smith, 2018), health, genetics (Van den Berg et al. 2019), the role of grandfathers in
determining socio-economic status (Knigge, 2016), widowhood and mortality (Alter, Dribe, & Van
Poppel, 2007), household structure and child mortality (Kok, Vandezande, & Mandemakers, 2011;
Riswick & Engelen, 2018), the health of migrants and return migration (Puschmann, Donrovich, &
Matthijs, 2017), the trade-off between fertility and longevity (Gagnon et al., 2009), and numerous
other topics.
As the databases rely on different source material and construction approaches – including
sampling and linking techniques – it is crucial to check the quality of life-course and family
reconstructions contained in newly developed databases. Ideally, family and life-course
reconstructions are cross-checked, not only to population-wide external sources, but also to
other sources containing individual-level information on the same people. Due to data
constraints, cross-checking is usually not possible. An exception is the work by Wisselgren et al.
(2014), who explored linking success by linking strategy using comparisons across databases.
However, the information contained in the resulting individual life-course and family
reconstructions has remained unexplored.
In this chapter, we show a comparison of life-course and family reconstructions for the same
individuals in demographic data sets using two different, independent data sources: one based
on the Dutch population registers and the other based on Dutch vital-event registers. Our purpose
is twofold: to investigate the extent to which life courses and family reconstructions are
represented similarly in the two databases, which employ different source material, and to
determine the suitability of the data for different research questions, including questions on life
spans and mortality, marriage behaviour, and fertility. The results are of interest to researchers
working with demographic individual-level data – continuous observations from sources such as
population registers, and more fragmented observations originating from sources such as vitalevent registers and censuses.
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3.2 An overview of the literature
Earlier research focusing on the quality of individual-level, large-scale demographic databases has
used a variety of approaches that consider the characteristics of the source material and the logic
of the construction of the database (Delger & Kok, 1998; Gavrilov & Gavrilova, 2001; Kok,
Mandemakers, & Bras, 2009; Mandemakers, 2002). Some sources under-register females or
specific age-groups (Zhao, 1994), do not include historically and demographically relevant events
such as extramarital fertility and stillbirths, or do not include unmarried individuals or individuals
without children (Zhao, 2001). Other studies have used approaches based on internal consistency
of databases and comparisons to external data sources such as mortality statistics in life tables.
Gavrilov and Gavrilova (2001) judged the data quality of a genealogical database of royal and
noble families on completeness, accuracy, consistency, and representativeness, and observed a
skewed sex ratio in older generations, but relatively complete infant birth information. Kaplanis
et al. (2018) compared demographic information from genealogical family trees to external
sources and found that the data reflects historical events, international trends, and life-span
distributions quite well, although infant mortality is underestimated. Schellekens and Van Poppel
(2016) compared population-register data to national statistics and reported that in the Historical
Sample of the Netherlands (HSN) cohort life expectancies at age 30 may have some
overestimation for men, but not for women. Adams et al. (2002) concluded that observations on
migration in vital-event registrations reflected migration information in population registers (the
HSN) well. Ruggles (1992) observed that migration causes underestimation of population-level
demographic indicators, such as age at marriage, age at first and last birth, and mean number of
children. After migration, migrants are right-censored and demographic events are no longer
observed, causing an underestimation of the number of events as well as the mean age at the
corresponding events.
While approaches based on external data sources and false and missed links are useful
instruments with which to judge the quality of databases, they only yield insights into deviations
between databases and demographic realities at the aggregate level, such as differences in
mortality rates. Whether individual life courses and families are reconstructed accurately remains
an open question. Some efforts have been made in this direction, as linkage success and
percentages of correct matches across sources – such as censuses – have been used as an
indicator of data quality. Ruggles et al. (2018) emphasize that in most studies missed links (type
II errors) are given too much attention, at the expense of false links (type I errors). Both errors
may introduce bias into the life-course and family reconstructions. However, missed and false
links not only affect whether individuals are included in demographic databases, but also whether
their children, spouses, and parents are linked to them. As a consequence, life-course transitions
are more accurately incorporated in more complete databases. Due to issues relating to
frequently occurring names, name changes upon marriage, and variation in spelling across
sources, both false matches and failed matches may occur across data sources. Several studies
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have explored the success of linking strategies across databases; see, for instance, Wisselgren et
al. (2014) for comparisons between Swedish censuses and parish registers and Massey (2017) for
historical US data.
In addition to linking strategies, characteristics of the underlying data sources affect life-course
and family reconstructions. Civil registries record individual life-course events, whereas censuses
and population registers monitor households. Reconstructions using the civil registry can more
easily miss a vital event such as the birth of a child. Further, outmigrants are usually lost from
observation after their last observed vital event. At the same time, missing a single event – such
as the birth of a child or a relative’s marriage – does not necessarily end observations on individual
life courses. In censuses and population registers, observations are centred on households and
are relatively complete. Outmigration is commonly observed, providing researchers with a date
of last observation. However, once individuals leave households, their lives are not necessarily
followed further, limiting observations on family networks. Thus, both differences in source
material as well as strategies for following individuals across data sources are crucial for the
quality of reconstructed lives and families in historical databases.

3.3 Data
In the Netherlands, a unique opportunity has opened up to compare the individual life-course
and family reconstructions in two different types of data sets. The first is based on a sample of
birth certificates (the HSN) and contains continuous observations originating from the nationwide
population registers. The second is based on the civil registry of Zeeland (LINKS). Individuals born
in Zeeland who were included in the HSN can be identified in LINKS through an identifying
combination of municipality, year, and sequence number provided on each civil certificate.

3.3.1 The civil registry and LINKS

3.3.1.1 The civil registry
The Dutch civil registry is one of the oldest in the world and covered the entire country from 1812
onwards. Only in France (1792) and Belgium (1796) were civil registries introduced earlier. The
civil registry uses a precise municipal bureaucratic procedure that guarantees a high data quality.
Each year, municipalities were sent three sets of books to record births, marriages, and deaths.
For each vital event, the name and age of the individual, the parents, and/or the spouse were
recorded. Vital events were registered in duplicate and stored separately, in case of flooding or
fire. All pages of the registers were watermarked by a local judge and checked for completeness
at the end of the year (Vulsma, 1988). As a result, the recorded vital events are likely to represent
the population well. This is especially the case for marriages, which took place and were recorded
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at the city hall. Deaths were reported by family members in the municipality where the death
occurred. For deaths outside the municipality of residence, a copy of the death certificate was
sent to the home municipality. Further, births had to be reported to the municipality within three
working days, in principle by the father or – if the father was not known or absent – other
authorized persons, such as the midwife or doctor who attended the birth (Vulsma, 1988), or the
person in whose house the birth occurred, for single mothers often the maternal grandfather.
The Dutch civil registry of births, marriages, and deaths is a good source for life-course and family
reconstructions. All certificates contain the date of the event, the date of the registration (birth
and death certificates) and the place of registration, the name and age of the person reporting
the event, and the names and places of residence of the witnesses. Birth certificates contain the
name of the father if he is not the person present at the registration as well as the name of the
mother, and the name and sex of the child. Marriage certificates contain the occupation and place
of residence of both spouses, the names of the bride’s and groom’s parents, and – if they were
alive – their age and occupation. For death certificates, one of two persons reporting the death is
usually a spouse or parent. The civil registers of births, marriages, and deaths become public with
delays of 100, 75, and 50 years, respectively.

3.3.1.2 The LINKing System for historical family reconstruction (LINKS)
The LINKing System for historical family reconstruction (LINKS) is based on digitized certificates
from the civil registries, as indexed by the WieWasWie project, to reconstruct families. The
Zeeland 2017.01 release of the database contains around 700,000 birth certificates, 200,000
marriage certificates, and 650,000 death certificates. Multigenerational families were built using
linked marriage certificates, reconstructing life courses and families (see Figure 3.1). Of the births
in LINKS, 81% were linked to the marriage of their parents. In total, the data set contains almost
2 million persons, covering a maximum of seven generations. Individual life-course
reconstructions resulted from linking civil certificates of birth, marriage, and death: 68% of all
birth certificates and 66% of all marriage certificates were linked to a death certificate (Van Dijk,
2019a). The scope of the database is large regarding intergenerational networks of family
members, but observations are relatively fragmented for life courses, as these concern either
linked vital events or observations linked to these events. In addition, LINKS does not contain
information on addresses, co-residence of individuals, migration movements, and religion.
Indices of civil certificates of birth, marriage, and death were linked together, using combinations
of at least two pairs of names of individuals, spouses, and parents, combined with time
constraints based on age. Variations in the spelling of names, name changes, and the nonuniqueness of many names render family reconstruction a complicated task. To prevent missed
matches due to spelling variations, all first and last names were corrected for minor known
variations in spelling. All name combinations for at least two persons, the individual and one or
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two of his or her parents and possibly a spouse or child, were matched. In the data release used
here, certificates were only linked within the province of Zeeland, so that certificates of
individuals who outmigrated from Zeeland to another province in the Netherlands, or abroad,
were missed. This concerned a sizeable part of the population; for example, those who migrated
to Belgium and Rotterdam (Priester, 1998).

3.3.2 Population registers and the HSN

3.3.2.1 Population registers
Population registers were introduced in the Netherlands from 1850. The population registers
were maintained by each municipality in large books, organized by streets or neighbourhoods.
The registers contain information on households and their individual members. For each
household, the registers contain information on the family name, given names, sex, marital
status, birth dates, death dates, birth places, address, professions, and religious denominations.
For married couples, the head of the household was the male spouse. After his death, his widow
would remain the head of the household until her death or remarriage, or until she moved into a
household with an existing head (Stadsarchief Amsterdam, 2018). Relationships between the
members of the household are included in the registers from the perspective of the head of the
household, allowing the reconstruction of relationships between other household members.
Movements into and out of the household as well as births and deaths were continuously tracked.
The books containing the population registers were replaced every 10 years. Every 10 years, the
population registers were updated based on a nationwide census. This continuous registration
allows the follow-up of households for longer periods of time.
In the period of research of this chapter, two important changes in the population registries were
implemented. In 1920 – and earlier in the large cities – the population registration was no longer
ordered by street or neighbourhood, but by individual household, in a card system with separate
documents. From 1939 onwards, the registration was no longer focused on households, but on
individuals, by means of personal cards. Later, in 1994, this personal card system was completely
digitized. Nowadays, the system is known as the Personal Records Database (in Dutch:
Basisregistratie Personen, BRP) and is maintained on the national level. One year after a person’s
death, a summary of personal and family information becomes available for scientific and
genealogical research (CBG, 2019) and for specific research purposes a request can be made to
the Dutch government to directly access the BRP.
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3.3.2.2 The Historical Sample of the Netherlands (HSN)
In the HSN, life courses of a representative group of individuals in the Netherlands are followed.
The HSN enables research on detailed life courses of individuals from the 19th century for the
Netherlands (Knotter & Meijer, 1995; Mandemakers, 2000, 2002). The HSN is based on a sample
of birth certificates of all individuals born in the Netherlands, stratified by cohorts of 10 years for
the period between 1811 and 1922 and according to regional levels of population size. The sample
consists of 0.75% of the births for the period 1812–72 and 0.5% of the births for the period 1873–
1922. In total, the sample consists of about 85,500 individuals (IISG, 2018). Up to the present day,
about 40,000 of these 85,500 persons have been followed in the population registers throughout
their life course. In the HSN, these persons are referred to as “research persons” (RPs). The
population-register information in the HSN has been supplemented with information from the
Dutch birth and marriage certificates.
In the HSN release 2010.01, entries in population registers and on personal cards of 37,137 RPs
were made available (Mandemakers, 2002). For some regions, including Zeeland, the HSN starts
already in 1850, when the population registers were introduced. The database includes
information about the RPs’ household, including co-residents, occupation, and religion. In
principle, households were only followed as long as the RP was present in that household. Siblings
and other kin were eventually lost from observation when RPs moved out of the household or
died, after a follow-up to the end of the 10-year population-register period. For the period after
the implementation of family cards for individual households, the remaining family members
were followed for up to 40 or 50 years.
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Table 3.1. The expected availability of demographic indicators in the HSN and LINKS
HSN

LINKS

Availability on
data sources

Reason

Availability on
data sources

Reason

Parents
Marriages

Incomplete

Not included if parents were not in household; marriage
date of parents often not known

Incomplete

Not available for RPs who moved out of Zeeland

RPs
Sibship size

Incomplete

Not included if siblings died before follow-up of the RP,
or were born after the RP moved out of the household

Incomplete

Not available for RPs who moved out of Zeeland

Marriages of RPs

Incomplete

Incomplete

Not available for RPs who moved out of Zeeland

Fertility

Incomplete

Marriages incompletely registered in population
registers
Offspring not included if they died before registration;
no stillbirths recorded

Incomplete

Not available for RPs who moved out of Zeeland

Family relations

Not always clear

Clear

–

Occupation

Complete

Relations within household need to be logically
reconstructed for the period 1850–62; family relations in
the third or fourth degree may be unclear in subsequent
registers
Updated regularly

Incomplete

Later-life mortality

Complete

–

Incomplete

Not available for RPs who moved out of Zeeland; only
known when a vital event was registered; measured
relatively early in the life course
Not available for RPs who moved out of Zeeland

Extramarital fertility

Complete

Premarital fertility included; RPs who lived together but
were not married

No information

No information on extramarital fertility

Migration

Complete

Continuous follow-up of migration in the Netherlands

Incomplete

Only known when a vital event was registered; persons
are followed through Zeeland only

Children
Child mortality

Incomplete

No information on offspring outside the RP’s household

Incomplete

Not available for RPs who moved out of Zeeland
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Figure 3.1. Data structure for the HSN and LINKS

Notes: Both LINKS and the HSN can be used for life-course (top two rows) and pedigree reconstruction. The top row shows the information based on the
life-course reconstruction in the HSN. The second row shows the information based on the family reconstruction in LINKS. The pedigree shows, in general,
the available persons in LINKS and the HSN. The orange and grey colours represent the selection for the chapter which resembles the pedigree structure
that can be derived from the HSN.
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3.4 Structural differences between the HSN and LINKS
Because of the sampling procedure and independent sources of information, structural
differences exist between the databases in the life-course and family reconstructions (see Figure
3.1 and Table 3.1). First, in the HSN, life courses of RPs were traced using population registers,
allowing for the reconstruction of individual life courses and the multigenerational reconstruction
of RPs’ families. These reconstructions are based on population-register information about a
sample of RPs, and will therefore first and foremost reflect events occurring to these individuals.
This implies that family reconstructions were only available to the extent to which family
members cohabited with RPs. Questions with topics such as intergenerational and horizontal kin
relations – for instance, sibling similarities in mortality – can therefore not be answered. Second,
in LINKS, family reconstructions were based on indexes of vital-event registration data. LINKS is
not centred on a sample or a research person, but on entire families. Individuals were observed
when vital events occurred to them, their spouses, or their children. Consequently, the HSN is
primarily focused on life-course reconstruction and less on family reconstructions, whereas the
opposite applies to LINKS, in the sense that observations on life events are used to reconstitute
families. As the two databases both contain elements of life-course and family reconstructions,
but vary in the purpose for which they were built, and in their construction criteria and underlying
sources, they are likely to differ in the completeness of life-course and family reconstructions. We
will explore to what extent events of fertility marriage, migration, mortality, and occupational
careers were observed and differed between the HSN and LINKS, with the purpose of determining
the strengths and weaknesses of both databases.
Automatic record linking, as applied to LINKS, has two potential issues: missing links and false
links. Within the LINKS database, record linking was done in a conservative manner, limiting the
number of false links. Between an individual’s birth and marriage, and between marriages of
parents and children, we expect that the quality and quantity of links will be high. Birth certificates
had to be shown upon marriage, limiting the potential impact of misspelled names. More
problems may be expected with regard to linking birth and marriage certificates to death
certificates, as the names on death certificates were not controlled by means of other documents.
The same problem occurs when death certificates of children are linked with the marriage
certificate of their parents. Furthermore, to match death certificates to corresponding birth
certificates, accurate ages at death were necessary, which may not be present for reported deaths
that are not cross-checked with birth certificates. Therefore, the automatic record-linking
procedure will occasionally miss matches between vital-event certificates.
Some demographic information was not included in LINKS due to the characteristics of vital-event
registration in the Netherlands. First, in contrast to the HSN, LINKS does not encompass
unmarried cohabitation or extramarital children, which may lead to an underestimation of the
number of children or siblings. Second, certificates were only linked within the geographical area
of a province, so persons were lost if they migrated to another province. Thus, mortality in early
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life was most probably measured quite accurately, but certificates of deaths and marriages
occurring later in life may more often be unavailable. In addition, due to privacy regulations,
registers of deaths occurring after 1962 have not yet been released. Finally, key indicators such
as occupation and place of residence were only observed in concordance with vital events of
individuals, their spouses, or their children. Migration patterns and occupational careers can be
reconstructed from an individual’s civil certificates, as well as from their children’s civil
certificates. Death certificates contain occupational information if the deceased person had an
occupation at the time of death. Hence, more complete occupational and residential information
was available for RPs who married or had children. Moreover, most of these vital events occur
relatively early in life, so that later changes in place of residence and occupation could easily be
missed. For unmarried individuals, only vital events in the family of origin and one’s death
certificate will be observed.
In the HSN, there were no systematic observations of events occurring to the parental family
before the sampled RP was born. In addition, due to missing population registers for some periods
and places, observations on RPs do not always start at birth, leading to gaps in life-course and
family reconstructions. The implication is that siblings who reside elsewhere or died young may
not be included in the 10-year register in which the RP first appears. As a result, the count of all
known siblings reflects the count of surviving siblings – the net fertility – rather than the count of
all siblings ever born – that is, total fertility. At the same time, RPs’ children were identified very
accurately in the HSN, because RPs were followed for their entire life course. This is illustrated by
Janssens (1993), who showed for Tilburg (1849–99) that 99.8% of the children found in the birth
registers were identified in the population registers. At the same time, stillbirths and children who
died very soon after birth were often not included in the birth or population registers, but in the
death registers only (hereinafter, lifeless reported infants). These characteristics limit
opportunities for research on events early in the life course – such as exposure to sibling mortality
or the length of birth intervals – and research on intergenerational relations in longevity,
mortality, and fertility. However, as yet, the extent to which these characteristics affect
demographic estimates in the data is unknown.

3.5 Data construction and approach
For the comparison between the HSN and LINKS, we used persons identified in both databases
who were born between 1863 and 1872. Drawing on data from LINKS 2017.01 (Mandemakers &
Laan, 2017) and the HSN 2010.01 population-register release (HSN, 2018a,b), the 495 Zeelandborn individuals included in the HSN were traced in LINKS via unique identifiers of the birth
certificates. We analysed differences in the life-course and family reconstructions of RPs in the
estimation of key demographic and socio-economic indicators. This strategy balances exploring
linking success – which adds more spouses, children and siblings to an individual – and the
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accuracy of the reconstructed life courses and families – as missed links lead to lower estimations
of numbers of spouses, children, and siblings, but higher estimations for age at first reproduction
and marriage.
An overview of all available information in both data sets and the expected completeness is
provided in Table 3.1. For our analyses, we used the following indicators: sex, start and end dates
of observation (HSN) or first and last observation (LINKS), birth year, and death year. We counted
the number of siblings and children known, and the birth order of the RP in her or his family of
origin. With regard to the number of siblings and children, stillbirths and infants lifeless upon civil
registration were excluded, as they were not available in the HSN. In addition, we measured ages
at first and last childbirth. Furthermore, we noted whether RPs married or not, had children or
not, and their calculated age at first marriage and at death; we traced whether RPs migrated
within Zeeland, outside Zeeland (HSN), or never; and we tested the socio-economic position on
consistency between the two data sets using HISCLASS, a social-class scheme to classify historical
occupations (Van Leeuwen & Maas, 2011; Mandemakers et al., 2018).

Table 3.2. Available family ties in the HSN and LINKS for the selected 495 RPs from the 1862–71
Zeeland cohort
Relatives
HSN
Parents
RPs
Siblings
Spouses*
Children
LINKS
Parents
RPs
Siblings
Spouses
Children

Sample size

RPs with known
relatives (%)

932
495
1,447
233
1,060

475 (96)

814
495
2,804
188
810

407 (82)

336 (72)
138 (28)
196 (40)

413 (83)
177 (36)
151 (31)

Notes: The 233 spouses are identified using the population registers. These numbers are used in the chapter
itself. When adding marriage certificates to the population registers, we identified 237 spouses and 277
unmarried RPs. Combined, the population registers and marriage certificates identify 324 spouses and 270
unmarried RPs. The RPs with known relatives refer to the number of RPs with, for example, known parents (N
= 475). Spouses are based on the number of marriages. Hence, one RP could have had multiple spouses.
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3.6 Results
Table 3.2 presents the number of RPs for whom parents, siblings, and children could be identified.
In the HSN, 96% of the RPs had available parent information for a total of 932 parents. In LINKS,
82% of the RPs had available parent information for a total of 814 parents. In the HSN, 72% of the
RPs were identified with siblings, totalling up to 1,447. In LINKS, a total of 2,804 siblings could be
identified from 83% of the RPs: 233 spouses were found in the HSN (28% of the RPs) and 188
spouses were identified in LINKS (36% of the RPs). Lastly, 1,060 children were identified in the
HSN (40% of the RPs), whereas in LINKS 810 children were identified (31% of the RPs). The number
of individuals without spouses and children appears to be high. However, many individuals in
Zeeland did not reach reproductive ages, as infant and child mortality in Zeeland was very high,
reaching up to 50% in some municipalities and years (Van Dijk & Mandemakers, 2018; Van Poppel
et al., 2005).
Comparisons between the databases were conducted in two ways. First, we compared all
individuals for whom relevant observations can be expected in both databases separately, with
the purpose of exploring all life-course and family reconstructions (Table 3.3A). Because the mean
scores in this table were based on different RPs, these means must be interpreted for each data
set separately. Second, we analysed only the subsets for which we could reconstruct life courses
in an identical way. Hence, we selected individuals for whom a relevant observation may be
expected in both databases (Table 3.3B). Both tables show key demographic information for all
RPs for whom it is possible to know whether they experienced the demographic event. Cases
without information on the relevant selection criteria were not included. Differences between
the HSN and LINKS in the demographic indicators in Table 3.3B indicate differences in the
reconstructions of life courses and families between the HSN and LINKS, whereas differences in
these indicators in Table 3.3A may also be caused by differences between the subsets of
individuals for whom information was available.
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Table 3.3. The number of available cases and the mean score on demographic indicators after selection of the best cases in the HSN
and LINKS separately (A) and simultaneously (B)
Data selection

Siblings
Lived until age 30
Lived until age 30
Parents known
Parents known
Marriages
Lived until age 30
Lived until age 30
Ever-married
Children
Ever-married
Children identified
Children identified
Children identified
Migration behaviour
Lived until age 18
Lived until age 18
Lived until age 18
Age at death
All
Lived until age 18
Lived until age 50

Indicators

(A)
HSN
N (mean)

LINKS
N (mean)

(B)
HSN
N (mean)

HSN
N

LINKS
N

HSN + LINKS
N

LINKS
N (mean)

Number of RPs with identified
siblings (mean number of siblings)
Birth order
Number of RPs with identified
siblings (mean number of siblings)
Birth order

221

–

221 (3.9)

–

186

186 (3.8)

–

221
–

–
407

221 (1.8)
–

–
407 (6.7)

186
186

–
186 (1.8)

186 (6.6)
–

–

407

–

407 (4.2)

186

–

186 (4.0)

Ever-married*
Never-married*
Age at first marriage

221
221
137

146
146
178

122 (55.2)a
99 (44.8)b
137 (28.4)c

124 (84.9)
22 (15.1)
178 (26.3)

138
138
97

62 (44.9)a
776 (55.1)b
97 (27.7)c

118 (85.5)
20 (14.5)
97 (26.8)c*

No children identified*
Age at first childbirth
Age at last childbirth
Number of RPs with identified
children (mean number of children)

122
196
196
196

178
152
152
152

13 (9.5)d
196 (27.0)
196 (37.4)
196 (5.4)

26 (14.6)
152 (26.5)
152 (36.6)
152 (5.2)

97
146
146
146

8 (12.9)d
146 (26.8)
146 (37.4)
146 (5.4)

15 (15.5)d*
146 (26.6)
146 (36.8)
146 (5.4)

Never moved*
Moved within Zeeland*
Moved out of Zeeland*

236
236
236

157
157
157

62 (26.3)
78 (33.1)
95 (40.3)

90 (57.3)
67 (42.7)
–

149
149
149

56 (37.6)
71 (47.7)
21 (14.1)

86 (57.7)
63 (42.3)
–

All ages at death
Ages at death after 18
Ages at death after 50

409
236
204

313
157
134

409 (40.8)
236 (69.4)
204 (75.1)

313 (34.7)
157 (67.4)
134 (73.6)

306
149
126

306 (33.6)
149 (67.1)
126 (73.6)

306 (33.9)
149 (67.1)
126 (73.6)

Notes: Indicators in Table 3.3A do not concern the same RPs, as best cases are selected separately in the HSN and LINKS. Identical RPs are selected for
both the HSN and LINKS in Table 3.3B. All indicators with an asterisk (*) are categorical. Hence, N (mean) represents the number and the proportion of
RPs belonging to that subgroup. Marriages are based on the population registers in the HSN. The use of marriage certificates provides the following
numbers in Table 3.3A: (a) N = 194, mean = 87.8; (b) N = 27, mean = 12.2; (c) N = 137, mean=28.4; (d) N = 30, mean = 13.3. The use of the HSN marriage
registers results in the following numbers in Table 3.3B: (a) N = 120, mean = 87.0; (b) N = 18, mean = 13.0; (c) N = 177, mean = 27.7; (c*) N = 177, mean =
26.3; (d) N = 23, mean = 13.0; (d*) N = 26, mean = 14.7.
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3.6.1 Comparisons of demographic indicators in the HSN and LINKS
Table 3.3A shows that the mean number of siblings and the birth order were lower in the HSN
(3.9 and 1.8) than in LINKS (6.7 and 4.2). These results were similar for the 186 identical cases.
These differences are mainly a consequence of the research design of the HSN, in which siblings
are only observed if they are part of the RPs’ household. Therefore, information on siblings who
died young or who did not live in the household is often missing, leading to an underestimation
of sibship size in the parental household of the RP.
Within LINKS, marriages were available for 84.9% of the RPs aged 30 years and older, and the
mean age at first marriage was 26.3. In the population-register release of the HSN, marriages
were available for 55.2% of the selected RPs, with a mean age at marriage of 28.4. Table 3.3B
shows that for the 138 common RPs, marital information was available for 85.5% in LINKS and for
44.9% in the HSN. The mean age at first marriage in LINKS was, at 26.8 years, higher than in the
separate subset, whereas in the HSN it was lower, at 27.7 years. After combining the HSN
population registers with the HSN marriage certificates, we observed that marriages were
available for 87.0% of the RPs with a mean age at first marriage of 27.7 years (notes to Table 3.3).
The higher mean age at marriage in the HSN is partly caused by right-censored observations in
LINKS. Outmigration is known to cause underestimation of the number of events as well as of the
age at which demographic events occur (Ruggles, 1992). Nevertheless, the number of known
marriages is higher in LINKS than the HSN after we selected only individuals who married in
Zeeland. This is probably related to left truncation in the HSN, as not all RPs were followed for
their entire life course, so that second marriages were counted as a first marriage and hence the
age at first marriage was overestimated.
Table 3.3A shows that the mean numbers of identified children in the families of the RPs were
similar between both data sets: 5.4 children for RPs in the HSN and 5.2 in LINKS. However, the
number of RPs with identified children was lower in LINKS (N = 152) than in the HSN (N = 196).
Furthermore, the mean ages at first and last birth in LINKS (26.5 and 36.6 years) were lower than
in the HSN (27.0 and 37.4 years). The percentage of married couples without identified children
was 14.6% in LINKS and 9.5% in the HSN. Table 3.3B shows that for the 146 RPs who are included
in both data sets, the mean age at first childbirth was 26.6 in LINKS and 26.8 in the HSN. This
selection of common cases also showed the same mean number of children (5.4), although the
mean age at last birth is lower in LINKS than in the HSN and the percentage of married couples
without identified children is 15.5% in LINKS and 12.9% in the HSN. The smaller differences after
we select cases that are available in both data sets indicates that the higher number of childless
families and lower mean ages at first and last birth in LINKS are probably caused by right-censored
observations due to outmigration. In addition, the automatic linking procedure might have failed
to pick up certificates of later-born children and entire families altogether, as differences in mean
age at last birth and mean number of children remain after selecting identical RPs.
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The HSN and LINKS include different information on migration behaviour, as outmigration from
Zeeland was not observed in LINKS. Table 3.3A shows that, according to the HSN, 95 (40.3%) of
the RPs who were alive at age 18 migrated out of the province at some point in their lives. In
LINKS, 157 death certificates are available for the RPs who lived at least until age 18, suggesting
that these RPs either never left Zeeland or returned to Zeeland at a later age. The HSN indicated
that 140 RPs (59.6%) never lived outside Zeeland, of which 62 (26.3%) never moved at all, and 78
(33.1%) only moved within Zeeland. Vital events outside the place of birth of the RP, indicating
migration between municipalities within Zeeland, were identified for 67 RPs. This pattern was
similar when we compared identical individuals (Table 3.3B). In LINKS, we observed that 63
(42.3%) RPs who were observed after age 18 died in a municipality other than their municipality
of birth, whereas both vital events occurred in the municipality of birth for 86 RPs (57.7%).
According to the HSN, 56 RPs (37.6%) remained in their municipality of birth, 71 (47.7%) moved
within Zeeland and 21 (14.1%) lived outside Zeeland at some point in their lives. As about one out
of seven of the adults who were born and died in Zeeland lived for some time outside Zeeland,
assumptions about cross-provincial migration behaviour or a lack thereof should not be based on
the presence of vital events in LINKS.
The last rows in Table 3.3A present the number and mean age of death for all RPs for whom an
age at death was known and the mean ages at death for individuals reaching 18 and 50 years.
Because persons outmigrating from Zeeland are known in the HSN but not in LINKS, we expected
that in the HSN more ages at death would be known and that the mean age at death would be
higher. Indeed, fewer ages at death were known for RPs in LINKS than in the HSN, resulting in a
lower mean age at death in LINKS (34.7 years) than in the HSN (40.8). The difference between the
databases in the mean ages at death was smaller at higher ages. For those surviving until age 18,
the mean age at death was 67.4 in LINKS and 69.4 in the HSN; after age 50, the mean ages at
death were 73.6 and 75.1. An important reason for the declining difference over time is the lower
likelihood that middle-aged individuals will outmigrate (Kok, 1997). The mitigated differences
between the HSN and LINKS after identical cases were selected support our assumption that
selective availability of information for outmigrated individuals plays an important role.
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Figure 3.2. Matching for the number of siblings and children between the HSN and LINKS

Notes: The figure shows the matching for siblings and children of RPs between the HSN and LINKS: brown, exact
match; blue, more siblings or children identified in the HSN than in LINKS; green, more siblings or children
identified in LINKS than in the HSN. The legends on the left illustrate different data selections based on the HSN
or LINKS if explicitly stated. Numbers (N) per panel: A, 495; B, 407; C, 372; D, 123; E, 203; F, 116; G, 123; H, 80.
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Figure 3.3. A comparison between the HSN and LINKS for mortality data

Notes: Panel A shows the RPs by birth and death year and by first and last observations (HSN only) in absolute
numbers. Panel B shows the percentage of childhood mortality (mortality < 5 years) by database (HSN and
LINKS) and group (unselected and full life course). A full life course indicates that HSN RPs are observed from
birth. Panel C shows the mean (red) and median (black) ages at death by migration (staying, migration inside
Zeeland, and migration outside Zeeland) by database (HSN and LINKS). Panel D shows the availability of age at
death by migration for only the LINKS database in absolute numbers and percentages. Migration for RPs is
determined based on the HSN, since migration is not available in LINKS by definition of the source material.
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Figure 3.4. The HISCLASS score for RPs in the HSN and LINKS

Notes: Data on 73 RPs is available in the HSN and not in LINKS (40 males, 33 females). Data on 32 RPs is available
in LINKS and not in the HSN (seven males, 25 females). Data on 119 RPs is available in both the HSN and LINKS
(91 males, 28 females). Panel A shows the proportion of the highest available socio-economic status between
LINKS and HSN without any selections on the data in LINKS; panel B without the 73 missing RPs in LINKS; panel
C with information on death certificates used in LINKS; panel D with information on marriage certificates used
in LINKS; panel D with information on marriage and death certificates of RPs’ children used in LINKS.
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3.6.2 Comparing life-course and family reconstructions of RPs between the HSN and LINKS
Here, we take a closer look at deviations in individual life-course and family reconstructions.
Figure 3.2 shows whether estimations of outcomes in the HSN and LINKS deviate upwards,
downwards, or are identical. Because information may be more complete for some subsets of
individuals, four groups are included: individuals with (A) no selections, (B) known marriage
certificates for parents of siblings and known death certificates for RPs, (C) known migration
inside Zeeland, and (D) known migration outside Zeeland.
Without any selections on the data (Figure 3.2A), the number of siblings was higher for 69% of
the RPs in LINKS, whereas 16% of the RPs in the HSN contained more siblings. The differences
between the number of siblings in the HSN and LINKS were even more pronounced if a marriage
certificate of the parents was known in LINKS (Figure 3.2B). In LINKS, fewer siblings were found in
4% of all cases compared to the HSN, the same number of siblings was found in 13% of all cases,
and more siblings were found in 83% of all cases. Migration within Zeeland did not affect the
results (Figure 3.2C), whereas for RPs who migrated out of Zeeland, the number of siblings in
LINKS was lower than in the HSN in 22% of all cases, identical in 20% of the cases, and higher in
the remaining 58% (Figure 3.2D).
The number of children of the RPs was more similar between both data sets than the number of
children from the parents (siblings of the RP). Figures 3.2E–H show the difference in number of
children between the HSN and LINKS, which was calculated for RPs who had children identified in
either or both data sets. Without selections on the data, the HSN provided the most accurate
results. For 40% of all RPs, more children were found in the HSN than in LINKS, for 44% of all RPs
the same number of children was found in both data sets, and in the remaining 15% more children
were found in LINKS than in the HSN. The difference between family reconstructions in the HSN
and LINKS may have been caused by interprovincial migration, as births outside Zeeland are not
included in LINKS. To indicate the quality of the linking process, RPs unaffected by migration were
selected by requiring the availability of a Zeeland death certificate, thus excluding migration
effects. For these RPs, the same number of children was found in the HSN and LINKS in 63% and
59% of all RPs, respectively (Figures 3.2F and 3.2G). Where the number differed between the HSN
and LINKS, there was no clear distinction in performance between the databases: the HSN
performed better in some cases, whereas LINKS performed better in the others. If RPs moved out
of Zeeland, a larger number of children was found in the HSN in 73% of all RPs, the same result in
both sets in 21% of all cases, and a smaller number in the other 6%. Hence, the differences in
family reconstructions between the HSN and LINKS are caused by migration rather than linking
quality. In general, LINKS gives a better estimate of the number of siblings, whereas the HSN and
LINKS give a comparable number of children unless the RP moved out of Zeeland.
Figure 3.3 compares the available mortality information between both data sets in four panels.
Figure 3.3A shows that ages at death were known for 409 RPs (83%) in the HSN, whereas 313 RPs
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had an available age at death in LINKS (63%). The age at death overlapped in 304 cases (99%) for
whom a death certificate was available in both databases. Figure 3.3B presents childhood
mortality for three different groups: the RPs, their siblings, and their children. In the HSN
childhood mortality for RPs was estimated seven percentage points higher than in LINKS,
reflecting the good coverage of RP information in the HSN. Childhood mortality was estimated to
be twice as high for siblings and almost three times as high for children in LINKS compared to the
HSN. Furthermore, for RPs, the childhood mortality estimates were more accurate when selecting
RPs who were followed for their entire life course. Adult mortality estimates were influenced by
migration outside Zeeland. Figure 3.3C shows that for individuals who stayed in their municipality
of birth or who moved within Zeeland, the mean and median ages at death were similar between
both data sets. However, death certificates were not linked for 25% of the individuals who were
marked as stayers in the HSN and 21% of the individuals who were identified as internal migrants.
Some of these individuals might have survived the observation period, as death certificates are
not available after 1962, whereas for other cases death certificates were not linked due to spelling
and age variations. For RPs who left Zeeland according to the HSN, the mean and median age at
death is much lower in LINKS than in the HSN. The date of death is known for only 22% of all RPs
for whom we know, based on the HSN, that they lived outside Zeeland at some point in their life
course (Figure 3.3D). These return migrants have a significantly lower age at death than
interprovincial migrants who died outside Zeeland. Thus, LINKS contains a selective group of
return migrants and might have failed to link available death certificates due to spelling and age
variations.
Figure 3.4 shows the differences in socio-economic position between the HSN and LINKS based
on HISCLASS (Van Leeuwen & Maas, 2011). We present social class on the abbreviated HISCLASS
scale with five categories (Kok & Mandemakers, 2009): 1, Elite, subdivided into (1a) higher
managers and (1b) higher professionals; 2, lower middle class, subdivided into (2a) lower
managers, (2b) lower professionals, clerks, and sales workers, (2c) lower clerks and sales workers,
and (2d) foremen; 3, skilled workers, subdivided into (3a) medium-skilled and (3b) lower-skilled
workers; 4, farmers and fishermen; 5, unskilled workers, subdivided into (5a) lower-skilled farm
workers, (5b) unskilled workers, (5c) unskilled farm workers, and (5d) unspecified workers.
Figure 3.4 shows whether RPs in the HSN with an available HISCLASS-5 score had none, the same,
or a different score in the LINKS data set. Figure 3.4A shows that in total, 73 RPs had known socioeconomic information in the HSN but not in LINKS. The share of missing values varied between
38% and 45% for unskilled workers, skilled workers, and the lower middle class, was slightly higher
for the elite, at 56%, and only occurred for 14% of the farmers, indicating that farmers had a
better chance of being included in the LINKS data set than individuals with other socio-economic
positions. Figure 3.4B shows that HISCLASS scores were identical for 80% of the RPs for whom
occupational information was known in both data sets. All farmers in the HSN were also farmers
in LINKS. However, differences in social position were found for 22% of the others. Most
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discrepancies occurred for the elite (43%), more than for the lower middle class (24%) and skilled
workers (29%). Fewer differences were found for the unskilled workers (16%). Underestimation
of socio-economic status generally occurred when information on occupational status was not
known after marriage (Delger & Kok, 1998). Thus, lower scores in LINKS might be a consequence
of geographical mobility, which was higher for individuals with a better socio-economic position
(Ekamper, Van Poppel, & Mandemakers, 2007) and which, for the LINKS data set, also resulted in
having no occupational information on higher ages.
Figures 3.4C–E show comparisons of the occupational score in the HSN with three parts of the
LINKS data set: the RP’s death certificate, his or her marriage certificate, and the marriage and
death certificate of the RP’s children. The choice for a certain certificate determined the sample
size as well as the moment of observation. Occupations were only recorded on death certificates
if the deceased held an occupation at the time of death. As a result, occupational information on
death certificates is limited and only available for 29 cases, but the HISCLASS scores were very
similar between the data sets. No different socio-economic positions were found for the elite, the
lower middle class, and the farmers, whereas 29% of the unskilled workers and 33% of the skilled
labourers held a different socio-economic position on their death certificates than in the
population registers. Marriage certificates were available for 112 RPs, of whom 52 were identified
as unskilled workers in the HSN. These were in 98% of the cases also identified as unskilled
labourers on the marriage certificate. However, marriage certificates are less concordant with the
HSN for socially mobile individuals. Between 36% and 42% of the farmers, skilled labourers, and
lower middle class had a different occupational position on their marriage certificate than in the
HSN. This difference was larger for the elite (57%). The 59 RPs with marriage and death certificates
of children in the LINKS data set (Figure 3.4E) have a better balance between sample size and
matching quality in socio-economic position than the comparison made in Figure 3.4D. Similarly,
farmers show no differences at all between the HSN and LINKS data sets. For the other groups,
socio-economic positions differ from 23% to 33% of unskilled workers, skilled workers, and the
lower middle class. For the elite, the estimates seem worse, since two out of the three
observations are different. Because in the LINKS data set the number of observations was
dependent on the number of children, the more children an RP had, the better the HSN and LINKS
reflect each other.

3.7 Discussion and conclusion
We expected that we would find a lower mean age at death in LINKS than in the HSN, as it has
been shown that migrants are often healthier than the native population, a phenomenon known
as the healthy migrant effect. Indeed, we found a lower mean life span for the RPs in LINKS (34.7
years) than in the HSN (40.8), which was attributable to the almost 100 extra observations of life
spans that were available in the HSN in comparison to LINKS. These observations mainly
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concerned outmigrated adults, increasing the length of the mean life span in the HSN. Moreover,
we found that individuals who were observed outside the province of Zeeland during their life
course, but who returned to Zeeland, died at earlier ages than individuals who never migrated or
who migrated within the province of Zeeland. This suggests that return migration occurred for
health considerations, contributing to the problem of underestimation of ages at death in LINKS.
In the literature, a number of earlier studies reported findings in line with this salmon bias, which
states that the relative health advantage of migrants in comparison to the native population may
at least partially be caused by return-migration movements of unhealthy migrants. Earlier work
has found that healthier individuals tend to migrate more and further in contemporary as well as
historical populations (Alter & Oris, 2005; Lassetter & Callister, 2009) and, for internal migrants
in modern-day China (Lu & Qin, 2014) and the United States (Turra & Elo, 2008), that unhealthier
migrants tend to return migrate to their countries of origin. At the same time, a historical study
on Rotterdam did not find evidence for a healthy migrant effect or a salmon bias (Puschmann et
al., 2017). Evidence for the current data is in line with both mechanisms. Possibly, in Rotterdam,
healthy migrant effects were counterbalanced by a heavy urban penalty affecting migrants’
health, which is absent in the small towns of Zeeland. We found that if a death date was included
in both the HSN and LINKS, they were identical in 304 out of 306 instances, indicating the validity
and comparability of the life-course reconstructions in both databases.
Ruggles (1992) showed, for English family reconstitutions, that – even in the absence of healthy
migrant effects – cessation of observation on individuals due to outmigration causes
underestimation of the ages at which demographic events occur. As more individuals were lost
from observation due to migration in LINKS than in the HSN due to the provincial scope of LINKS
and national scope of the HSN, we expected that the mean age at which life-course transitions
occur would be lower in LINKS than in the HSN. Indeed, we found that not only age at death, but
also age at first marriage, first childbirth, and last childbirth, were higher in the HSN than in LINKS.
In addition, in LINKS, more men and women had no identified children than in the HSN.
With regard to children, family reconstructions appear to be more accurate in the HSN, as the
number of identified children in the HSN is slightly higher than in LINKS. But after adjustment for
migration, the number of children identified in the databases was usually the same. This finding
illustrates that, indeed, life courses of migrants are covered to a more limited extent in LINKS than
in the HSN. In line with our expectations, that does not apply to the size of the sibling set of the
RPs. Due to early mortality and migration, not all siblings were found in the population registers
in which the RPs appeared. The linking algorithm used to construct the LINKS data set results in
very precisely reconstructed families, so that not only the number of children but also the number
of siblings is relatively accurately measured. Thus, although life-course reconstructions appeared
to be very accurate in the HSN, parental family reconstructions were less complete than in LINKS.
Analyses using total numbers of siblings and analyses of intergenerational relations in
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demographic behaviour, including total fertility and age at marriage, should be based on LINKS
rather than the HSN.
Although life courses are reconstructed relatively completely in both the HSN and LINKS, both
data sets have their own strengths and weaknesses. It should be kept in mind that the purpose
of the HSN was to reconstruct life courses of RPs in great detail, but not necessarily their families
of origin. In line with that purpose, information on children of RPs is relatively complete, although
the life courses of children were only followed until they left the RPs’ household or cessation of
observations on RPs. Hence, the population-register data is relatively well equipped to
reconstruct individual life courses, but less well suited to reconstruct families. This applies to
censuses as well, especially if they are not continuously updated, unlike the Dutch population
registers. For LINKS, it appears that record linkage of vital-event observations can deliver highquality family reconstructions. The strength of vital-event register data mainly lies in family
reconstructions, because individual life-course reconstructions can only be made for selective
groups in the data set. Information on household composition, unmarried cohabitation, or
extramarital fertility was not available. Therefore, a full understanding of the nature of the source
material is required to study intergenerational effects with vital-event data. As such, the HSN and
LINKS are well suited to answer a wide range of questions, but only if one utilizes the strengths of
either data set.
Information from different data sets can be combined to gain new and more complete insights
into demographic behaviour. The extended-family reconstructions found in LINKS can contribute
to more detailed family reconstructions in the HSN; for instance, with regard to lifeless reported
infant siblings and children or more detailed observations on socio-economic status. In current
versions of the HSN, marriage certificates – which are also included in LINKS – are already used to
enrich information on relationship formation found in population registers. Second, the
differences between the two databases may itself be of interest for family historians and
historical demographers. Deviating information on siblings and children within households in the
HSN and regardless of household in LINKS may provide researchers with clues on non-co-resident
kin, a phenomenon on which either database alone does not provide information. Similarly,
supplemental observations on socio-economic status in the HSN may enrich our understanding
of the development of the social status of individuals over time. As the current analyses have
shown, it should be taken into account that information for certain individuals may more readily
be matched between databases, such as index persons from LINKS who remained in their
province of origin.
This chapter has illustrated how matched databases may be used to cross-check family and lifecourse reconstructions and to gain insights into sources of bias. In the future, the LINKS project
will be continued for other provinces of the Netherlands, implying that it may be possible to
reconstruct families not only within provinces but also between provinces, following individuals
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who migrate elsewhere. This will challenge current methodologies for linking individuals, as the
number of individuals with similar names increases, leading to a larger number of potential false
matches. Individuals who are found both in the HSN and in LINKS may be used to cross-check
linking strategies for such data. Similarly, LINKS does currently not contain premarital births, an
issue that may be solved by improving the linking strategy, as civil certificates do exist. The HSN
may be used to improve methods for the automatic linking of premarital births to mothers and
fathers, thus contributing to the further development of the LINKS database. We conclude that
life-course and family reconstructions based on linked, fragmented observations on individuals
constitute a reliable alternative to such reconstructions based on continuous observations from
population registers. Hence, through the further integration of existing sources, innovative
research questions and approaches may be generated.
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4 Historical socio-economic differences in later-life mortality, 1862–2000
Measuring inequalities in survival after age 50 in two different 19th-century cohorts
using multiple stratification schemes
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Abstract
In contemporary populations, socio-economic status is positively associated with one’s life
expectancy. Historically, however, the relationship between socio-economic status and mortality
in later life is less well established, as studies on 19th-century cohorts report mixed findings. Due
to a wide variation in the measurement of socio-economic status, it is unclear whether the
diverging results were caused by the chosen measurement or by actual differences in terms of
time and place. Cox models using eight common measurements of socio-economic status in
historical research were estimated for 19th-century cohorts from Utah – an industrializing society
on the American frontier – and Zeeland – a European commercial–agricultural society – to isolate
methodological and contextual differences. Our results show that although the measurement of
socio-economic status affected our results, stratification of later-life mortality differed
remarkably between these two populations. Higher socio-economic status coincided with
increased survival in industrializing Utah, whereas a different pattern was found in commercial–
agricultural Zeeland. In Zeeland, increased survival after age 50 was found for food-secure classes.
As such, higher-social-status groups were not automatically better off in the past. The wealthiest
in Zeeland even suffered from an elite penalty, as their lifestyle was probably an unhealthy
cocktail of idleness, overconsumption, smoking, and drinking.
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4.1 Introduction
Stratification of health by social standing and income is one of the “laws” in social science (Elo,
2009). Higher socio-economic status has routinely been shown to significantly increase an
individual’s survival chances in later life in modern-day populations, culminating in longer and
healthier life spans for those at the top of the social pyramid (Antonovksy, 1967; Bobak, Pikhart,
Rose, Hertzman, & Marmot, 2000; Chen, Yang, & Liu, 2010; Huisman, Kunst, & Mackenbach, 2003;
Kunst et al., 2004; Mackenbach et al., 2008; Zimmer, Hanson, & Smith, 2016a). Individuals from
the lowest income and educational groups are on average 1.2–1.8 times as likely to report that
they live in poor health than the highest social groups (Mackenbach et al., 2008; Zimmer et al.,
2016a). Moreover, the death rate of the lowest social class is generally 1.5–2.0 times as high as
the death rate of the highest social class in contemporary Western Europe (Mackenbach et al.,
2008), culminating in a life span that is 2–3 years shorter for men and about 1 year shorter for
women (Kunst et al., 2004). However, these patterns might be unique for contemporary societies,
as class-based disparaties in later-life mortality seem to have been different for individuals born
before the 20th century (Bengtsson & van Poppel, 2011; Edvinsson & Broström, 2012).
Whether wealth has always been accompanied by better health is the subject of a long-standing
discussion. A wide collection of studies on historical socio-economic differentials in infant
mortality, child mortality, and adult mortality provides little evidence of a socio-economic
gradient in mortality (Bengtsson & van Poppel, 2011). Recently, multiple studies have shifted the
focus to class differences in later-life mortality. Most of these papers have shown that mortality
risks in later life were elevated for the elite and lower for farmers compared to other 19th-century
cohort members (Edvinsson & Broström, 2012, 2017; Ferrie, 2003; Gagnon et al., 2011; Schenk &
van Poppel, 2011; Smith et al., 2009b; Temby & Smith, 2014). But the general relationship
between socio-economic status and later-life survival is still less clear when examined across time
and place. In Utah, there was a positive effect of socio-economic status on survival after age 50
and the chance of belonging to the top 5% of survivors (Smith et al., 2009b; Temby & Smith, 2014).
Similarly, survival in later life increased linearly between unskilled, lower-skilled, and skilled
workers in Québec and by income in Sart, Belgium (Alter, Neven, & Oris, 2004; Gagnon et al.,
2011), whereas other papers on Belgium, the Netherlands, and Sweden have not established a
connection between social position and later-life mortality (Bengtsson & Dribe, 2011; Donrovich,
Puschmann, & Matthijs, 2014; Edvinsson & Broström, 2012; Schenk & van Poppel, 2011).
Different studies have applied alternative measures of social class, rendering it hard to determine
whether the different findings were caused by spatial and temporal differences or varying
methodologies. By comparing two radically different populations with multiple occupationalbased measures of socio-economic status (HISCLASS, HISCAM, NPBOSS, OCC1950, OCCSCORE,
PRESGL, SEI, and SOCPO), we address this analytical problem in the literature and build a
framework that helps to explain the diverging findings in earlier studies. Drawing on data from
the Utah Population Database and LINKS Zeeland (Mandemakers & Laan, 2017), eight different
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social-class schemes are used to compare 19th-century cohorts from Utah and the Dutch coastal
province of Zeeland. Combined, the data sets offer a rare insight into the population dynamics of
an emerging urbanized society on the American frontier and an established commercial–
agricultural society in the Old World. We ask ourselves two questions: (1) To what extent is the
relationship between socio-economic status and later-life mortality in Utah and Zeeland affected
by methodological decisions? and (2) What do these results tell us about the relationship between
socio-economic status and later-life mortality for individuals born in the 19th century?

4.2 Socio-economic status and later-life mortality
The 19th century is characterized as an age of transition: the Western world industrialized,
developed the basics of modern and preventive medicine, and revolutionized the infrastructure
for transport and communication. These developments coincided with fundamental changes in
the labour market (Van Leeuwen & Maas, 2007), altered the disease environment (Omran, 1971),
triggered a demographic transition (Coale & Watkins, 1986; Davis, 1945; Dribe et al., 2017; Dyson,
2010; Notestein, 1945), and allowed people to live longer (Kannisto, 2001; Mourits, 2017a; Robine
& Paccaud, 2005; Wilmoth, 2000). Yet how these changes affected the relationship between
socio-economic status and mortality in later life is still not fully understood.
Class-based inequalities in later-life mortality indicate that increased social standing comes with
the ability to postpone death. In contemporary societies, higher social strata are able to transform
material and non-material socio-economic resources into health. Causal pathways between
socio-economic status and later-life survival have been established for health-related behaviour,
such as healthy diets and lower tobacco consumption, although there are indications that the
relationship is more complex and multifaceted (Christensen & Vaupel, 1996; Elo, 2009; Schrijvers
et al., 1999). Whether class-based differences in health also existed in the past is the subject of a
long-standing debate. Mortality in the 19th century was largely determined by malnourishment,
infectious diseases, and occupational health risks. However, occupational health risks did not
follow social-class lines (CBS, 1906, 1912, 1917) and both preventive healthcare and medical
treatments were generally not very effective, so that decreased exposure to pathogens and a
healthy immune system were the main lines of defence against disease (McKeown, 1976; Rotberg
& Rabb, 1985). Therefore, higher social classes needed to find other ways to transform their social
and financial resources into health advantages (Link & Phelan, 1995; Edvinsson & Broström,
2012).
Infectious diseases dramatically affected all individuals in the 19th century. In later life, the
mortality rate due to degenerative diseases such as cancer, cardiovascular, and other chronic
diseases was high, but tuberculosis, diarrhoea, and respiratory, parasitic, and other infectious
diseases were the main causes of death (Preston, 1976). All social classes were generally
subjected to the same pathogens, as poor and rich lived alongside one another and access to
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clean drinking water was limited. Because the avoidance of sources of infection was practically
impossible, Edvinsson and Broström concluded that “much of what was required to prevent ill
health was in reach for less affluent groups as well” (2012, p. 653). Indeed, one could argue that
wealth could only buy products that were detrimental to human health – for example, coffee,
tobacco, and sugar (Brooshooft, 1897; Razzell & Spence, 2006) – or lead to overconsumption of
fat and proteins (Razzell & Spence, 2006; Verdoorn, 1965, pp. 241–2). However, income also
corresponded with daily nourishment, marginal improvements in housing quality, and, for the
working classes, how much one could spend on petrol, coke, and wood to heat the room
(Brooshooft, 1897). Higher socio-economic status went hand in hand with an advantage in
resources that might have been fundamental for survival.
Daily nutrition is often thought to be the most important determinant in preventing and surviving
infection (Fogel & Costa, 1997; McKeown, 1976; Rotberg & Rabb, 1985). Research on human
stature has shown that differences in wealth caused visible differences in stature between social
classes. Elite, middle class, and rich farmers’ children were on average taller than their fellow
countrymen, whereas unskilled workers lacked in stature (see, e.g., Beekink & Kok, 2017; Mazzoni
et al., 2017; Ramon-Muñoz & Ramon-Muñoz, 2017). However, the relationship between
nourishment and stature does not indicate that there should be a straightforward relationship
between nourishment and survival. Not only did they occur in different phases of the life course,
but some diseases – for example, smallpox, malaria, typhoid, tetanus, and malaria – were so
infectious that nutrition could not prevent infection. Moreover, by stunting growth, the human
body adapted to the available number of calories to prevent energy shortages and malfunction
of bodily functions (Floud et al., 2011), so that the effect of restricted calorie intake on one’s
immune system was also restricted. Hence, a chronic calorie shortage was not automatically a
pathway to an untimely demise.
However, nourishment is more than the sum of calories consumed. Food insecurity and vitamin
deficiencies are hard for the body to adapt to and probably affected the immune system
negatively. Class-based differences in vitamin intake were certainly present. In the Netherlands,
the poorest labourers survived on the bare essentials: bread, potatoes, rice, and some fat and
milk. The average labourer also consumed bread, potatoes, fat, and milk, but could further afford
beans, vegetables, and butter, while the most skilled labourers were able to buy meat or bacon
twice a week (Brooshooft, 1897). Furthermore, higher social classes and farmers generally
enjoyed better food security. These chronic vitamin and calorie deficiencies, combined with
temporal fluctuations in calorie intake, might have been too great for the human body to
overcome and might have negatively affected physical fitness and the immune system.
Yet food was not scarce for all. The upper echelons in society had an estimated diet of over 3,000
calories per day (Floud et al., 2011, p. 53). Combined with a lack of physical activity and excessive
consumption of alcohol, tobacco, satured fats, and proteins, the behaviour of the wealthiest was
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a mix of unhealthy practices (Razzell & Spence, 2006; Verdoorn, 1965, pp. 241–2). The outcomes
of these practices were well known in the 1950s, when the upper classes were more likely to die
of ischaemic heart disease, lung cancer, diabetis mellitus, hypertensive disease, and
cerebrovascular disease. These man-made diseases were seen as “diseases of affluence”, and
they reduced the otherwise inverted effect of socio-economic status on mortality risks (Kunst,
Looman, & Mackenbach, 1990). The positive correlation between man-made diseases and socioeconomic status was reversed in the 1960s, when consumption of tobacco, alcohol, and sugar
increased amongst the lower classes (Marmot et al., 1978). Until then, consumption of these
products was a privilege of the upper classes and might have shortened their lives considerably,
reducing or nullifying any positive influence that food security might have had.

4.3 Earlier results and measurement
Findings on the relationship between socio-economic status and mortality risks in later life have
been mixed. Smith et al. (2009b) and Temby and Smith (2014) found a linear relation between
socio-economic status and later-life mortality risks in Utah for men born between 1840 and 1909.
Similarly, Gagnon et al. (2011) have reported a linear decrease in mortality risks between
unskilled, semi-skilled, and skilled labourers in Québec males born before 1875, and Alter, Neven,
and Oris (2004) have shown that wealth decreases the mortality risk after age 40 for men born in
the Belgian town of Sart between 1815 and 1828. Conversely, no class-based inequalities in
mortality have been found for the Antwerp region and southern Sweden (Bengtsson & Dribe,
2011; Donrovich et al., 2014). Other studies have found different survival patterns. Farmers had
better survival rates in Illinois, Mississippi, the Netherlands, Québec, and Utah (Edvinsson &
Broström, 2012; Ferrie, 2003; Gagnon et al., 2011; Schenk & van Poppel, 2011; Temby & Smith,
2014), whereas mortality risks were elevated for the upper class in Mississippi, northern Sweden,
the Netherlands, and Québec (Edvinsson & Broström, 2012; Ferrie, 2003; Gagnon et al., 2011;
Schenk & van Poppel, 2011).
Whether studies are able to find class differences in later-life survival seems to correspond with
two methodological choices. The first choice concerns whether men and women are studied
separately. Bengtsson and Dribe (2011), as well as Donrovich, Puschmann, and Matthijs (2014),
studied men and women simultaneously and failed to find significant results. The number of
occupations in which women worked was severely limited and female employment was often not
registered (Janssens, 2014; Walhout & van Poppel, 2003); hence female occupations cannot be
coded with existing social-class schemes. A husband’s socio-economic status is a better proxy, but
the effects of male socio-economic status on female later-life survival seem to be mediated by
gender norms. Farmer’s wives had, for example, no excess survival in later life, whereas women
who were married to a craftsman had a longer life span after age 50 (Alter, Dribe, & Van Poppel,
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2007; Edvinsson & Broström, 2012; Schenk & Van Poppel, 2011; Zimmer, Hanson, & Smith,
2016b). Thus, male and female survival in later life should be studied separately.
The second choice is in the measurement of socio-economic status. Different regions are studied
using different socio-economic schemes. The Antwerp region is studied using a collapsed
HISCLASS scale (Donrovich et al., 2014), Illinois and Mississippi using household income and real
estate assets (Ferrie, 2003), Sart using parental income (Alter, Neven, &Oris, 2004), Sundsvall and
Saguenay–Lac-Saint-Jean using local class schemes (Edvinsson & Broström, 2012; Gagnon et al.,
2011), Scania using a SOCPO scale that does not distinguish farmers (Bengtsson & Dribe, 2011),
and Utah using the Nam–Powers scale (Smith et al., 2009b; Temby & Smith, 2014; Zimmer et al.,
2016b). The range of applied measurements is immense and renders it difficult to compare results
between studies. Each scheme estimates the stratification of one or multiple socio-economic
resources; for example, income, social status, or social power. Class inequalities indicate that
individuals are able to transform these socio-economic resources into health advantages.
Accordingly, the wide variety in measured resources and the diverging operationalization of
existing schemes might have determined whether researchers were able to detect similar
patterns in the association between socio-economic status and life span after age 50.

4.4 Data and methods
This study uses data on 19th-century birth cohorts from Utah and the Dutch province of Zeeland.
Utah and Zeeland represent useful populations for this study for multiple reasons. First, they
reflect an industrializing society on the American frontier and a European commercial–
agricultural society, enabling us to compare occupational-based measures of socio-economic
status in two radically different populations. Second, for both populations, data is available on a
large enough scale to compare the different socio-economic measurements without having to
collapse categories on the underlying schemes. Third, the two databases offer insights into 19thcentury population dynamics and have been exposed to rigorous quality-control processes so as
to enhance the quality of the comparisons (Smith et al., 2013; Van den Berg, Van Dijk, Mourits et
al., 2018).
Data on Utahns reflects the experiences of living in a frontier region of the United States (Utah
became a state in 1896), situated in an arid climate generally more than 1,300 metres (4,000 feet)
above sea level. Prior to 1847, the land was inhabited by several American Indian tribes. Most
early immigrants to the Utah territory were members of the recently established Church of Jesus
Christ of Latter-day Saints (Mormons), although many non-Mormons arrived in the state as well.
From their headquarters in Salt Lake City, the Mormon church sought to establish its influence
over the area by coordinating settlements in unpopulated locales. Other streams of immigrants
involving mining and, later, railroad construction increased with the opening of the
transcontinental railroad in 1869, as memorialized by the Golden Spike that linked the nation.
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The railroad connected Utah to the outside world and enabled early endeavours in
manufacturing, mining, melting, and trading to grow into sizeable industries. The population of
Utah became more diversified until, in the 1920s, immigration receded due to an economic
downturn (Bean, Mineau, & Anderton, 1990).
Utah will be compared to the Dutch province of Zeeland. Zeeland is a coastal province consisting
of multiple islands, situated in the south-west of the Netherlands. The island archipelago had
been one of the richer regions of the Netherlands and home to the Dutch West India Company in
early modern times, but suffered economic decline in the 18th century, so that the overseas
trading and shipping industry disappeared at the dawn of the 19th century. Although the most
populated islands were connected to the central railway network by 1873, most of the province
was poorly connected to the rest of the Netherlands. The province never industrialized during the
19th century, since the economic focus had shifted to cash crops. The growth of the cash-crop
sector was short-lived and the cash-crop sector plummeted at the turn of the 20th century
(Priester, 1998; Van Zanden & Van Riel, 2000). As a result, Zeeland was characterized by
outmigration and little population growth.
The Utah and Zeeland cohorts were both born in the 19th century and reached advanced ages
before the Second World War. However, the two regions have noteworthy differences. As a
coastal region with few sources of clean drinking water, clayey soils, and a high humidity, Zeeland
was characterized by a high-mortality regime in which between 30% and 40% of all newborns
died before age 5 (Van Dijk & Mandemakers, 2018). In Utah, the comparable percentage was just
over 10% (Bean et al., 2002; Bean, Mineau, & Anderton, 1992). Nevertheless, average survival
after age 50 was lower for men in Utah than in Zeeland, whereas women lived about equally as
long in both regions. For the 1860 cohort, the mean age at death for 50-year-olds in Utah was
73.2 for men and 74.5 for women, in comparison with 74.3 and 74.1 in Zeeland. However, the
10%, 5%, and 1% top survivors of the 1860 cohort had a much higher average age at death (men,
90.2, 93.1, 98.1; women, 90.1, 93.1, 97.8) than in Zeeland (men, 89.5, 91.8, 95.8; women, 89.6,
91.8, 95.6).
The agricultural tradition and labour market on the Utah frontier differed from what was common
in Zeeland. Figure 4.1 shows how the social-class composition for Utahn and Zeeland men
developed over time, drawing data from the 1880, 1900, 1910, 1920, 1930, and 1940 US censuses
and the Zeeland civil registry. Between 1860 and 1940, Utah transformed from an agricultural to
an industrialized society. A rapidly growing number of educated professionals, semi-skilled
labourers, clerks, and salesmen were employed by the commercial, manufacturing, mining, and
melting industry. As a result, relatively fewer Utahn males worked as farmers (often family
businesses run with close kin), decreasing from one in three in 1880 to one in seven by 1940. In
Zeeland, on the other hand, the labour market was geared towards commercial agriculture and
changed little over time. About 50% of all working men were farm labourers or “general”
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labourers and worked for farmers who comprised 10–15% of the population. The agricultural
produce was sold and transported by freighters and cattle dealers, who were a sizeable
contingent of the property owners and managers in Zeeland. As a result, semi-skilled, service, and
white-collar labour was much less common in Zeeland.

Figure 4.1. The Utah and Zeeland labour market, according to the OCC1950 class scheme

Sources: US Census 1880–1940 and LINKS Zeeland.

4.4.1 Sources
Data on Utah is drawn from the Utah Population Database (UPDB), which includes demographic
and genealogical data for individuals born in Utah or on the Mormon Pioneer Trail and their
descendants. The original portion of the UPDB is based on three-generation family group sheets
kept by the Church of Jesus Christ of Latter-Day Saints. The UPDB is based on a reconstruction of
the demographic history of Utah by compiling these three-generation family group sheets
(parents of ego, ego/spouse, and offspring) for individuals who had experienced at least one vital
event (birth, marriage, or death) in Utah or while migrating along the Mormon Trail. With this
information, obtained from the Genealogical Society of Utah, the basic demographic information
relating to 1.6 million individuals – containing data on Mormons and non-Mormons as well as inand outmigrants – was reconstructed. Additional information was added based on other vital
records, whereas information on socio-economic status has been linked to the UPDB from death
certificates (1904–present) and the 1880, 1900, 1910, 1920, 1930, and 1940 Utah censuses.
Data on Zeeland was retrieved from the Dutch civil registry of Zeeland with the LINKing System
for historical family reconstruction (Mandemakers & Laan, 2017). The Dutch civil registry is one
of the oldest in the world and of high quality. Municipalities were required to register all vital
events in a very precise manner. As a result, all vital events recorded over the past 200 years can
72

be retraced. By linking the egos on birth, marriage, and death certificates, individual life spans
were reconstructed, whereas families were reconstructed by linking parents on birth and
marriage certificates to egos. The resulting data set contains complete life-span and family
relations for individuals who were born in Zeeland between 1812 and 1862, married in Zeeland
between 1812 and 1937, and died in Zeeland between 1812 and 1962. Information on
occupational status is available on an individual’s marriage and death certificate, as well as on the
marriage and death certificates of his or her children.

4.4.2 Selections and variables
For our analyses, we included male cohort members who died after age 50 and for whom
information on the occupational career and family of origin was available. Women were excluded
from the analyses as female occupational employment was registered only minimally during the
19th century (Janssens, 2014; Walhout & van Poppel, 2003). For Utah, the occupational careers
of 46,287 out of 88,895 male members of the 1860–90 birth cohort who lived to be at least 50
years old were followed through linked census records from 1880, 1900, 1910, 1920, 1930, and
1940. Moreover, information on an individual’s most prominent – that is, longest held –
occupation was available from 1904 onwards on death certificates. For Zeeland, 20,698 out of
24,977 men from the 1812–62 cohort who died after their 50th birthday were eligible.
Occupational information was retrieved from marriage of ego as well as from the birth, death,
and marriage certificates of his children. Men for whom only an occupation at death was known
were excluded from the analyses, as no occupational information before age 50 was known.
Occupational data was available in two standardized classifications of occupations. The historical
occupations in Utah are coded using the US Bureau of the Census' 1950 standard, hereafter
OCC1950 (US Bureau of the Census, 1950), whereas occupational data from Zeeland was coded
into the HISCO standard (Van Leeuwen, Maas, & Miles, 2002). Data was converted between the
American or European coding standard in order to compare the effects of socio-economic status
in Utah and Zeeland. Therefore, a linking table between OCC1950 and HISCO was made, based
on the occupations underlying the occupational classes in HISCO and OCC1950 (Mourits, 2017b).
Consequently, these tables were converted into HISCLASS, SOCPO, HISCAM, NPBOSS, OCCSCORE,
PRESGL, and SEI, using linking tables from the IISH (Mandemakers et al., 2018) and IPUMS (2017a–
d). A more detailed description of the procedure is available in Appendix 4A.
We apply five continuous and three categorical measurements of socio-economic status. For the
categorical models, farmers are used as the reference category, as they are a sizeable group in
society, are expected to outlive their peers, and are coded similarly between the different scales
on socio-economic status. Besides information on ego’s socio-economic status, father’s socioeconomic status, ego’s year of birth, and frailty among siblings are included in our models. We
furthermore included variables relevant for individual survival before the age of 50: early parental
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death, parental longevity, migration, affiliation to the Mormon church, whether a twin, number
of siblings, the birth interval relative to the former sibling, parental age at conception, and ego’s
own fertility. For both the mother and father, early parental death was defined as their death
occurring before the age of 50, while parental longevity is measured as having a life span that
belonged to the top 5% of all same-sex members of a birth cohort. For Zeeland, migration is
defined as being born and dying in a different municipality, whereas for Utah it is measured as
being born in a different state or country. Religiosity was included for Utah, distinguishing
between active Mormons, inactive Mormons, and non-Mormons at the age of 40. Descriptive
statistics on these variables are shown in Table 4.1.

4.4.3 Models
To study the impact of socio-economic status on mortality after age 50 on the 1860–90 Utah
cohort and the 1812–62 Zeeland cohort, Cox proportional hazard models were estimated using
the coxme package (Therneau, 2015) in base R 3.3.2 (R Core Team, 2016). All models controlled
for shared frailty between family members to control for common but unobserved factors that
may be confounded with socio-economic status and mortality (e.g. genes and living conditions in
childhood). We further tested for temporal and regional differences by estimating separate
models for 10-year birth cohorts as well as rural and urban populations.
Basic tests of the model showed multiple instances in which hazards were non-proportional.
Hazards were non-proportional with respect to affiliation with the Mormon church in Utah, but
this problem disappeared after correcting for shared frailty. The categorical measurements of
socio-economic status also contained categories that were found to be non-proportional. We
decided to ignore this issue, given that collapsing categories would have disturbed the theoretical
frameworks. Violations of the non-proportional assumption were more problematic for the
continuous measurements of socio-economic status. However, we also chose not to recode the
continuous scales, as an ad hoc correction of the scale would create yet another new
measurement variant that diverged from the theoretical frameworks that was being tested.
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Table 4.1. Descriptive table
Utah
N

Mean
46,287

Birth cohort
Life span after age 50
Migrated
Married
% second marriages
Age at first marriage
Age at first birth
Age at last birth
Number of children

1860–90
73.58
14.6%
94.6%
18.0%
25.63
26.86
39.07
5.54

Father died before 50
Mother died before 50
Father long-lived
Mother long-lived
Number of siblings
Birth interval
Twin
Age of father at birth
Age of mother at birth

4.4%
11.7%
6.7%
5.7%
7.59
2.39
1.4%
34.76
28.46

Zeeland
SD

Mean
20,698
1812–62
73.22
46.6%
100%
15.0%
28.08
28.75
41.36
7.16

11.13

5.54
5.59
7.38
3.58

16.2%
19.0%
8.5%
6.8%
7.91
2.10
1.1%
33.2
30.3

3.25
1.16
9.28
6.75

SD

10.57

5.44
5.49
6.95
4.05

3.77
1.32
6.99
5.83

Sources: UPDB, US Census 1880–1940, and LINKS Zeeland.

4.5 Results
The hazard ratios between socio-economic status and mortality after age 50 are shown in Figure
4.2. The continuous measurements HISCAM, NPBOSS, OCCSCORE, PRESGL, and SEI are shown in
the top left panel, whereas the other panels show the categorical scales HISCLASS, OCC1950, and
SOCPO. For the continuous models, higher hazards correspond with a shorter life span, whereas
for the categorical models, a hazard above 1 corresponds with having a shorter life span
compared to farmers, and below 1 with having a longer life span compared to farmers.
The different measurements of socio-economic status produce rather different results for Utah
and Zeeland. Using HISCAM, NPBOSS, OCCSCORE, PRESGL, and SEI, we find that higher social
standing coincided with decreased mortality risks in later life for Utah. The models using the
categorical schemes OCC1950, HISCLASS, and SOCPO underline these results. The hazard ratios
decreased linearly between professionals, farmers, proprietors, clerks, sales workers, and
craftsmen, while they levelled out for the lowest social strata, which comprised semi-skilled,
agricultural, and unschooled labourers. As such, increased social status came with an increased
life span after age 50, but there was a threshold effect for the lowest social classes. Moreover,
the elite and farmers had the lowest mortality of all social classes.
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For Zeeland, we find that socio-economic status correlated with higher mortality risks in later life
according to HISCAM, NPBOSS, OCCSCORE, and SEI. However, we find no evidence of a positive
gradient in mortality risks after age 50 in the HISCLASS, OCC1950, PRESGL, and SOCPO models. Of
all the social classes, hazards were highest for the elite and lowest for farmers. Moreover, there
were below-average mortality risks for craftsmen, agricultural labourers, and lower managers, as
well as above-average mortality risks for pedlars after age 50. Hence, increased social status did
not correspond with increases in the later life span. Rather, life spans after age 50 in Zeeland were
longer for specific, food-secure groups in society – craftsmen, farmers, farm labourers, and lower
managers – and shortest for the elite and pedlars.

Figure 4.2. The hazard ratios of HISCAM, HISCLASS, NPBOSS, OCC1950, OCCSCORE, PRESGL, SEI,
and SOCPO on mortality after age 50 in Utah and Zeeland

Sources: UPDB, US Census 1880–1940, and LINKS Zeeland.

4.5.1 Rural–urban differences
Figure 4.3 presents the hazard ratios between socio-economic status and later-life mortality for
rural and urban muncipalities in Utah and Zeeland. Ogden, Provo, and Salt Lake City are compared
to rural Utah and Goes, Middelburg, and Vlissingen are contrasted with rural Zeeland. For
Zeeland, the models that used NPBOSS and OCCSCORE indicate that a higher socio-economic
status coincided with higher mortality risks in the countryside, while mortality risks in the cities
did not correlate with socio-economic status. Controlling for rural–urban differences did not,
however, alter the point estimates in any of the other Zeeland models. Continuous measurements
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of socio-economic status provide evidence for a much weaker negative relationship between
socio-economic status and later-life mortality for the urban environment in Utah. Yet we found
the opposite effect for the models that used HISCLASS and OCC1950. In the cities, mortality risks
were lowest among the elite and farmers, slightly higher for managers/proprietors, clerks, and
sales workers, more so for craftsmen, and even higher for operatives. A similar pattern was
present in the towns, but the survival advantage of farmers was somewhat smaller. The mortality
risks at the bottom of the social pyramid differed strongly between rural and urban environments.
Hazard ratios between skilled, lower-skilled, agricultural, and unskilled labourers increased
continuously in urban Utah, whereas there was a strong dichotomy between lower-skilled,
agricultural, and unskilled labourers and all other social classes in rural Utah. Hence, continuous
social stratification of later-life mortality risks was only present in urban Utah.

Figure 4.3. The hazard ratios of HISCAM, HISCLASS, NPBOSS, OCC1950, OCCSCORE, PRESGL, SEI,
and SOCPO on mortality after age 50 in Utah and Zeeland by rural and urban municipalities

Sources: UPDB, US Census 1880–1940, and LINKS Zeeland.

4.5.2 Cohorts
Figures 4A.1 and 4A.2 in the appendix compare the effects of socio-economic status between the
different birth cohorts in Utah and Zeeland. These cohorts entered the labour market at different
times and were exposed to economic downturns at different ages, which might affect the
relationship between socio-economic status and later-life survival. Stratification of the birth
cohort affected our models using continuous measurements of socio-economic status. For Utah,
we find that according to HISCAM, NPBOSS, and OCCSCORE, the socio-economic gradient was
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progressively attenuated between 1860 and 1890, whereas we find stable effects for these
cohorts if we apply the PRESGL, SEI, HISCLASS, OCC1950, or SOCPO scales. In the categorical
models, little evidence is found for changes over time; that is, mortality risks increased slightly for
agricultural and general labourers, while mortality risks decreased for service workers. For
Zeeland, we find that a positive relationship between socio-economic status and mortality risks
after age 50 grew steadily over time if we apply HISCAM, NPBOSS, OCCSCORE, or SEI. However,
in our models applying HISCLASS, OCC1950, PRESGL, and SOCPO, we find no evidence for such a
claim. Rather, these models show no structural changes between cohorts from which a trend can
be distilled. In general, the continuous measurements HISCAM, NPBOSS, OCCSCORE, and SEI
detect gradual changes between cohorts, whereas PRESGL and the categorical scales HISCLASS,
OCC1950, PRESGL, and SOCPO exhibit robust effects.

4.6 Conclusion
This chapter has addressed whether socio-economic stratification of mortality after age 50
existed among 19th-century cohorts. Earlier studies have shown that modern-day social
inequalities in survival were already present in Québec and on the Utah frontier, but that higher
socio-economic status did not coincide with a longer life span in European commercial–
agricultural populations. Yet it was unclear whether these different results were possibly due to
methodological decisions or fundamental historical differences. By comparing eight schemes of
socio-economic status among the Utah cohorts between 1860 and 1890 with the 1812–62
Zeeland cohorts, we were able to demonstrate that class-based inequalities in later-life survival
were strong for Utah and weak for Zeeland. Moreover, socio-economic inequalities in survival in
the 19th-century commercial–agricultural society of Zeeland were probably affected by food
security rather than wealth or social status.
The choice of a specific social-class scheme affected the association between socio-economic
status and later-life mortality. A higher socio-economic status on HISCAM, NPBOSS, OCCSCORE,
PRESGL, and SEI coincided with a longer life span in Utah and – except for PRESGL – a shorter life
span in Zeeland. However, the categorical scales HISCLASS, OCC1950, and SOCPO show different
results for both populations. In Utah, the life span increased gradually for the upper social classes,
but was low for lower-skilled, agricultural, and general labourers. In Zeeland, no evidence was
found for a continuous effect of socio-economic status on survival in later life. There were lifespan advantages for farmers, craftsmen, farm labourers, and lower managers, whereas the elite
lived significantly shorter lives. These differences between scales were not attributable to
theoretical differences in the occupational scales but, rather, to the unit of measurement. It is
our position that categorical scales are better able to detect divergences from the linear trend
than continuous measurements.
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HISCLASS and OCC1950 exhibit a radically different relation between socio-economic status and
later-life mortality for Utah and Zeeland. Social stratification in Utah differed gradually between
professionals, farmers, managers and proprietors, clerical workers, salesmen, and craftsmen,
whereas the mortality of operatives, service workers, agricultural labourers, and general
labourers differed between the rural and urban areas. In the cities, mortality risks increased
gradually for all social classes, whereas in rural Utah operatives, agricultural labourers, and
general labourers had significantly elevated mortality risks, while service workers experienced
mortality risks comparable to those of white-collar workers. Most of these effects were stable
over time, even though the Utah labour market diversified considerably between 1880 and 1940.
Class-based inequalities in later-life survival in Zeeland were more in line with earlier studies on
European commercial–agricultural populations. Mortality risks after age 50 were elevated for the
elite and lowest for farmers. Analyses further show lower mortality risks for shippers, craftsmen,
and agricultural labourers, whereas pedlars had higher mortality risks. The differences between
these groups in Zeeland are rather small and probably would not have been detected with a
smaller sample. Therefore, it is not surprising that class-based inequalities in later-life survival do
not significantly differ between cohorts or between rural and urban settlements in Zeeland.

Table 4.2. A schematic overview of the results
Region

Cohort
1860–90

Observation
period
1910–2000

Survival
advantage
High status†

Farmer
bonus
Yes*

Elite
penalty
No*

Utah
Zeeland

1812–62

1862–1962

Food security‡

Yes*

Yes*

Rural–urban
differences
More linear
for cities
–

Cohort
differences
–
–

Notes:
* Farmer bonuses and elite penalties were established for all of the categorical scales: HISCLASS, OCC1950, and
SOCPO.
† A positive association between socio-economic status and life span was found for all of the socio-economic
scales: HISCAM, NPBOSS, OCCSCORE, PRESGL, SEI, HISCLASS, OCC1950, and SOCPO.
‡ The relationship between food security and socio-economic status was detected by HISCLASS and OCC1950.
HISCAM, NPBOSS, OCCSCORE, and SEI found that lower socio-economic status coincided with survival
advantages, whereas PRESGL and SOCPO found no relation between socio-economic status and survival.

These findings for Utah and Zeeland, as summarized in Table 4.2, yield three important insights
into the 19th-century stratification of health. First, the elite had the lowest life span after age 50
in the latter half of the 19th and the first half of the 20th century, an association found in Zeeland
that is probably due to obesity, smoking, and drinking. That the elite in Utah lived longer than
other Utahns is a result that is inconsistent with other studies on 19th-century cohorts, which
report a negative relationship between socio-economic status and survival after age 50
(Edvinsson & Broström, 2012, 2017; Ferrie, 2003; Gagnon et al., 2011; Schenk & van Poppel,
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2011). Our hypothesis was that the elites suffered from “diseases of affluence” due to obesity
and their smoking and drinking behaviour. It might be that there was simply not enough food for
overconsumption on the frontier, or that healthy lifestyles were endorsed by the Church of Jesus
Christ of Latter-day Saints. To test this latter hypothesis, we compared the social gradient in
mortality risks of active Mormons, inactive Mormons, and non-Mormons in the Utah sample, as
practising Mormons are known to outlive their fellow cohort members due to their healthy
lifestyle (Lindahl-Jacobsen et al., 2013; Mineau, Smith, & Bean, 2004). Although active Mormon
professionals lived on average 4 years longer than inactive church members and non-Mormons,
there was no evidence of an elite penalty for any of the three religious groups. It is possible that
frontier Utah did not engage in the conspicuous overconsumption of meat, alcohol, and tobacco
seen in Zeeland as well as other regions, due to the absence of a vested elite. Hence, the absence
of a survival penalty for the Utah elite may be seen as reflecting a pattern distinct from the elite
penalty witnessed in 19th-century Europe and Québec.
Second, there seems to be little evidence of a strong socio-economic stratification of survival after
age 50 in commercial–agricultural societies as represented by Zeeland. The results from Zeeland
are in line with results from other European populations. Minor socio-economic differences
existed and the evidence indicates that farmers, farm labourers, craftsmen, and freighters fared
well, whereas on average the elite and pedlars had shorter life spans. Similar findings have been
widely reported for farmers (Edvinsson & Broström, 2012; Ferrie, 2003; Gagnon et al., 2011;
Schenk & van Poppel, 2011; Temby & Smith, 2014) and the upper class (Edvinsson & Broström,
2012, 2017; Ferrie, 2003; Gagnon et al., 2011; Schenk & van Poppel, 2011). Small-scale
entrepreneurs also had higher mortality in Sundsvall (Edvinsson & Broström, 2012), but the
effects for farm labourers, craftsmen, and freighters are new. The positive life-span effect for
farm labourers is also radically different for Utah, where farm workers were at the bottom of the
social pyramid. We attribute these findings to the importance of food security. In Utah, farming
was often a family business and only the poorest remained agricultural workers, whereas
agricultural labourers in Zeeland were often engaged in it for life. As such, 19th-century
commercial–agricultural societies provided a different socio-economic context in which life-span
advantages were distributed. Farm labourers, farmers, craftsmen, and freighters were the most
food secure in Zeeland, which gave them a marginal survival advantage in later life.
Third, Utah may be among the first populations in which increased social standing came with
increased survival in later life. It is doubtful that the gains in survival were attributable to gains in
food security and vitamin intake, as results from Zeeland and other European populations show
that these gains were marginal at best (Bengtsson & Dribe, 2011; Donrovich, Puschmann, &
Matthijs, 2014; Edvinsson & Broström, 2012; Schenk & van Poppel, 2011). Thus, different forces
that led to better social conditions for the upper social strata or worse social conditions for the
poor are likely to have been at work. Overcrowding and sanitation problems were certainly a
problem in the urban centres of 19th-century Utah, but did not necessarily hit the poorest in
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society hardest (Bush, 1993). Rather, income levels rose and the expanding labour market gave
new opportunities for the larger population. As such, contemporary class differences in the later
life span are most probably rooted in life-span improvements, rather than worsening conditions
for the lower classes.
Combined, these three findings show that that the contemporary social disparities in survival may
not have been universally evident. Although stratification of later-life survival occurred in preindustrial populations, differences were small and not related to social status or wealth. In
commercial–agricultural populations, food security led farmers and craftsmen to live longer,
while the life span of the elite was probably lower due to conspicuous consumption of proteins,
fat, tobacco, and alcohol. This lack of a status gradient in the later life span for pre-industrial
populations challenges theories that emphasize the omnipresence of stratification by wealth and
status; for example, the fundamental cause theory (see, e.g., Link & Phelan, 1995; Phelan & Link,
2013; Phelan, Link, & Tehranifar, 2010) or the status syndrome (see, e.g., Marmot, 2004). Rather,
the emergence of social stratification in industrializing Utah and Québec hints at the importance
of a diversified labour market for modern-day differences in the later life span. However, further
research on the emergence of social-class differences in later-life survival is necessary to
understand how the mechanism behind social differences in the later life span developed over
time.

4A. Appendix: Measuring socio-economic status
Occupational data was available in two standardized classifications of occupations. Data needed
to be converted between the American and European coding standards in order to compare the
effects of socio-economic status in Utah and Zeeland. The historical occupations in Utah were
coded using the US Bureau of the Census' 1950 standard, hereafter OCC1950, whereas
occupational data from Zeeland was coded into the HISCO standard (US Bureau of the Census,
1950; Van Leeuwen, Maas, & Miles, 2002). The OCC1950 can be converted into NPBOSS,
OCCSCORE, PRESGL, and SEI with linking tables from IPUMS (2017a–d), while the HISCO can be
recoded into HISCLASS, SOCPO, and HISCAM with linking tables from the IISH (Mandemakers et
al., 2018). However, conversions from HISCO to NPBOSS, OCCSCORE, PRESGL, and SEI or from
OCC1950 to HISCLASS, SOCPO, and HISCAM are not possible.
A linking table between OCC1950 and HISCO (Mourits, 2017b) was deemed the optimal basis on
which to test the American measurements of socio-economic status on European data and, vice
versa, to test the European measurement of socio-economic status and American data. For the
conversion between HISCO and OCC1950, 269 OCC1950 occupational categories and 1,675 HISCO
occupational categories needed to be matched. The conversion from OCC1950 to HISCO has
partly been made by the North Atlantic Population Project (NAPP), which has recoded OCC1950
into intermediate HISCO, a variation on HISCO also known as OCCHISCO or NAPPHISCO. However,
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this coding system sometimes differs drastically from HISCO, as intermediate HISCO was intended
to replace both HISCO and OCC1950. Therefore, a new linking table had to be built.
Occupational categories were linked between HISCO and OCC1950 on the basis of the underlying
occupations. Both HISCO and OCC1950 consist of multiple layers of occupational groups. HISCO
is divided into seven major, 76 minor, 296 unit, and 1,675 micro-groups, which roughly
correspond with social classes, sectors, occupational groups, and occupational subgroups.
OCC1950, on the other hand, is divided into ten social classes and 269 occupational groups.
HISCO’s micro-groups and OCC1950’s occupational subgroups are based on a well-documented
number of occupations, which can easily be compared and matched between the two
occupational coding schemes. In the translation from HISCO to OCC1950, 1,675 occupational
categories were collapsed into 229 unique OCC1950 occupational groups. Although 40
occupational groups in OCC1950 could not be retrieved from HISCO, all occupations were
successfully attributed to the correct social class. Vice versa, 269 occupational groups in OCC1950
were recoded into 227 unique HISCO micro-groups. These 227 codes are well spread over the
different branches of the HISCO tree, as they cover practically all unit groups.
Eight occupational scales are modelled for both Utah and Zeeland: OCC1950, HISCLASS, SOCPO,
HISCAM, NPBOSS, OCCSCORE, PRESGL, and SEI. Table 4.3 shows an overview of these
measurement schemes. OCC1950, HISCLASS, and SOCPO are categorical scales. OCC1950 and
HISCLASS use inverted scores for socio-economic status, so that the lowest score is assigned to
the highest social class. OCC1950 contains ten categories, ranging from 0 to 9. HISCLASS contains
13 categories, although it is often collapsed into five categories. SOCPO contains six categories,
ranging from 1 to 5, as category 4 contains both farmers and the middle class, which are usually
studied separately. The correlations in Table 4.4 show that HISCLASS, OCC1950, and PRESGL
strongly resemble one another in both Utah and Zeeland, whereas SOCPO is more related to the
continuous measurements of socio-economic status.
HISCAM, NPBOSS, OCCSCORE, PRESGL, and SEI are continuous measurements of socio-economic
status that all apply different metric scales. HISCAM and SEI assign a socio-economic status score
on a 100-point scale and NPBOSS and PRESGL on a 1,000-point scale, whereas OCCSCORE
estimates the medium income in hundreds of 1950 US dollars. Furthermore, the HISCAM and
PRESGL scores do not use the whole metric scale, as the HISCAM scores range from 37 to 100 and
the PRESGL scores from 93 to 815. To be able to compare the outcomes of the different socioeconomic status scales, all HISCAM, NPBOSS, OCCSCORE, PRESGL, and SEI scores have been
transformed to range from 0 to 1. Table 4.4 shows high correlations between the five different
continuous scales.
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Table 4A.1. An overview of the socio-economic measurement schemes
Base
Occupations

Abbreviation
HISCO

Range
0–7

HISCLASS

Name
Historical International Standard
Coding of Occupations
HISCLASS

HISCO
HISCO

SOCPO

Social Power

1–5

HISCO
Occupations

HISCAM
OCC1950

37–100
0–9

OCC1950

NPBOSS

OCC1950
OCC1950
OCC1950

OCCSCORE
PRESGL
SEI

Historical CAMSIS
US Bureau of the Census’ 1950
standard
Nam–Powers–Boyd Occupational
Status Score
Occupational Income Score
Siegel Prestige Score
Duncan Socio-Economic Index

1–13

0–1000
0–80
93–815
0–100

Reference(s)
Van Leeuwen, Maas, and
Miles (2002, 2004)
Van Leeuwen and Maas
(2011)
Van de Putte and Miles
(2005)
Lambert et al. (2013)
US Bureau of the Census
(1950)
Nam and Boyd (2004),
Nam and Powers (1983)
IPUMS (2017b)
Siegel (1971)
Duncan (1961)

OCC1950*
OCC1950*
HISCLASS*
SOCPO
HISCAM
NPBOSS
OCCSCORE
PRESGL
SEI

0.81
0.61
–0.03
0.01
–0.01
–0.56
–0.13

HISCLASS*
0.97
0.49
0.04
0.16
0.10
–0.49
–0.03

SOCPO
–0.05
–0.07
0.49
0.76
0.66
0.40
0.74

HISCAM
–0.54
–0.52
0.67
0.63
0.63
0.39
0.65

0.91
0.64
0.92
Utah

Sources: UPDB, US Census 1880–1940, and LINKS Zeeland.
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NPBOSS
–0.34
–0.28
0.83
0.69

OCCSCORE
–0.28
–0.23
0.77
0.58
0.94
0.67
0.87

PRESGL
–0.84
–0.82
0.54
0.72
0.70
0.65
0.75

SEI
–0.52
–0.48
0.77
0.75
0.91
0.87
0.80

Zeeland

Table 4A.2. Correlations between SES measurements; Utah and Zeeland

Figure 4A.1. The hazard ratios of HISCAM, HISCLASS, NPBOSS, OCC1950, OCCSCORE, PRESGL, SEI,
and SOCPO on mortality after age 50 in Utah by birth cohort

Sources: UPDB and US Census 1880–1940.
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Figure 4A.2. The hazard ratios of HISCAM, HISCLASS, NPBOSS, OCC1950, OCCSCORE, PRESGL, SEI,
and SOCPO on mortality after age 50 in Zeeland by birth cohort

Source: LINKS Zeeland.
Notes: Extreme values have been cut off. These values are 2.79 (1b, Higher professionals), 3.30 (2d, Foremen),
and 3.06 (5a, Lower-skilled farm workers) for the 1832–41 cohort in HISCLASS, 3.80 (2d, Foremen) for the 1842–
51 cohort in HISCLASS, and 3.78 (5, Elite) for the 1852–61 cohort in SOCPO.

85

86

5 Intergenerational transmission of longevity is not affected by other familial
factors
Evidence from 16,905 Dutch families from Zeeland, 1812–1962
Rick Mourits, Radboud University Nijmegen, the Netherlands.
Niels van den Berg, Leiden University Medical Center, the Netherlands.
Angelique Janssens, Radboud University Nijmegen, the Netherlands.

The authors would like to thank Marian Beekman, Eline Slagboom, and Mar Rodriguez-Girondo
at the Leiden University Medical Centre for their vital support in writing this chapter.

Abstract
Studies have shown that long-lived individuals seem to pass their survival advantage on to their
offspring. Offspring of long-lived parents had a lifelong survival advantage over individuals
without long-lived parents, making them more likely to become long-lived themselves. We test
whether the survival advantage enjoyed by offspring of long-lived individuals is dependent on
environmental factors. A total of 101,577 individuals from 16,905 families in the 1812–86 Zeeland
cohort were followed over time. To prevent certain families from being over-represented in our
data, disjoint family trees were selected. Offspring were included if the age at death of both
parents was known. Our analyses show that multiple familial resources are associated with
survival within the first 5 years of life, with stronger maternal than paternal effects. However,
between ages 5 and 100, both parents contribute equally to their offspring’s chances of becoming
long-lived. After age 5, offspring of long-lived fathers and long-lived mothers had a 16–19% lower
chance of dying at any given point in time than individuals without long-lived parents. This survival
advantage is most probably genetic in nature, as it could not be explained by other, tested familial
resources and is transmitted equally by fathers and mothers.
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5.1 Introduction
To live a long and healthy life is a dream that many share. Yet some of us live longer than others
and reach advanced ages in better health. To the longest-lived individuals in this world, agerelated diseases – such as diabetes, cardiovascular diseases, Alzheimer’s disease, and so on –
seem to be a less heavy burden. On top of that, studies have shown that long-lived individuals
seem to pass their survival advantage on to their offspring (Atzmon et al., 2004; Christensen et
al., 2008; Dutta et al., 2014; Gjonça & Zaninotto, 2008; Newman et al., 2011; Terry et al., 2004,
2008; Van den Berg et al., 2018; Westendorp et al., 2009). The offspring of long-lived parents have
a lifelong survival advantage over individuals without long-lived parents, making them more likely
to become long-lived themselves (Dutta et al., 2013; Gudmundsson et al., 2000; Houde, Tremblay,
& Vézina, 2008; Terry et al., 2004; Van den Berg et al., 2018; Westendorp et al., 2009). It is widely
believed that members of these families have a genetic predisposition that benefits their own as
well as their offspring’s survival (Sebastiani et al., 2015; Shadyab & LaCroix, 2015; Van den Berg
et al., 2018). Yet there are also other familial factors that have been associated with longevity; for
example, parity, farming, social class, or smoking and drinking behaviour (Gavrilov & Gavrilova,
2015; Kerber et al., 2001; Robine et al., 2003; Sun et al., 2015; Tabatabaie et al., 2011; Temby &
Smith, 2014). These factors are often shared between parents and children and, as such, can
correlate with a family’s chances of becoming long-lived (Cournil, Legay, & Schächter, 2000;
Gavrilov & Gavrilova, 2015; Matthijs, Van de Putte, & Vlietinck, 2002; Montesanto et al., 2017;
Temby & Smith, 2014; You, Gu, & Yi, 2010). Currently, studies have found little evidence that
social factors affected the association between parental longevity and offspring survival (Gavrilov
& Gavrilova, 2015; You, Gu, & Yi, 2010). However, these studies were based on very specific
populations, on relatively small samples, and had limited information on familial resources.
Therefore, the extent to which other familial factors affect the association between parental
longevity and offspring survival is open for discussion.
Familial resources play an important role in determining their offspring’s survival. Multiple
familial factors act in utero and during the early stages of life, when offspring are very sensitive
and dependent on their parents for survival (Ben-shlomo & Kuh, 2002; Elo & Preston, 1992; Smith
& Hanson, 2015). Hence, the loss of a parent, or high mortality among siblings, is known to
negatively affect survival, whereas having a healthy mother or growing up in the right socioeconomic environment might benefit survival (see, e.g., Barker, 1990; Elo & Preston, 1992).
Moreover, individual factors that have been associated with longevity – such as parity (Tabatabaie
et al., 2011; Westendorp & Kirkwood, 1998), age at last birth (Sun et al., 2015), social class
(Gavrilov & Gavrilova, 2015; Temby & Smith, 2014), smoking, and drinking (Kerber et al., 2001;
Sun et al., 2015; Temby & Smith, 2014) – are passed on from parents to children. Just like parental
longevity, these resources can cluster within families and are transferred to future generations
(Broström, Edvinsson, & Engberg, 2018; Knigge, 2016; Morris et al., 2011; Sommerseth, 2018; Van
Dijk & Mandemakers, 2018). Accordingly, the survival advantage of having a long-lived parent can
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be caused by inherited genetic predispositions or environmental conditions due to high infant
mortality in the sibship, familial fertility histories, or shared socio-economic resources. This begs
the question as to whether the intergenerational transmission of longevity is affected by any of
these familial factors – and, if so, which of the familial resources is most important.
In this chapter, we explore whether high infant mortality in the sibship, familial fertility histories,
and shared socio-economic resources affect the association between parental longevity and
offspring survival. We use reconstituted family data from the LINKS Zeeland historical data set
(Mandemakers & Laan, 2017) to study 16,905 disjoint families with 101,577 children. These
children were born between 1812 and 1886 and lived and died in the Dutch province of Zeeland,
which – at the time – was known for its high parity and high infant mortality. Within this context,
we first verify the known relation between parental longevity and offspring survival. We group
offspring by their parents’ longevity and show survival plots for offspring with no parents
belonging to the top 5% survivors, a top 5% father, a top 5% mother, and two top 5% parents.
Second, we enquire whether the survival advantage enjoyed by the offspring of long-lived parents
is dependent on high infant mortality in the sibship, familial fertility histories, and shared socioeconomic resources. Third, we determine which familial resources are most important for the
survival of offspring, and show that the association between familial resources and offspring
survival is remarkably stable over the life course. Finally, we discuss what these outcomes mean
for research on longevity and historical demography.

5.2 Theory
We have already established that parental longevity is an important predictor of offspring
survival. But besides parental longevity, high infant mortality in the sibship, familial fertility
conditions, and shared socio-economic resources are familial factors that might also be
associated with individual chances of becoming long-lived. High early-life mortality within the
family can be an indication of familial frailty, an unhealthy living environment, or both (Bengtsson
& Lindström, 2000, 2003; Quaranta, 2013; Van Dijk, Janssens, & Smith, 2018; Vaupel, 1988). A
family’s fertility history yields an insight into parental physical fitness at conception (Barker, 1990;
Floud et al., 2011; Perls, Alpert, & Fretts, 1997; Westendorp & Kirkwood, 1998; Wrigley, 2004).
Socio-economic status and family compositions indicate what resources are available to each
household member (Bengtsson & van Poppel, 2011; Blake, 1981; Yerushalmy, 1938). In this
section, we discuss how these three types of parental resources are associated with offspring
survival.
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5.2.1 High infant mortality in the sibship
The offspring of long-lived parents are thought to obtain their parents’ predisposition towards
longevity. Conversely, offspring who are confronted with high mortality in the family may have
an inherited survival disadvantage. Having parents with a short life span can indicate that the
offspring had frail or genetically burdened parents (Vaupel, 1988). These parents with a short life
span may have suffered from the early onset of degenerative diseases, which, if passed on, in
turn reduce the survival of offspring. Furthermore, poor maternal health can also negatively affect
the in utero development of offspring, resulting in survival disadvantages later in life (see, e.g.,
Barker, 1990; Rosano, Botto, Botting, & Mastroiacovo, 2000; Smith & Hanson, 2015). Offspring
were also directly affected by the death of a parent. The loss of one’s parents meant the loss of
food, care, and possibly future chances in the marriage market and in the labour market (Cooper,
1992, p. 296; Kok & Delger, 1998; Van Poppel, de Jong, & Liefbroer, 1998). In particular, the loss
of one’s mother at a young age was detrimental and could result in an early demise (RosenbaumFeldbrügge, 2018). Moreover, losing a parent at a young age seems to speed up reproduction and
has been thought to increase mortality levels as well. Multiple studies have shown that the early
loss of a parent induces earlier puberty (Bogaert, 2008; Webster et al., 2014) and a tendency to
reproduce earlier (Störmer & Lummaa, 2014; Voland & Willführ, 2017). However, studies on the
effect of losing a parent on later-life mortality outcomes have shown mixed results (Campbell &
Lee, 2009; Gagnon & Mazan, 2009; Smith et al., 2009b, 2014; Todd, Valleron, & Bougnères, 2017;
Van Poppel, De Jong, & Liefbroer, 1998; Willführ, 2009). Thus, it is uncertain whether the early
loss of a parent affected survival beyond the initial shock.
Besides having a short-lived parent, having multiple siblings who died in infancy can also be a sign
of inherited frailty. Increased risks of infant and child mortality with “socioeconomic, genetic,
behavioral, and environmental roots” (Van Dijk, 2019b) are passed on to future generations and
can shorten the lives of offspring as well as grandchildren (Broström, Edvinsson, & Engberg, 2018;
Gagnon et al., 2009; Hin, Ogórek, & Hedefalk, 2016; Janssens, Messelink, & Need, 2010;
Sommerseth, 2018; Van Dijk & Mandemakers, 2018). To a large extent, high infant mortality was
determined by the living environment. Infant mortality differed widely between and within
countries and ranged from less than 5% to around 40% of all newborns (Klüsener et al., 2014; van
den Boomen & Ekamper, 2015; Van Poppel, Jonker, & Mandemakers, 2005). Growing up in an
unhealthy environment not only determined how many infants died, but also scarred the
survivors. Even years after being exposed to outbreaks of infectious diseases, survivors showed
increased mortality risks (Bengtsson & Lindström, 2003; Quaranta, 2013). However, in both highand low-mortality environments, mortality rates were significantly higher for the survivors from
high-mortality families (Van Dijk, Janssens, & Smith, 2018). Therefore, high levels of infant
mortality in the family should be seen as an indicator of inherited frailty as well as an unhealthy
living environment.
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5.2.2 Familial fertility history
Besides infant mortality in the sibships, familial fertility histories might play an important role in
determining the survival of offspring. Offspring survival is linked to parental fertility through
reproductive ageing, genetic predispositions, and parental physical fitness. Reproductive ageing
stresses the positive benefits of having a mother who is able to reproduce until an advanced age.
Female fertility is subject to ageing (Faddy et al., 1992; Te Velde & Pearson, 2002). Under natural
fertility conditions, most women give birth to their last child between ages 35 and 45, while last
births after age 45 are rare (Eijkemans et al., 2014). Late-reproducing women are not only able to
give birth at an advanced age, but also show lower mortality rates after age 50 than other women
and are more likely to become centenarians (Gagnon et al., 2009; Helle, Lummaa, & Jokela, 2005;
Smith et al., 2009a; Smith, Mineau, & Bean, 2002; Sun et al., 2015). Having a mother who was
able to conceive children at an advanced age might also be beneficial for offspring survival (Hin
et al., 2016). Except for the last-born child, none of her children would have lost their mother at
a young age. Furthermore, late-reproducing mothers might have been healthier and were able to
give birth to babies with a higher birth weight. Third, there might be a genetic predisposition
slowing both reproductive ageing and somatic ageing, since female ages at last birth and
menopause are both strongly heritable (De Bruin et al., 2001; Pettay et al., 2005; Van Asselt et
al., 2004; Walter et al., 2012). Therefore, having a mother who was able to conceive children at
an advanced age might be beneficial for her offspring’s survival.
Although having a mother who reproduced until an advanced age is considered beneficial, having
a mother who has large numbers of births or short birth intervals might not be so beneficial. Short
birth intervals are known to be detrimental to both mothers and offspring (Dewey & Cohen, 2007;
Kozuki et al., 2013). This might be caused by a trade-off at the genetic level between life span and
fertility (Kirkwood, 1977; Westendorp & Kirkwood, 1998). However, in humans, the link between
number of offspring and age at death is weak at best (Helle, Lummaa, & Jokela, 2005; Hurt,
Ronsmans, & Thomas, 2006; Le Bourg, 2007) and seems to be strongly dependent on parental
health and mortality during childbearing ages (Doblhammer & Oeppen, 2003). It is more likely
that a negative relationship between high fertility and offspring survival is caused by maternal
depletion. Gestation and childbirth take their toll on the female body, which can only recover
with time and adequate nourishment. Shorter birth intervals indicate that women have less time
to recover from a previous pregnancy, which is especially detrimental when access to food is
restricted. Hence, having many children in rapid succession will be detrimental to the mother’s
and her offspring’s health, regardless of a possible genetic trade-off between reproduction and
life span.
The described effects of fertility on offspring survival are dependent on parental physical fitness.
Weakened mothers are less able to produce robust and healthy children, decreasing the life span
of later-born offspring. Maternal physical fitness decreases with each subsequent birth. Large
families and short birth intervals can deplete a woman, due to increased exposure to stress,
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additional energy requirements, and having less time to recover (Engelen & Wolf, 2011; Winkvist,
Rasmussen, & Habicht, 1992). Furthermore, parental physical fitness decreases over time.
Genetic damage accumulates over time and DNA mutations increase as parents grow older (Crow,
1993). Older mothers’ germ cells contain more accumulated damage, whereas older fathers
transmit germ cells that are more mutated and can shorten offspring life spans (Gavrilov &
Gavrilova, 2000; Xie et al., 2018). Possibly as a result, later-born children seem to show higher
mortality rates (Barclay & Kolk, 2015; Engelen & Wolf, 2011; Hin, Ogórek, & Hedefalk, 2016; Smith
et al., 2014; Sommerseth, 2018; Van Dijk & Mandemakers, 2018). Yet it is not necessarily
beneficial for individual survival to be born into a small sibship. In natural fertility populations,
low parity is generally seen as an indicator of problems with parental fertility or parental health
(Doblhammer & Oeppen, 2003). Hence, offspring belonging to a small sibling set might suffer
from inherited frailty or development problems.
The maternal constitution might also be important in determining offspring survival regardless of
parental age. It has been suggested that long-lived women are more likely to produce long-lived
offspring than long-lived men, because they have to endure the pregnancy. A stronger and
healthier mother might be better equipped to give birth to larger and healthier children. Hence,
long-lived mothers give birth to children who are less vulnerable to a wide range of environmental
effects than lighter babies (Floud et al., 2011; Van den Berg et al., 2018; Wrigley, 2004). Following
this line of reasoning, having a migrant mother should also increase offspring survival. Migrants
are known to have a survival advantage compared to the general population, because they are
healthier than the general population (Khlat & Courbage, 1996; Markides & Coreil, 1986;
Puschmann, Donrovich, & Matthijs, 2017; Wallace & Kulu, 2014). Hence, having a migrant mother
might also increase her offspring’s chances of living a long life.

5.2.3 Shared socio-economic resources
Parents determine the environments in which their children grow up. This is even more so in
historical populations, where parental socio-economic status determined the quality, quantity,
and security of food as well as housing conditions and routine aspects of daily life. Daily nutrition
is often thought to be one of the most important determinants in preventing and surviving
infectious diseases, which were more prevalent and virulent in the 19th century (Fogel & Costa,
1997; McKeown, 1976; Preston, 1976; Rotberg & Rabb, 1985). Differences in access to food were
considerable and caused differences in human stature: elite and farmer children were on average
taller than their fellow countrymen, whereas children of labourers were significantly shorter
(Alter & Oris, 2005; Beekink & Kok, 2017; Komlos, 1990; Mazzoni et al., 2017; Öberg, 2014;
Ramon-Muñoz & Ramon-Muñoz, 2017). The relationship between parental socio-economic
status and mortality in the first 5 years of life seems to follow a similar pattern. Farmers’ and
upper-class children had a survival advantage over the children of other parents (Breschi et al.,
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2011; Edvinsson et al., 2005; Janssens & Pelzer, 2012; Schumacher & Oris, 2011; Van Poppel,
Jonker, & Mandemakers, 2005). There is some evidence that the differences in survival between
the offspring of farmers, the elite, the middle class, and labourers remain present over the rest
of the life course (Breschi et al., 2011; Hin, Ogórek, & Hedefalk, 2016; Schenk & van Poppel, 2011;
Van Den Berg, Lindeboom, & Portrait, 2006). However, studies focused on the association
between individual socio-economic status and later-life survival in commercial–agricultural
societies generally have not found any socio-economic effects on differences in mortality rates
(Bengtsson & van Poppel, 2011; Edvinsson & Broström, 2012).
Whether offspring were able to profit from parental resources is dependent on how resources
were allocated in the household (Riswick, 2018). Children compete for their parents’ attention
and resources in the household. Having multiple older brothers seems to be detrimental to
survival in later life (Donrovich, Puschmann, & Matthijs, 2014). Being born earlier puts offspring
in an advantageous position in terms of resources, as they have fewer siblings with whom to
compete over the available resources. Moreover, firstborn sons are much more likely to get
paternal attention, as they are often supposed to take over their father’s trade and the family’s
assets; for example, the family farm, smithy, bakery, or store. Earlier-born siblings are known to
have lower mortality rates (Barclay & Kolk, 2015; Engelen & Wolf, 2011; Hin, Ogórek, & Hedefalk,
2016; Smith et al., 2014; Sommerseth, 2018; Van Dijk & Mandemakers, 2018), but it is not known
whether this is caused by maternal depletion, resource competition, or selective parental
investment.

5.2.4 Synthesis
In this chapter, we test the discussed familial effects on offspring survival in one overarching
framework. The effects of high infant mortality in the sibship, familial fertility histories, and
shared socio-economic resources are summarized in Figure 5.1. In each column, we show the
discussed mechanisms and their demographic indicators. In the upcoming sections, we test
whether the association between parental longevity and offspring survival – defined as age at
death – is affected by any of these mechanisms. Besides effects of mortality, fertility, and socioeconomic resources, Figure 5.1 further shows possible effects of parental behaviour on offspring
survival. Parental behaviour is not included in our analyses due to data constraints, but is known
to be an indicator of offspring survival. Having a drinking or smoking parent seems harmful for
offspring survival (Hill et al., 2000; Huizink & Mulder, 2006; Ji et al., 1997; Lindahl-Jacobsen et al.,
2013), whereas breastfeeding might have benefited offspring survival (van den Boomen &
Ekamper, 2015; Walhout, 2010). During the period under observation, few people smoked,
alcohol consumption was a common practice, and breastfeeding practices varied considerably
(Janssen & Van Poppel, 2015; van den Boomen & Ekamper, 2015).
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Figure 5.1. Familial factors associated with offspring survival and their demographic indicators

5.3 Data and methods
We use LINKS Zeeland (Mandemakers & Laan, 2017) to study how familial resources affect the
relation between parental longevity and offspring survival, defined as age at death or last
observation. LINKS Zeeland is a historical data set that contains family reconstitutions based on
births, marriages, and deaths that occurred in Zeeland – a coastal province, situated in the southwest of the Netherlands – between 1812 and 1912, 1937, and 1962, respectively. The size of the
data set makes it possible to make robust estimates of the association between parental longevity
and offspring survival, whereas the unique scope of the data set allows us to test whether the
association between parental longevity and offspring survival is dependent on other demographic
indicators.

5.3.1 Data selection
To model the association between parental longevity and offspring survival, we selected parent
couples for whom the age at death was known. Parental longevity was measured in four different
groups: 1, no long-lived parents; 2, a long-lived father, but no long-lived mother; 3, a long-lived
mother, but no long-lived father; and 4, two long-lived parents. To be considered long-lived,
parents had to belong to the contingent of oldest men or women from their birth cohort. We
defined longevity as the top 5%, 10%, and 15%, in line with earlier research (Van den Berg et al.,
2018). We report the top 5%, while the top 10% and top 15% will be presented in Appendix 5A:
Tables A3 and A4. We selected the top percentages of survivors based on Swedish cohort life
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tables from the Human Mortality Database (HMD), as the Swedish life tables are available for the
early 19th century and are consistent with life tables of multiple other industrializing societies at
the end of the 19th century (Lindahl-Jacobsen et al., 2013). This procedure has three advantages
over making the same selection based on the LINKS data set itself. First, it produces more accurate
estimates of the top survivors. Zeeland was characterized by considerable outmigration and a
sizeable share of the individuals who survived infancy migrated out of the province. As a result,
the top survivors in our data set are younger than the actual top survivors. Second, the HMD has
complete cohort life tables for all the parents in our sample, whereas mortality information in
LINKS Zeeland is only available after 1812. Therefore, we do not have to make assumptions on
mortality before our observation period. Third, in contrast to LINKS Zeeland, the Swedish life
tables contain enough cases to reliably estimate the upper percentiles of survivors by sex and
birth year. Hence, we can more precisely identify the long-lived individuals in our sample.
To test whether the association between parental longevity and offspring survival is affected by
other familial factors, we measured the level of infant mortality in the sibship, familial fertility
histories, and shared socio-economic resources, in line with the literature. Infant mortality in the
family was measured as the number of offspring dying between the second and twelfth months
of life. We excluded infant mortality prior to month two as these deaths mostly concerned
traumas and congenital malformations. A late-reproducing mother was operationalized as a
mother who reproduced after age 45. Low-parity families are families with one, two, or three
siblings. Birth intervals are divided into three categories: under 1.5 years, 1.5–2.5 years, and more
than 2.5 years. Parental migration indicates whether parents migrated within Zeeland after the
birth of their first child. Birth order distinguishes between firstborn, middle, and last-born children
and the rest of the sibship. SES is split into four categories. The elite were fathers who performed
learned professions, such as artists, clergymen, doctors, engineers, lawyers, pharmacists,
teachers, and veterinarians. Farmers comprise farmers and farm labourers. The middle strata
encompass proprietors, managers, clerks, salesmen, and craftsmen. Labourers are all those who
performed semi- or unskilled labour. Fathers without a known profession are included as a
separate category. Sibling rivalry is operationalized as the number of siblings alive at the birth of
ego and the number of siblings alive when ego was 5 years old. Data on parental behaviour is not
included, as the LINKS Zeeland data does not contain information on drinking or breastfeeding.
To prevent certain families from being over-represented in our data, disjoint family trees were
selected (see Figure 5.2). Offspring were included in our sample if their parents married between
1812 and 1862 and the age at death of both parents was known. To identify disjoint families,
related family members were removed from this selected sample in two steps. First, we made
sure that offspring – the daughters and sons in our sample – did not return as parents. Second,
we excluded half-siblings from the data by randomly selecting one childbearing family if fathers
or mothers married and reproduced with more than one partner. As shown in Table 5.1, this left
us with data on 16,905 parent couples who had 101,577 children. Only cases with complete
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information on parental mortality were included in our sample, which also resulted in full
information on high infant mortality in the sibship, familial fertility histories, and shared socioeconomic resources. Information on offspring life span is available for 81,514 children (80.2%),
while information is censored for the other 20,063 children (19.8%). About half of the censored
observations are missing from birth, whereas the other half is censored after a vital event; that
is, marriage or childbirth.

Figure 5.2. Visualization of disjoint family selection

F1

First marriage

Second marriage

F2

F3
Notes: Shaded boxes contain information on age at death, which is always available for F1 and might be missing
for F2. Crossed boxes mark excluded marriage partners of F2 and offspring in F3. Dotted lines indicate
unselected cases, either randomly deselected for offspring of F1 or structurally removed for offspring of F2.

5.3.2 Sample description
Table 5.1 shows descriptive statistics on mortality and fertility in Zeeland. The island archipelago
was characterized by high infant mortality: 37.6% of all sons and 34.9% of all daughters in our
sample died in infancy, which was high in comparison to inland regions in the Netherlands
(Hoogerhuis, 2003; Klüsener et al., 2014; Van Dijk & Mandemakers, 2018). The mean life spans
for sons and daughters are also relatively low, at 30.0 and 32.2 years, but this is most probably an
underestimation due to outmigration (Puschmann, Donrovich, & Matthijs, 2017; Van den Berg,
Van Dijk, Mourits, et al., 2018), which generally occurred between ages 15 and 50 (Kok, 1997).
Offspring got on average 6.5 / 6.2 children, which is comparable to the average fertility in France,
Germany, or the Netherlands (Eijkemans et al., 2014), whereas the age at last birth of 36.8 for
women and the average birth interval of 2.1 are relatively low (Dribe et al., 2017; Eijkemans et
al., 2014). The economy was geared towards commercial agriculture. Zeeland specialized in the
production of cash crops and grain (Priester, 1998). About 40%of the male population worked
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directly in agriculture, either as an agricultural labourer or a farmer, while even more unskilled
labourers, freighters, and traders were indirectly involved in agriculture (Van Leeuwen & Maas,
2007).

Table 5.1. The characteristics of the parents and offspring in the studied LINKS Zeeland sample
Sample
N
Birth cohorts
Age at death
▪ available
▪ censored
▪ missing
Demographic indicators
Age at death*
Mode life span
Age at last birth*
Number of offspring*
Birth spacing*
Migrated within Zeeland
Father died before ego was 5*
Mother died before ego was 5*
Age father at birth*
Age mother at birth*
Number of siblings alive at birth ego*

Fathers

Mothers

Sons

Daughters

16,905
1741–1842

16,905
1768–1844

52,367
1812–86

49,210
1812–85

16,905
–
–

16,905
–
–

41,748 (79.7%)
04,318 (08.2%)
06,301 (12.0%)

39,766 (80.8%)
04,821 (09.8%)
04,623 (09.4%)

62.6 (15.6)
71
41.1 (8.1)
6.6 (4.0)
2.1 (1.3)
15.9%
–
–
–
–
–

62.9 (17.4)
72
37.5 (5.9)
6.3 (3.8)
2.1 (1.3)
15.9%
–
–
–
–
–

30.0 (33.1)
0
39.8 (7.5)
6.5 (4.0)
2.2 (1.3)
20.1%
6.3%
6.2%
34.8 (7.5)
31.8 (6.0)
2.4 (2.2)

32.2 (33.3)
0
36.8 (6.2)
6.2 (3.8)
2.2 (1.3)
20.0%
6.0%
6.2%
34.8 (7.5)
31.8 (6.0)
2.4 (2.2)

Note: Mean plus standard deviation in parentheses.

5.3.3 Statistics
The survival of the offspring in our data was studied using Cox regressions. Using the Cox
regressions, we estimated the timing until death between ages 0 and 100 for multiple subgroups.
We chose the Cox models so that our results would be comparable to earlier studies (Dutta et al.,
2013; Gudmundsson et al., 2000; Houde et al., 2008; Smith et al., 2009b; Van den Berg et al.,
2018; Westendorp et al., 2009). Moreover, Cox models can deal with censored observations in
the data set. We tested all our variables for proportionality and applied robustness checks for
barely and non-proportional effects. In such cases, Poisson and Accelerated Failure Time models
were estimated, because they use different assumptions to estimate effects, but should
otherwise give similar outcomes to Cox regressions.
Analyses were run in R version 3.3.0 using the coxme and eha packages (Broström, 2016; R Core
Team, 2016; Therneau, 2015). Effects of familial resources on offspring survival were initially
estimated between ages 0 and 100. However, it turned out that none of the estimated hazard
ratios was proportional over time. Therefore, we tested whether the effects of high infant
mortality in the sibship, familial fertility levels, and shared socio-economic resources were
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proportional between ages 50–100, 15–100, and 5–100. These ages mark important social
transitions in life and coincide with changes in mortality, as shown in Figure 5.3. Post-reproductive
life starts between ages 45 and 50 and coincides with rapidly increasing mortality. Adult life starts
around age 15 and marks the lowest point of human mortality, whereas childhood – the first 5
years of life – is characterized by rapidly decreasing mortality. It turned out that the effects of
familial resources on offspring survival were proportional between ages 5 and 100. Moreover,
robust hazard risks could also be found between birth and age 5. Hence, we ran two separate Cox
analyses. One model focused on offspring survival during childhood, characterized by rapidly
receding mortality, and the other on the remaining part of the life span, during which mortality
increased exponentially over time.
To establish whether there is an association between parental longevity and offspring survival,
we first estimated the association between parental longevity and offspring survival under control
for the offspring’s sex and year of birth. Second, we controlled for effects of high infant mortality
in the sibship, fertility histories, and socio-economic resources in three separate analyses, to find
out whether these indicators affected the relationship between parental longevity and offspring
survival. Finally, full models were constructed to find out which familial factors had the strongest
association with offspring survival between ages 5–100 and 0–5. Variables from the mortality,
fertility, and socio-economic resource models were added to the full model if they were
significant with an α of 0.05. All p-values are corrected for multiple testing using the Bonferonni
method.

Figure 5.3. The probability of dying for each year of life during childhood (B) and the rest of the
life span (A); 1812–86 cohort, Sweden

B A

Source: HMD, 2018.
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5.4 Results
In this section, we answer our research questions regarding the association between parental
longevity and offspring survival. The survival advantages enjoyed by offspring of long-lived
parents between ages 5 and 100 are discussed in section 5.4.1-.3, while section 5.4.4-.6 discusses
the survival advantages between ages 0 and 5. In each section, we answer three questions. First,
associations between parental longevity and offspring survival are estimated in a Cox model and
controlled for effects of sex and birth cohort. We show cumulative hazard and survival plots for
offspring with no parents belonging to the top 5% survivors, a top 5% father, a top 5% mother,
and two top 5% parents. Second, we enquire whether the survival advantage enjoyed by offspring
of long-lived parents is dependent on other familial resources. We estimate five different Cox
models to explore whether controlling for other familial resources explains part of the
associations between parental longevity and offspring survival. In addition, we estimate Cox
models that control for effects of high infant mortality in the sibship, familial fertility histories,
shared socio-economic resources, and the three categories combined. For each of these models,
we report the hazard ratios for offspring with a top 5% father, a top 5% mother, and two top 5%
parents in comparison to offspring with no parents belonging to the top 5% survivors. Third, we
determine how strong the effect of parental longevity on offspring survival is in comparison to
other familial factors between ages 5 and 100. We show which familial resources are significantly
associated with offspring survival and determine how strongly they affect offspring survival in
comparison with the effect sizes of having a top 5% father, a top 5% mother, or two top 5%
parents.
In the text, we discuss the outcomes of Cox models in terms of hazard ratios (HRs) and report
their 95% confidence intervals in terms of survival advantages. A HR of 0.84, for example,
indicates a 16% lower chance of dying, and from here onwards we will refer to this as a survival
advantage of 16%. We only show abbreviated tables. The full versions are shown in Tables 5A.1
and 5A.2, in Appendix 5A. The Appendix also includes robustness checks for parental longevity in
Tables 5A.3 and 5A.4.

5.4.1 Parental longevity and offspring survival between ages 5 and 100
We first test whether there is a positive association between parental longevity and offspring
survival. Figure 5.4 shows the cumulative hazard and survival probability between ages 5 and 100,
in panels A and B. Both panels indicate that between ages 5 and 100, offspring of the top 5%
longest-lived fathers and top 5% longest-lived mothers have a similar survival advantage of 18%
(CI: 13–22%) and 21% (CI: 17–26%), respectively, over offspring without a long-lived parent. The
offspring of two parents belonging to the top 5% survivors enjoyed an even larger survival
advantage of 30% (CI: 17–41%) over offspring without a long-lived parent. This indicates that the
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survival advantage of offspring after age 5 is comparable for long-lived mothers and fathers, and
that the survival advantage increases with the number of long-lived parents.

Figure 5.4. The cumulative hazard (A) and survival (B) plots of the association between having a
top 5% parent and offspring survival between ages 5 and 100

Note: For the coefficients, see Table 5.2.

5.4.2 Familial factors do not explain the association between parental longevity and offspring
survival
Second, we enquire whether the association between parental longevity and increased offspring
survival is influenced by effects of high infant mortality in the sibship, familial fertility histories,
and shared socio-economic resources. Table 5.2 shows the number of observations, the number
of families, and the HR + 95% Bonferroni-corrected confidence intervals (CI) for Cox models after
controlling for sex and birth year, high infant mortality in the sibship, familial fertility histories,
shared socio-economic resources, and a full model, respectively. Controlling for high infant
mortality in the sibship, familial fertility histories, and socio-economic resources did not affect the
association between parental longevity and offspring survival between ages 5 and 100. The
survival advantages remained 18% for offspring of top 5% fathers, 21% for offspring of top 5%
mothers, and 30% for offspring of two long-lived parents in comparison to offspring without a
long-lived parent. Hence, the survival advantage between the ages of 5 and 100, enjoyed by the
offspring of the top 5% parents is not explained by infant mortality in the sibship, familial fertility
histories of spacing and early reproduction, or better access to socio-economic resources.
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Table 5.2. The association between parental longevity and offspring survival between ages 5 and
100
Noffspring
Nfamilies
1. Baseline
2. Mortality
3. Fertility
4. Resources
5. Full

No top 10%
surviving parent
38,483
11,154
ref.
ref.
ref.
ref.
ref.

Top 10%
surviving father

HR + 95% CI
0.82 (0.78–0.87)
0.82 (0.78–0.87)
0.82 (0.77–0.88)
0.82 (0.77–0.88)
0.82 (0.78–0.87)

7,821
2,003
p-value
<0.001
<0.001
<0.001
<0.001
<0.001

Top 10%
surviving mother
5,965
1,548
HR + 95% CI
p-value
0.79 (0.74–0.83)
<0.001
0.79 (0.74–0.84)
<0.001
0.79 (0.73–0.84)
<0.001
0.79 (0.73–0.84)
<0.001
0.79 (0.74–0.84)
<0.001

Both parents top 10%
survivors
1,531
370
HR + 95% CI
p-value
0.70 (0.59–0.83)
<0.001
0.70 (0.58–0.85)
<0.001
0.70 (0.57–0.87)
<0.001
0.70 (0.56–0.86)
<0.001
0.70 (0.58–0.85)
<0.001

Notes: All models are controlled for sex and birth cohort. Mortality models include infant mortality in the
sibship. Familial fertility histories include having a late-reproducing mother, hailing from a small family, mean
birth intervals, parental migration, the birth order, the age of the father at birth, and the age of the mother at
birth. Shared socio-economic resources include the SES, the number of siblings alive at birth of ego, the number
of siblings alive when ego was 5, and the sex-specific birth order.

5.4.3 After parental longevity, high infant mortality in the sibship is the only important familial
factor for survival between ages 5 and 100
Third, we investigate in the full model how the effects of parental longevity compare with other
familial factors. This indicates how important parental longevity was between ages 5 and 100.
Table 5.3 shows the number of observations, the number of families, HRs plus 95% Bonferronicorrected CI, and Bonferroni-corrected p-values for all variables that were associated significantly
with offspring survival between ages 5 and 100. The effects of all variables – those that were
associated significantly with offspring survival, and those that were not – between ages 5 and 100
are shown in Table 5A.1 in Appendix 5A.
Besides having a top 5% parent, high infant mortality in the sibship also affected offspring survival.
Offspring with three or more siblings who died between the second and the twelfth months had
a survival disadvantage of 4% (CI: 0–9%) over individuals with between zero and two siblings who
died between the second and the twelfth month. This effect is significantly weaker than the
survival advantages of having a father, mother, or two parents in the top 5% of their birth cohort.
Familial fertility histories or socio-economic resources had no effect on offspring survival between
ages 5 and 100. Hence, only early sibling mortality seems to affect survival between ages 5 and
100 in addition to parental longevity.
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Table 5.3. The association between familial resources and offspring survival between ages 5 and
100
Noffspring

Nfamilies

HR + 95% CI

p-value

Parental longevity
▪ No top 5% parent
▪ Father top 5%, mother not top 5%
▪ Mother top 5%, father not top 5%
▪ Both parents top 5%

45,930
4,294
3,236
340

14,766
1,072
822
79

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.70 (0.58–0.85)

Ref.
<0.001
<0.001
<0.001

Infant mortality
Number of infant deaths in F2
▪0
▪1
▪2
▪ 3+

22,619
15,073
7,933
8,175

5,287
2,348
1,107
959

Ref.
1.01 (0.97–1.04)
1.01 (0.97–1.06)
1.04 (1.00–1.09)

Ref.
1.000
1.000
0.047

Notes: The models are controlled for sex and birth cohort (per 10 years). The models only show significant
variables. See Table 5A.1 for the effects of the following: having a late-reproducing mother, hailing from a small
family, mean birth intervals, parental migration, (sex-specific) birth order, age of the father at birth, age of the
mother at birth, SES, number of siblings alive at birth, and number of siblings alive at age 5. The effects of
maternal longevity on offspring survival do not change after controlling for losing a parent before age 5 (see
Table 5A.6 in the Appendix).

5.4.4 Parental longevity and offspring survival between ages 0 and 5
Here, we revisit the questions asked in section 5.4.1-.3 for ages 0–5. We first test whether there
is a positive association between parental longevity and offspring survival. Figure 5.5 shows that
in the first 5 years of life, offspring of fathers belonging to the top 5% of their birth cohort had a
survival advantage of 9% (CI: 3–14%) over offspring without a top 5% parent. Offspring with a top
5% mother, on the other hand, enjoyed a survival advantage of 21% (CI: 15–27%) over offspring
with no long-lived parents. Offspring of two top 5% parents had a survival advantage of 28% (CI:
9–43%) over offspring without a long-lived parent. This indicates that mothers contribute more
to the survival advantage of offspring before age 5 than fathers. Moreover, similar to the effects
after age 5, we observed an increase in offspring survival advantage with the number of longlived parents.
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Figure 5.5. The cumulative hazard (A) and survival (B) plots of the association between having a
top 5% parent and offspring survival between ages 0 and 5

Note: For the coefficients, see Table 5.4.

5.4.5 Familial factors do not explain the association between parental longevity and offspring
survival
Second, we enquire whether the association between parental longevity and increased offspring
survival is influenced by effects of high infant mortality in the sibship, familial fertility histories,
and shared socio-economic resources. Table 5.4 shows the association between parental
longevity and offspring survival between ages 0 and 5. Infant mortality in the sibship, familial
fertility histories, and socio-economic resources have a marginal impact on the association
between parental longevity and offspring survival. The estimated survival advantage of having a
long-lived father over having no long-lived parent decreases from 9% (CI: 3–15%) to 8% (2–14%)
after controlling for high infant mortality, familial fertility histories, and shared socio-economic
resources. The survival advantages of having a long-lived mother move from 21% (CI: 15–27%) to
17% (CI: 10–23%) after controlling for infant mortality in the sibship, to 20% (CI: 13–26%) after
controlling for fertility histories, increase to 22% (CI: 15–29%) after controlling for shared socioeconomic resources, and decrease to 17% (CI: 10–24%) in the full model. The survival benefits of
having two long-lived parents over having no long-lived parent shift from 28% (CI: 9–43%) to 26%
(CI: 6–41%), 26% (CI: 3–43%), 31% (CI: 9–47%), and 25% (CI: 3–42%), respectively. Hence, the
association between having a top 5% parent – especially a top 5% mother – and offspring survival
advantage between ages 0 and 5 was not explained by lower infant mortality in the sibship,
familial fertility histories, or shared socio-economic resources.
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Table 5.4. The association between parental longevity and offspring survival between ages 0 and
5
Noffspring
Nfamilies
1. Baseline
2. Mortality
3. Fertility
4. Resources
6. Full

No top 10%
surviving parent
74,336
12,639
ref.
ref.
ref.
ref.
ref.

Top 10%
surviving father
14,381
2,207
HR + 95% CI
p-value
0.91 (0.86–0.97)
<0.001
0.91 (0.85–0.96)
<0.001
0.91 (0.85–0.98)
<0.001
0.91 (0.84–0.98)
<0.001
0.92 (0.86–0.98)
<0.001

Top 10%
surviving mother
10,383
1,665
HR + 95% CI
p-value
0.79 (0.73–0.85)
<0.001
0.83 (0.77–0.89)
<0.001
0.80 (0.74–0.87)
<0.001
0.78 (0.71–0.85)
<0.001
0.83 (0.76–0.90)
<0.001

Both parents top 10%
survivors
2,477
394
HR + 95% CI
p-value
0.72 (0.57–0.91)
<0.001
0.74 (0.59–0.94)
<0.001
0.74 (0.57–0.97)
<0.001
0.69 (0.53–0.91)
<0.001
0.75 (0.58–0.97)
<0.001

Notes: All models are controlled for sex and birth cohort. The mortality models include infant mortality in the
sibship. The familial fertility histories include having a late-reproducing mother, hailing from a small family,
mean birth intervals, parental migration, birth order, age of the father at birth, and age of the mother at birth.
The shared socio-economic resources include the SES, the number of siblings alive at birth of ego, and the sexspecific birth order. The effects of parental longevity on offspring survival do not disappear after controlling for
losing a parent before age 5 (see Table 5A.7 in the Appendix). However, between ages 0 and 5, the survival
advantages enjoyed by offspring with a long-lived father, mother, or two long-lived parents **{Flow OK?}**
decrease from 8% (CI: 2–14%) to 7% (CI: 0–14%), from 17% (CI: 10–24%) to 14% (CI: 7–21%), and from 25% (CI:
3–25%) to an insignificant 21%, respectively.

5.4.6 Before age 5, infant mortality and fertility histories have a stronger association with
offspring survival than maternal longevity
Lastly, we compare the effect size of parental longevity with other familial factors to indicate how
important parental longevity was between ages 0 and 5. It should be noted that survival
advantages cannot be directly compared to survival disadvantages, as the scores take place on a
different scale. Survival advantages run on a scale from 0% to 100%, whereas survival
disadvantages run on a scale from 0% to infinity. However, survival advantages can easily be
transformed into a percentage of decreased survival disadvantages, which can be expressed by
calculating the inverse of the hazard ratio. For example, offspring of long-lived fathers have a
hazard ratio of 0.92, which corresponds with a decreased survival disadvantage of 1/0.92 = 1.09;
that is, a decreased survival disadvantage of 9%. Calculating these scores makes it possible to
compare survival disadvantages to the survival advantages enjoyed by offspring of long-lived
parents. Hence, survival advantages of 8%, 17%, and 25% for offspring of long-lived fathers,
mothers, and two long-lived parents correspond with decreased survival disadvantages of 9%,
20%, and 33%, respectively.
Before the age of 5, the decreased survival disadvantage of having a top 5% parent was relatively
small in comparison to the increased survival disadvantage of high infant mortality in the sibship,
familial fertility histories, and shared socio-economic resources. High infant mortality in the
sibship had the strongest effect on offspring survival. Offspring had a survival disadvantage of
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51% (CI: 44–58%) if one sibling died during infancy. This survival disadvantage was 82% (CI: 73–
92%) if two siblings died during infancy and 112% (CI: 114–116%) if three or more siblings died
during infancy. Hence, high infant mortality in the sibship had a stronger association with survival
before age 5 than maternal longevity.
Familial fertility histories had robust associations with offspring survival before age 5. Hailing from
a small family was associated with a survival disadvantage of 74% (CI: 55–95%) in single-child
families, 55% (CI: 42–69%) for families with two children, and 33% (CI: 23–44%) for families with
three children. Offspring whose parents had long or medium birth intervals had a decreased
survival advantage of 41% (CI: 33–49%) and 23% (CI: 18–28%), respectively, compared to offspring
whose parents had short birth intervals. Offspring whose mother was younger than 25 at the time
of their birth had a decreased survival disadvantage of 15% (CI: 8–25%) compared to offspring
whose mother was over 40 years old, while offspring with mothers aged between 25 and 40 at
the time of their own birth had an insignificant survival advantage of 5%. Offspring with a father
who was between ages 25 and 40 at birth had a decreased survival disadvantage of 5% (CI: 1–
10%) over offspring with a father who was over 40 years old at birth. Offspring whose father was
younger than age 25 had a similar, but non-significant, decreased survival disadvantage of 6%
over offspring with a father between ages 25 and 40 at birth. Firstborn offspring initially had a
significant decreased survival disadvantage on other offspring, but this effect disappeared after
we controlled for high infant mortality in the sibship and shared socio-economic resources (see
Table A2 in the Appendix). Thus, a small family size and birth intervals had a stronger association
with offspring survival before age 5 than having a top 5% parent.
Shared socio-economic resources had relatively weak effects on offspring survival. Offspring of
farmers had a decreased survival disadvantage of 35% (CI: 28–43%). Having fewer living siblings
at birth was associated with a decreased survival disadvantage of 18% (CI: 12–25%) for offspring
with zero or one siblings alive at birth and 5% (CI: 1–11%) for offspring with between two and
four siblings at birth in comparison to offspring with five or more siblings alive at birth. Hence,
offspring of farmers had a stronger survival advantage before age 5 than offspring of top 5%
parents, whereas the maximum effect of sibling rivalry was similar to the effect of having a top
5% mother.

5.5 Conclusion
In this chapter, we set out to enquire whether the intergenerational transmission of longevity
was affected by other familial factors. We revisited the question asked by Gavrilov and Gavrilova
(2015) and You, Gu, and Yi (2010) with extensive data on familial mortality that contained
continuous information on familial resources and was more comparable to the general
population. Using newly available demographic data, effects of parental longevity, offspring
survival, high infant mortality in the sibship, familial fertility history, and shared socio-economic
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resources on offspring survival were modelled for 16,905 disjoint families. This sample is unique
in terms of sample size, available demographic information, and observation period, enabling us
to follow offspring survival for 101,577 children from 16,905 disjoint families with information on
parental longevity and a wide range of other familial resources. By testing the effects of parental
longevity with other familial factors, we were able to determine whether the beneficial effect of
having long-lived parents was dependent on other familial resources.
It turns out that parental longevity determined survival between ages 5 and 100. The association
between parental longevity and offspring survival was not affected by other familial factors, and
was the most important familial factor affecting offspring survival. At each moment after age 5,
offspring of long-lived fathers and long-lived mothers have a survival advantage of approximately
20% over individuals without long-lived parents. This survival advantage is stable over a
remarkably long period of time and cannot be explained by high infant mortality in the sibship,
familial fertility histories, or shared socio-economic resources, which shows that the beneficial
effects of having a long-lived parent are most probably genetic in nature. We have reported no
significant survival differences between offspring of long-lived mothers and offspring of long-lived
fathers between ages 5 and 100, but we did observe such effects prior to age 5. In earlier studies,
a maternal effect was positively found (Bocquet-Appel & Jakobi, 1990; Kemkes-Grottenthaler,
2004; Kerber et al., 2001; Piraino et al., 2014; Salaris, Tedesco, & Poulain, 2013; Van den Berg et
al., 2018; Westendorp & Kirkwood, 2001). These studies offered possible explanations of
longevity being transmitted by mitochondrial DNA, since offspring only obtain mitochondrial (mt)
DNA through mothers (Van den Berg et al., 2018). Offspring of long-lived mothers had a survival
advantage over offspring of long-lived fathers and non-long-lived parents only during the initial 5
years of life, also in a subsample where offspring did not lose their parent. This may indicate that
the mitochondrial function – the energy regulator of the cell – contributes to longevity mainly by
early developmental benefit and/or hints at the importance of having a healthy mother for in
utero development in a high mortality environment (Floud et al., 2011; Van den Berg et al., 2018;
Wrigley, 2004).
Between ages 5 and 100, parental longevity was by far the strongest and only beneficial predictor
of offspring survival. However, offspring survival was also affected by mortality clustering within
the family. The enduring effects over the life course of high sibling infant mortality are well
documented for southern Sweden (Bengtsson & Lindström, 2000, 2003; Quaranta, 2013) and
have recently been found for the Netherlands and Utah (Van Dijk et al., 2018). High sibling infant
mortality indicates that there might be something going structurally “wrong” in these families. It
is too early to say what the underlying mechanism is, but these findings underline that familial
clustering of mortality is an important indicator of “familial frailty” (Vaupel, 1988) that, just like
parental longevity, can be inherited. Such effects might also apply to offspring who had shortlived parents. However, the impact of having short-lived parents is less well studied (Mourits,
2017a; Vaupel, 1988).
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Table 5.5. The association between familial resources and offspring survival between ages 0 and 5
Noffspring

Nfamilies

HR + 95% CI

p-value

Parental longevity
▪ No top 5% parent
▪ Father top 5%, mother not top 5%
▪ Mother top 5%, father not top 5%+
▪ Both parents top 5%

87,780
7,782
5,473
542

14,766
1,166
881
82

Ref.
0.92 (0.86–0.98)
0.83 (0.76–0.90)
0.75 (0.58–0.97)

Ref.
0.002
<0.001
0.014

Infant mortality
Number of infant deaths in F2
▪0
▪1
▪2
▪ 3+

34,355
28,223
17,273
21,726

8,086
4,651
2,176
2,052

Ref.
1.51 (1.44–1.58)
1.82 (1.73–1.92)
2.12 (2.01–2.24)

Ref.
<0.001
<0.001
<0.001

1,886
3,392
4,814
91,485

1,886
1,696
1,605
11,718

1.74 (1.55–1.95)
1.55 (1.42–1.69)
1.33 (1.23–1.44)
Ref.

<0.001
<0.001
<0.001
Ref.

21,972
60,948
18,657

2,978
9,979
3,948

Ref.
0.81 (0.78–0.85)
0.71 (0.67–0.75)

Ref.
<0.001
<0.001

7,698
70,033
23,846

–
–
–

0.94 (0.87–1.02)
0.95 (0.91–0.99)
Ref.

0.368
0.002
Ref.

14,725
76,526
10,326

–
–
–

0.87 (0.80–0.93)
0.95 (0.90–1.00)
Ref.

<0.001
0.126
Ref.

18,162
2,013
33,872
46,655
875

2,597
308
5,498
8,215
287

0.74 (0.70–0.78)
1.08 (0.96–1.22)
0.98 (0.95–1.02)
Ref.
0.81 (0.67–0.97)

<0.001
1.000
1.000
Ref.
0.010

43,222
41,534
16,821

–
–
–

0.85 (0.80–0.89)
0.95 (0.90–0.99)
Ref.

<0.001
0.005
Ref.

Familial fertility histories
Number of offspring in F2*
▪1
▪2
▪3
▪ 4+
Parental birth spacing*
▪ <1.5
▪ 1.5–2.5
▪ >2.5
Age of father at birth of ego
▪ <25
▪ 25–40
▪ >40
Age of mother at birth of ego
▪ <25
▪ 25–40
▪ >40
Shared socio-economic resources
SES father
▪ Farmers
▪ Elite
▪ Middle strata
▪ Labourers
▪ NA
Number of living siblings at birth of ego
▪ 0–1
▪ 2–4
▪ 5+

Notes: The models are controlled for sex and birth cohort (per 10 years). The models only show significant
variables. See Table 5.2 for the effects of the following: having a late-reproducing mother, parental migration,
the (sex-specific) birth order, and the age of the father at birth. Short and long birth intervals occurred both in
small and large families. Moreover, there was no interaction between sibship size and birth spacing (see Table
5A.5 in the Appendix). The effects of maternal longevity on offspring survival do not disappear after controlling
for losing a parent before age 5 (see Table 5A.7 in the Appendix).
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Before age 5, the effects of parental longevity are small in comparison to the effects of high infant
mortality in the sibship, familial fertility history, and shared socio-economic resources. We were
able to replicate the effects of mortality clustering, parental birth spacing, the age of the mother
at birth, the age of the father at birth, and sibling rivalry at birth between ages 0 and 5. However,
we found no effects of having a late-reproducing mother, the birth order, or sex-specific birth
orders after we had controlled for the other socio-economic effects and corrected for effects of
multiple testing, even though these have been reported in earlier studies (Barclay & Kolk, 2015;
Donrovich, Puschmann, & Matthijs, 2014; Engelen & Wolf, 2011; Hin, Ogórek, & Hedefalk, 2016;
Smith et al., 2014; Sommerseth, 2018; Van Dijk & Mandemakers, 2018). The number of siblings
who survived infancy is the best indicator of survival before age 5. Whether the results we have
found for this age group hint at biological or environmental effects is uncertain. Most probably,
several effects are at work. First, there is the importance of maternal health or maternal genetic
influence on development: long-lived mothers, families with longer birth spacing, and younger
mothers produce offspring who live longer. Having an old father also lowers offspring survival,
but the effect is relatively small and does not seem to increase linearly with age. Second, there is
the importance of parental care and socio-economic resources: not losing a parent, having a
farmer as a father, or having fewer siblings at birth increase survival. Third, there might be some
inherited frailty, as offspring of parents who died in early adulthood and individuals from small
sibling sets have higher mortality rates. These effects are in line with earlier findings in the
literature (Van Dijk, 2019b), although we have provided additional evidence for the importance
of familial frailty on offspring survival.
The major strength of our analysis rests in the scope and range of our data set. Theoretical insights
from a wide range of studies could be tested, as our sample contained familial information on
mortality, fertility, and socio-economic resources for more than 100,000 individuals. This allowed
us to simultaneously test a wide range of hypotheses and correct for effects of multiple testing,
minimizing the risk that one of our findings was a false positive. Second, we followed the survival
of offspring over a continuous period of time, rather than testing whether offspring of long-lived
parents were more likely to be long-lived themselves. This showed us that maternal health or
genetics and available socio-economic resources only affected offspring survival during the initial
5 years of life, whereas mortality clustering determined survival over the entire life course. Third,
longevity is defined as a top percentage of the general population, rather than a share of the
oldest individuals in our data set. Regional data sets contain fewer observations than countrywide
life tables and are affected by outmigration. Hence, we have a more valid definition of parental
longevity. Fourth, we used multiple cut-offs to define parental longevity. This allowed us to verify
that our results were not dependent on our definition of paternal longevity. Lastly, we made sure
that families were not over-represented in this sample by removing half-siblings from the data
and ensuring that offspring in our data set did not return as parents. Hence, our effects were not
affected by parents who reproduced with more than one spouse.
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Nevertheless, there are also some features of our data set that deserve extra attention. First, we
were not able to control for a variety of forms of parental behaviour, such as breastfeeding
practices, daily diets, and alcohol consumption. These effects are known determinants of
offspring survival in early life and may also affect survival in later life (Black et al., 2008;
Cnattingius et al., 1998; Hill et al., 2000; Huizink & Mulder, 2006; Ji et al., 1997; van den Boomen
& Ekamper, 2015; Walhout, 2010). Second, the age at death is not known for about 20% of the
offspring in our sample. These censored observations are caused by the unavailability of death
certificates after 1962 and outmigration, as death certificates are unavailable for those who
migrated out of the province. Because mortality information is not available for outmigrants, we
cannot generalize our findings to the whole Zeeland population. Third, it should be noted that we
have studied a historical population and some of our effects are known to be subject to change
over time. For example, the negative effects of short birth intervals remain to this day (Dewey &
Cohen, 2007; Kozuki et al., 2013), but are less severe than they were 150–200 years ago.
Furthermore, socio-economic effects on differences in survival have most probably increased
over time, as they were weak at best in the 19th century (Bengtsson & van Poppel, 2011;
Edvinsson & Lindkvist, 2011). Today, socio-economic effects on differences in survival are almost
axiomatic and more connected to education than access to food (Edvinsson & Broström, 2012;
Elo, 2009; Mackenbach et al., 2008), making it likely that the effects of parental socio-economic
status has a different effect on offspring survival (Clouston et al., 2016; Edvinsson & Broström,
2012; Smith et al., 2009b; Zimmer, Hanson, & Smith, 2016a). Finally, levels of child mortality have
decreased dramatically since the 1880s (HMD, 2018) and nowadays have hardly any impact on
an individual’s chances of becoming long-lived. As a result, the association between parental
longevity and offspring survival might now also be applicable to the first 5 years of life.
Parental longevity was the most important familial resource for offspring survival. Its beneficial
effect on offspring survival is most probably genetic in nature, as it cannot be explained by other
familial resources and it is transmitted equally by both fathers and mothers. Besides parental
longevity, familial frailty – measured by high sibling infant mortality – also had a significant effect
on offspring survival. Hence, high infant mortality in the sibship was the most important familial
factor in the prediction of offspring survival and offspring longevity. However, it would be
incorrect to state that offspring survival and offspring longevity were solely determined by familial
mortality levels. Before offspring could benefit from having a long-lived parent, they had to
survive the perilous first 5 years of life. More than one in three of all newborns in our data set
died before age 5, meaning that selections on who could become long-lived were to a large extent
already made in the first 5 years of life. The factors affecting survival during ages 5–100 and 0–5
were different from the factors affecting mortality between ages 5 and 100, and were strongly
determined by familial fertility histories and socio-economic resources, which did not affect
survival after age 5. Therefore, future studies on the inheritance of parental longevity would do
well to control for mortality before age 5.
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5A Appendix
Table 5A.1. The association between familial resources and offspring survival between ages 5 and 100; full table
N

Mortality
HR + 95% CI
p-value

Fertility
HR + 95% CI
p-value

Resources
HR + 95% CI
p-value

Full model
HR + 95% CI
p-value

Noffspring

Nfamilies

Parental longevity
No top 5% parent
Father top 5%, mother not top 5%
Mother top 5%, father not top 5%
Both parents top 5%

45,930
4,294
3,236
340

14,766
1,072
822
79

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.70 (0.58–0.85)

<0.001
<0.001
<0.001

Ref.
0.82 (0.77–0.88)
0.79 (0.73–0.84)
0.70 (0.57–0.87)

<0.001
<0.001
<0.001

Ref.
0.82 (0.77–0.88)
0.79 (0.73–0.84)
0.70 (0.56–0.86)

<0.001
<0.001
<0.001

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.70 (0.58–0.85)

Ref.
<0.001
<0.001
<0.001

Controls
Sex (female)
Birth cohort (per 10 years)

27,421
53,800

12,385
15,075

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

STRATA
STRATA

Infant mortality
Number of infant deaths in F2
▪0
▪1
▪2
▪ 3+

22,619
15,073
7,933
8,175

5,287
2,348
1,107
959

Ref.
1.01 (0.97–1.04)
1.01 (0.97–1.06)
1.04 (1.00–1.09)

Ref.
1.000
1.000
0.047

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–

Ref.
1.01 (0.97–1.04)
1.01 (0.97–1.06)
1.04 (1.00–1.09)

Ref.
1.000
1.000
0.047

3,446

462

–

–

0.99 (0.92–1.06)

1.000

–

–

–

–

978
1781
2678
48363

978
893
913
6,917

–
–
–
–

–
–
–
–

1.02 (0.91–1.15)
0.99 (0.91–1.09)
1.05 (0.97–1.13)
Ref.

1.000
1.000
1.000
Ref.

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–

9,509
32,857
11,704
10,871

1,517
5,608
2,576
1,563

–
–
–
–

–
–
–
–

Ref.
0.96 (0.92–1.01)
0.97 (0.92–1.02)
0.99 (0.95–1.04)

Ref.
0.152
1.00
1.00

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–

9,698
10,458
7,580
26,064

–
–
–
–

–
–
–
–

–
–
–
–

0.95 (0.89–1.01)
0.96 (0.90–1.02)
Ref.
0.96 (0.91–1.01)

0.246
0.498
Ref.
0.434

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–

Familial fertility histories
Late-reproducing mother
Number of offspring in F2
▪1
▪2
▪3
▪4
Parental birth spacing
▪ <1.5
▪ 1.5–2.5
▪ >2.5
Parents migrated
Birth order of ego
▪ First
▪ Middle
▪ Last
▪ Others
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Age of father at birth of ego
▪ <25
▪ 25–40
▪ >40
Age of mother at birth of ego
▪ <25
▪ 25–40
▪ >40
Shared socio-economic resources
SES of father
▪ Elite
▪ Farmers
▪ Middle strata
▪ Labourers
▪ NA
Number of siblings alive at birth
▪ 0–1
▪ 2–4
▪ 5+
Number of siblings alive at age 5
▪ 0–1
▪ 2–4
▪ 5+
Sex-specific birth order, daughters
▪ First daughter
▪ Other siblings
▪ Last daughter
Sex-specific birth order, sons
▪ First son
▪ Other siblings
▪ Last son

4,435
37,386
11,979

–
–
–

–
–
–

–
–
–

0.96 (0.89–1.03)
0.99 (0.95–1.03)
Ref.

1.000
1.000
Ref.

–
–
–

–
–
–

–
–
–

–
–
–

2515
6353
833

–
–
–

–
–
–

–
–
–

1.02 (0.94–1.10)
1.02 (0.96–1.09)
Ref.

1.000
1.000
Ref.

–
–
–

–
–
–

–
–
–

–
–
–

1,171
10,652
17,810
23,787
585

181
1,664
3,202
4,496
191

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

1.00 (0.88–1.04)
1.00 (0.96–1.05)
1.01 (0.98–1.05)
Ref.

1.000
1.000
1.000
Ref.

–
–
–
–
–

–
–
–
–
–

23,790
21,337
8,673

–
–
–

–
–

–
–

–
–
–

–
–
–

0.94 (0.88–1.02)
0.97 (0.92–1.03)
Ref.

0.311
1.000
Ref.

–
–

–
–

10,517
28,999
14,284

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

1.05 (0.98–1.13)
1.01 (0.96–1.07)
Ref.

0.481
1.00
Ref.

–
–
–

–
–
–

8,981
4,063
40,756

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

0.99 (0.92–1.06)
1.01 (0.95–1.07)
Ref.

1.000
1.000
Ref.

–
–
–

–
–
–

8,214
4,068
41,518

–
–
–

–
–
–
–

–
–
–
–

–
–
–

–
–
–

0.96 (0.89–1.03)
0.96 (0.91–1.03)
Ref.

1.000
1.000
Ref.

–
–
–
–

–
–
–
–
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Table 5A.2. The association between familial resources and offspring survival between ages 0 and 5; full table
N
Parental longevity
No top 5% parent
Father top 5%, mother not top 5%
Mother top 5%, father not top 5%
Both parents top 5%
Controls
Sex (female)
Birth cohort (per 10 years)
Infant mortality
Number of infant death in F2
▪0
▪1
▪2
▪ 3+
Familial fertility histories
Late-reproducing mother
Number of offspring in F2
▪1
▪2
▪3
▪4
Parental birth spacing
▪ <1.5
▪ 1.5–2.5
▪ >2.5
Parents migrated
Birth order of ego
▪ First
▪ Middle
▪ Last
▪ Others

Mortality
HR + 95% CI
p-value

Fertility
HR + 95% CI
p-value

Resources
HR + 95% CI
p-value

Full model
HR + 95% CI
p-value

Noffspring

Nfamilies

87,780
7,782
5,473
542

14,766
1,166
881
82

Ref.
0.91 (0.85–0.96)
0.83 (0.77–0.89)
0.74 (0.59–0.94)

Ref.
<0.001
<0.001
0.003

Ref.
0.91 (0.85–0.98)
0.80 (0.74–0.87)
0.74 (0.57–0.97)

Ref.
0.001
<0.001
0.015

Ref.
0.91 (0.84–0.98)
0.78 (0.71–0.85)
0.69 (0.53–0.91)

Ref.
0.001
<0.001
0.001

Ref.
0.92 (0.86–0.98)
0.83 (0.76–0.90)
0.75 (0.58–0.97)

Ref.
0.002
<0.001
0.014

49,210
101,577

16,905

0.83 (0.81–0.85)
1.05 (1.04–1.06)

<0.001
<0.001

0.82 (0.80–0.85)
1.04 (1.03–1.06)

<0.001
<0.001

0.83 (0.80–0.86)
1.03 (1.02–1.05)

<0.001
<0.001

0.83 (0.80–0.85)
1.02 (1.01–1.04)

<0.001
<0.001

34,355
28,223
17,273
21,726

8,086
4,651
2,176
2,052

Ref.
1.46 (1.41–1.52)
1.75 (1.67–1.83)
2.10 (2.01–2.19)

Ref.
<0.001
<0.001
<0.001

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–

Ref.
1.51 (1.44–1.58)
1.82 (1.73–1.92)
2.12 (2.01–2.24)

Ref.
<0.001
<0.001
<0.001

6,215

743

–

–

0.96 (0.88–1.04)

1.000

–

–

–

–

1,886
3,392
4,814
91,485

1,886
1,696
1,605
11,718

–
–
–
–

–
–
–
–

1.21 (1.08–1.36)
1.13 (1.03–1.23)
1.04 (0.96–1.13)
Ref.

<0.001
0.006
1.000
Ref.

–
–
–
–

–
–
–
–

1.74 (1.55–1.95)
1.55 (1.42–1.69)
1.33 (1.23–1.44)
Ref.

<0.001
<0.001
<0.001
Ref.

21,972
60,948
18,657
20,349

2,978
9,979
3,948
2,683

–
–
–
–

–
–
–
–

0.74 (0.71–0.77)
0.56 (0.53–0.59)
Ref.
0.98 (0.93–1.02)

<0.001
<0.001
Ref.
1.000

–
–
–
–

–
–
–
–

Ref.
0.81 (0.78–0.85)
0.71 (0.67–0.75)
–

Ref.
<0.001
<0.001
–

16,901
19,486
15,010
50,180

–
–
–
–

–
–
–
–

–
–
–
–

0.92 (0.87–0.98)
0.98 (0.92–1.03)
Ref.
0.97 (0.93–1.02)

0.001
1.000
Ref.
1.000

–
–
–
–

–
–
–
–

–
–
–
–

–
–
–
–
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Age of father at birth of ego
▪ <25
▪ 25–40
▪ >40
Age of mother at birth of ego
▪ <25
▪ 25–40
▪ >40
Shared socio-economic resources
SES of father
▪ Elite
▪ Farmers
▪ Middle strata
▪ Labourers
▪ NA
Number of siblings alive at birth
▪ 0–1
▪ 2–4
▪ 5+
Sex-specific birth order, daughters
▪ First daughter
▪ Other siblings
▪ Last daughter
Sex-specific birth order, sons
▪ First son
▪ Other siblings
▪ Last son

7,698
70,033
23,846

–
–
–

–
–
–

–
–
–

0.92 (0.85–0.99)
0.94 (0.90–0.98)
Ref.

0.016
<0.001
Ref.

–
–
–

–
–
–

0.94 (0.87–1.02)
0.95 (0.91–0.99)
Ref.

0.368
0.002
Ref.

14,725
76,526
10,326

–
–
–

–
–
–

–
–
–

0.83 (0.77–0.89)
0.93 (0.88–0.99)
Ref.

<0.001
0.005
Ref.

–
–
–

–
–
–

0.87 (0.79–0.93)
0.95 (0.91–1.00)
Ref.

<0.001
0.126
Ref.

2,013
18,162
33,872
46,655
875

308
2,597
5,498
8,215
287

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

–
–
–
–
–

1.09 (0.95–1.24)
0.77 (0.73–0.82)
0.97 (0.93–1.02)
Ref.
0.85 (0.70–1.03)

1.000
<0.001
1.000
Ref.
0.212

0.74 (0.70–0.78)
1.08 (0.96–1.22)
0.99 (0.96–1.03)
Ref.
0.81 (0.67–0.97)

<0.001
1.000
1.000
Ref.
0.010

43,222
41,534
16,821

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

0.76 (0.72–0.80)
0.86 (0.83–0.90)
Ref.

<0.001
<0.001
Ref.

0.85 (0.83–0.89)
0.95 (0.90–0.99)
Ref.

<0.001
0.005
Ref.

14,975
79,054
7,548

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

0.95 (0.89–1.02)
1.00 (0.94–1.05)
Ref.

0.464
1.000
Ref.

–
–
–

–
–
–

15,258
77,940
8,379

–
–
–

–
–
–

–
–
–

–
–
–

–
–
–

0.98 (0.92–1.05)
0.99 (0.93–1.04)
Ref.

1.000
1.000
Ref.

–
–
–

–
–
–
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Table 5A.3. The association between familial resources and offspring survival between ages 5 and 100; robustness checks
N

Mortality
HR + 95% CI
p-value

Fertility
HR + 95% CI
p-value

Resources
HR + 95% CI
p-value

Full model
HR + 95% CI
p-value

Noffspring

Nfamilies

Top 5%
No top 5% parent
Father top 5%, mother not top 5%
Mother top 5%, father not top 5%
Both parents top 5%

45,930
4,294
3,236
340

14,766
1,072
822
79

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.70 (0.58–0.85)

<0.001
<0.001
<0.001

Ref.
0.82 (0.77–0.88)
0.79 (0.73–0.84)
0.70 (0.57–0.87)

<0.001
<0.001
<0.001

Ref.
0.82 (0.77–0.88)
0.79 (0.73–0.84)
0.70 (0.56–0.86)

<0.001
<0.001
<0.001

Ref.
0.82 (0.77–0.88)
0.79 (0.73–0.84)
0.70 (0.57–0.87)

<0.001
<0.001
<0.001

Top 10%
No top 10% parent
Father top 10%, mother not top 10%
Mother top 10%, father not top 10%
Both parents top 10%

38,483
7,821
5,965
1,531

11,154
2,003
1,548
370

Ref.
0.83 (0.80–0.87)
0.80 (0.77–0.84)
0.76 (0.69–0.83)

<0.001
<0.001
<0.001

Ref.
0.83 (0.79–0.88)
0.80 (0.76–0.85)
0.75 (0.68–0.83)

<0.001
<0.001
<0.001

Ref.
0.83 (0.79–0.87)
0.80 (0.76–0.85)
0.75 (0.68–0.83)

<0.001
<0.001
<0.001

Ref.
0.83 (0.80–0.87)
0.80 (0.77–0.84)
0.76 (0.69–0.83)

<0.001
<0.001
<0.001

Top 15%
No top 15% parent
31,161
9,239
Ref.
Ref.
Ref.
Ref.
Father top 15%, mother not top 15%
11,019
2,852 0.85 (0.82–0.88) <0.001 0.85 (0.81–0.89) <0.001 0.85 (0.81–0.89) <0.001 0.85 (0.82–0.88)
Mother top 15%, father not top 15%
8,214
2,150 0.82 (0.79–0.86) <0.001 0.82 (0.78–0.86) <0.001 0.82 (0.76–0.86) <0.001 0.82 (0.79–0.86)
Both parents top 15%
3,406
834 0.74 (0.70–0.79) <0.001 0.74 (0.69–0.80) <0.001 0.74 (0.69–0.80) <0.001 0.74 (0.70–0.79)
Notes: The effects of having a top 5% or top 10% parent are even stronger when contrasted with offspring who have two bottom 85% parents. Compared to
offspring with two bottom 85% parents, offspring with a top 5% father have a hazard ratio of 0.79 (CI: 0.74–0.83, p-value = <0.001) and offspring with a top 5%
mother have a hazard ratio of 0.75 (CI: 0.70–0.80, p-value = <0.001), while offspring with two top 5% parents have a hazard ratio of 0.67 (CI: 0.56–0.81, p-value
= <0.001). When we contrast the bottom 85% parents with the top 10% parents, these estimates are 0.81 (CI: 0.78–0.85, p-value = <0.001), 0.79 (CI: 0.75–0.83,
p-value = <0.001), and 0.74 (CI: 0.68–0.81, p-value = <0.001), respectively.
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<0.001
<0.001
<0.001

Table 5A.4. The association between familial resources and offspring survival between ages 0 and 5; robustness checks
N

Mortality
HR + 95% CI
p-value

Fertility
HR + 95% CI
p-value

Resources
HR + 95% CI
p-value

Full model
HR + 95% CI
p-value

Noffspring

Nfamilies

Top 5%
No top 5% parent
Father top 5%, mother not top 5%
Mother top 5%, father not top 5%
Both parents top 5%

87,780
7,782
5,473
542

14,766
1,166
881
82

Ref.
0.91 (0.85–0.96)
0.83 (0.77–0.89)
0.74 (0.59–0.94)

0.001
<0.001
0.003

Ref.
0.91 (0.85–0.98)
0.80 (0.74–0.87)
0.74 (0.57–0.97)

0.001
<0.001
0.015

Ref.
0.91 (0.84–0.98)
0.78 (0.71–0.85)
0.70 (0.53–0.91)

0.001
<0.001
0.001

Ref.
0.92 (0.86–0.98)
0.83 (0.76–0.90)
0.75 (0.75–0.97)

0.002
<0.001
0.014

Top 10%
No top 10% parent
Father top 10%, mother not top 10%
Mother top 10%, father not top 10%
Both parents top 10%

74,336
14,381
10,383
2,477

12,639
2,207
1,665
394

Ref.
0.92 (0.88–0.96)
0.85 (0.81–0.90)
0.76 (0.68–0.85)

<0.001
<0.001
<0.001

Ref.
0.92 (0.87–0.97)
0.83 (0.78–0.88)
0.74 (0.66–0.84)

<0.001
<0.001
<0.001

Ref.
0.92 (0.87–0.97)
0.81 (0.76–0.87)
0.72 (0.63–0.82)

<0.001
<0.001
<0.001

Ref.
0.93 (0.88–0.97)
0.85 (0.80–0.90)
0.78 (0.69–0.88)

<0.001
<0.001
<0.001

Top 15%
No top 15% parent
Father top 15%, mother not top 15%
Mother top 15%, father not top 15%
Both parents top 15%

60,963
20,388
14,511
5,715

10,538
3,155
2,314
898

Ref.
0.91 (0.87–0.94)
0.85 (0.81–0.89)
0.78 (0.73–0.84)

<0.001
<0.001
<0.001

Ref.
0.91 (0.87–0.95)
0.83 (0.79–0.88)
0.76 (0.70–0.83)

<0.001
<0.001
<0.001

Ref.
0.91 (0.87–0.96)
0.81 (0.77–0.86)
0.75 (0.68–0.81)

<0.001
<0.001
<0.001

Ref.
0.92 (0.88–0.96)
0.85 (0.81–0.89)
0.78 (0.72–0.85)

<0.001
<0.001
<0.001

Notes: The effects of having a top 5% or top 10% parent are even stronger when contrasted with offspring who have two bottom 85% parents. Compared to
offspring with two bottom 85% parents, offspring with a top 5% father have a hazard ratio of 0.89 (CI: 0.83–0.95, p-value = <0.001) and offspring with a top 5%
mother have a hazard ratio of 0.80 (CI: 0.74–0.86, p-value = <0.001), while offspring with two top 5% parents have a hazard ratio of 0.73 (CI: 0.56–0.94, p-value
= 0.003). When we contrast the bottom 85% parents with the top 10% parents, these estimates are 0.91 (CI: 0.86–0.96, p-value = <0.001), 0.84 (CI: 0.79–0.89, pvalue = <0.001), and 0.76 (CI: 0.68–0.86, p-value = <0.001), respectively.
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Table 5A.5. The association between birth spacing and offspring survival for small (two or three) and large (nine or more) sibships between ages 0
and 5
Two or three siblings
N
Final
Noffspring Nfamilies
HR + 95% CI
Parental birth spacing
<1.5
1.5–2.5
>2.5

1,933
3,000
3,273

798
1,202
1,301

Ref.
0.87 (0.76–0.98)
0.69 (0.61–0.78)

p-value
Ref.
0.010
<0.001

Nine or more siblings
N
Final
Noffspring Nfamilies
HR + 95% CI
13,694
31,938
1,769

1,087
2,959
191

Ref.
0.84 (0.79–0.89)
0.69 (0.59–0.81)

p-value
Ref.
<0.001
<0.001

Table 5A.6. The association between having a top 5% parent and offspring survival for offspring who did not lose a parent before age 5, between
ages 5 and 100

Noffspring

Sample, no selections
Final
Nfamilies
HR + 95% CI

45,930
4,294
3,236
340

14,766
1,072
822
79

N
Parental longevity
No top 5% parent
Father top 5%
Mother top 5%
Both parents top 5%

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.70 (0.58–0.85)

p-value

Noffspring

Both parents alive at age 5
Final
Nfamilies
HR + 95% CI
p-value

<0.001
<0.001
<0.001

41,365
4,097
3,027
340

11,952
1,022
784
79

N

Ref.
0.82 (0.78–0.87)
0.79 (0.74–0.84)
0.71 (0.58–0.85)

Ref.
<0.001
<0.001
<0.001

Table 5A.7. The association between having a top 5% parent and offspring survival for offspring who did not lose a parent before age 5, between
ages 0 and 5

Noffspring

Sample, no selections
Final
Nfamilies
HR + 95% CI

87,780
7,782
5,473
542

14,766
1,166
881
82

N
Parental longevity
No top 5% parent
Father top 5%
Mother top 5%
Both parents top 5%

Ref.
0.92 (0.86–0.98)
0.83 (0.76–0.90)
0.75 (0.75–0.97)

p-value

Noffspring

Both parents alive at age 5
Final
Nfamilies
HR + 95% CI
p-value

Ref.
0.002
<0.001
0.014

76,784
7,306
5,078
542

13,236
1,094
844
82

N
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Ref.
0.93 (0.86–1.00)
0.86 (0.79–0.93)
0.79 (0.61–1.01)

Ref.
0.038
<0.001
0.086
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Abstract
There are places that bring forth unexpectedly large numbers of long-lived individuals. In this
study, we explore which factors affect geographical clustering of longevity and indicate whether
survival advantages occur early in life, later in life, or over the entire life span. The mortality data
used to reconstruct the life spans of the 1812–62 Zeeland cohort covers 150 years, resulting in a
sample of 176,577 individuals from 101 municipalities. We found evidence of longevity clustering
for women. Geographical patterns in longevity were similar for men, but not statistically
significant. For both sexes, the environment affects individuals over the entire life course and not
just in early or later life. Inhabitants of neighbouring municipalities resemble each other in their
chances of becoming long-lived, because their home towns had similar agricultural practices,
demographic pressure, and levels of poverty, whereas the religious denomination or population
density of a municipality had no effect on individual chances of becoming long-lived. Our findings
underline the importance of the living environment for individual chances of becoming long-lived.
Moreover, they show that geographical clustering of longevity in Zeeland was explained by an
interaction between human behaviour and the environment that affected individual survival
chances over the entire life span.
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6.1 Introduction
Multiple studies have shown that there are places that bring forth unexpectedly large numbers
of long-lived individuals. Geographical clustering of longevity occurs at a global (Poulain, Herm, &
Pes, 2013; Rosero-Bixby, Dow, & Rehkopf, 2013), national (Gavrilov & Gavrilova, 2015;
Montesanto et al., 2017), and regional level (Caselli & Lipsi, 2006; Pes et al., 2013; Roli et al.,
2012). However, much ground has yet to be covered in understanding how the living environment
can affect an individual’s chances of becoming long-lived. Geographical studies on the
contemporary clustering of longevity have linked geographical features to healthy lifestyles. At a
global level, abstinence from alcohol and smoking, geographical isolation, and healthy diets are
used to explain longevity clusters (Lindahl-Jacobsen et al., 2013; Pes et al., 2013; Temby & Smith,
2014). However, whether and how geographical features themselves affect longevity and
clustering is less well understood. Isolated, mountainous regions have been associated with
increased individual chances of becoming long-lived, but insights into reasons for regional
longevity clustering do not reach much further (Pes et al., 2013; Roli et al., 2012). We argue that
historical demographic research can yield further insights into the mechanisms behind
geographical clustering of longevity as well as environmental influences on longevity in general.
The historical literature on the association between the environment and mortality has focused
on three factors: religion, soil type, and urbanization (Devos & Van Rossem, 2017; van den
Boomen & Rotering, 2018; Wolleswinkel-van den Bosch et al., 2001). Religion is used as a proxy
for more temperate lifestyles, causing abstinence from alcohol and tobacco, and networks of care
and social support (Koenig, King, & Carson, 2012; Kok, 2017). Soil type has been associated with
lack of access to clean drinking water and disease environments, which increase exposure to
infectious diseases. Moreover, farm sizes and agricultural practices differed considerably by soil
type, affecting access to food and local diets (Devos & Van Rossem, 2017; Hedefalk, Quaranta, &
Bengtsson, 2017; Hofstee, 1981; van den Boomen & Ekamper, 2015; van den Boomen & Rotering,
2018; Wolleswinkel-van den Bosch et al., 2001). Finally, urbanization is thought to increase
mortality, as the possible beneficial effects of available services are negated by the negative
effects of overcrowding, cottage industry, and slum-dwelling (see, e.g., Eggerickx & Debuisson,
1990; Kesztenbaum & Rosenthal, 2011; Reher, 2001; Van der Woud, 2010; Van Rossem,
Deboosere & Devos, 2017; Vögele, 1998). However, in less overcrowded regions, living in an
urban environment could also be beneficial for survival in later life (Gagnon et al., 2009; Temby
& Smith, 2014). Hence, the historical literature has established multiple pathways through which
the environment can affect human survival. However, whether these pathways also affect
individual chances of becoming long-lived has yet to be explored.
The historical frameworks that link the environment to human mortality are tested from a lifecourse perspective. Currently, we know that longevity clusters geographically, but not at which
ages these environments are associated with significant survival advantages. When many people
live to advanced ages, this shows that certain environments benefit human survival. However,
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this could have happened early in life, later in life, or consistently over the life course. Therefore,
not only is our insight into the geographical determinants of longevity limited, but so is our
understanding of when these factors benefit human survival. One needs to wonder when the
environment affects survival, as environmental effects might differ by age. Sardinia is, for
example, known for its high share of centenarians (Poulain, Herm, & Pes, 2013), but it is not
known for its low mortality rates between ages 85 and 94 in comparison to other regions in
Europe (Ribeiro et al., 2016). The study of whether longevity clustering increases or decreases
over the life course helps to pinpoint which causes of mortality are suppressed, and in turn can
yield important insights into the mechanisms underlying geographical clustering of longevity.
In this chapter, we use 150 years of mortality data to study geographical clustering of longevity
for 101 municipalities in the Dutch province of Zeeland. We explain how theoretical frameworks
based on interregional differences in child mortality can also be applied to longevity clustering in
this island region. Data on 176,577 individuals from 101 municipalities in Zeeland is used to
answer whether and why longevity clustered geographically in Zeeland. First, geographical
clustering in the proportion of long-lived individuals per municipality is estimated. Second, we
test whether the spatial clustering changes when we model longevity clustering for women and
men separately. Third, we test whether the clustering degree of longevity is stable over the entire
life course. Fourth, we test for environmental factors to see if these geographical features explain
the spatial clustering. Lastly, we use these outcomes to reflect on the existing theoretical
framework. This will help us answer four questions: (1) Did longevity cluster in certain
municipalities in Zeeland? (2) Is the clustering of longevity in Zeeland sex-specific? (3) Is the spatial
clustering of longevity stable over time? and (4) Which environmental factors affected longevity?

6.2 The Zeeland context
In this section, we discuss how the geographical features of Zeeland might have affected
individual chances of becoming long-lived. Zeeland is an island archipelago in the south-west of
the Netherlands, bordering Belgium and the North Sea. The region is interesting for a case study
on the relationship between the living environment and longevity for multiple reasons. First, the
province was mixed in terms of religion, accommodating Roman Catholic, liberal Protestant, and
orthodox Protestant religious communities (Knippenberg, 1992). This allows us to disentangle
religious composition and geographical features. Second, the province was a coastal region with
one dominant soil type: clay (WUR-Alterra, 2006). Health risks associated with access to clean
drinking water were similar for the entire province. Yet there were important differences
between municipalities on sandy clay soils and on clay soils in terms of waterlogging and
agricultural practices. This makes it possible to focus more deeply on the effects underlying the
mortality differences between clay and sand regions. Third, Zeeland is a largely rural province
(Bras, 2002; Priester, 1998; Van Leeuwen & Maas, 2007) that did not strongly urbanize during the
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19th century. Therefore, differences in survival between cities and rural towns are less likely to
be caused by overcrowding. Most importantly, however, Zeeland is not known as a healthy
environment. During the 19th century, Zeeland had little population growth due to high
mortality4 and outmigration (Hofstee, 1981; Nederlandsche Maatschappij tot Bevordering der
Geneeskunst, 1879; Van den Berg, Van Dijk, Mourits, et al., 2018). As a whole, these four
characteristics make Zeeland an interesting case to explore how religion, soil, and city size
affected individual chances of becoming long-lived.

6.2.1 Religion
Since the Reformation, the Netherlands has been a religiously divided country (Knippenberg,
1992). As a general rule of thumb, it can be said that the country was Protestant in the north,
whereas it was Roman Catholic in the south-east. Roman Catholicism was the dominant religion
in Brabant, Limburg, and the southern parts of Gelderland, whereas in the other provinces most
individuals were Protestant. The geographical divide between a Protestant north and a Roman
Catholic south makes it seem as though there were two homogenous religious regions in the
Netherlands. However, the “north” was not a religiously homogenous zone. First, religious
communities often collided with local borders, creating denominational and theological
differences between settlements. Roman Catholic religious communities can be found along the
Holland coastline, in the east of the country, in the south of Zeeland and – to a lesser degree – in
rural South Holland and western Utrecht (Knippenberg, 1992). Second, Protestantism refers to a
widely diverging group of churches among which the Dutch Reformed Church was by far the
largest. The dominant Dutch Reformed Church was an amalgam of different religious
communities, “ranging from ultra-liberal to ultra-orthodox” (Kok, 2017, p. 60). As such, most
provinces were a patchwork of liberal Protestant, orthodox Protestant and Roman Catholic
religious communities.
Zeeland also consisted of Roman Catholic, liberal Protestant, and orthodox Protestant
communities. In total, approximately half of the population was liberal Protestant, whereas one
quarter was Roman Catholic and another quarter orthodox Protestant (see Table 5A.1). Religion
had a significant impact on daily life, as the church instilled values and norms regarding family,
sexuality, and marriage (Kok, 2017). A wide range of literature has shown that religion is also
associated with mortality in later life. In general, religion is thought to decrease mortality rates
4

The high mortality was mainly caused by high infant mortality (Hoogerhuis, 2003; Van Dijk & Mandemakers,
2018). Relatively high mortality rates also existed between ages 18 and 85 (Van Dijk, Janssens & Smith, 2018),
but seem to be at least partly caused by selective outmigration (Van den Berg, Van Dijk, Mourits, et al., 2018).
When we look at survival at age 50, when migration reaches a low (Kok, 1997), the average age at death in
Zeeland is highly comparable to the average age at death in Utah, which is known for its long-lived population.
However, top survivors in Utah lived much longer than top survivors in Zeeland (Mourits, Smith & Janssens,
2018).
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by promoting temperance of alcohol, tobacco, and diets, helping followers cope with adversity,
and stimulating social support (Koenig, King, & Carson, 2012). Increased levels of survival have
been found among followers of religious communities with high levels of social control and strong
regulations on abstinence from alcohol and tobacco; for example, Mormons, Seventh-Day
Adventists, and Old Order Amish (Berkel, 1979; Fraser, 1999; Hamman, Barancik, & Lilienfeld,
1981; Lindahl-Jacobsen et al., 2013; Temby & Smith, 2014). These groups seem to show an
extreme example of a general principle: increased religious participation is associated with
decreased alcohol intake, less tobacco consumption, and a lower chance of a poor diet (Koenig et
al., 2012). These mechanisms are not only present in contemporary society. Around the turn of
the 20th century when, Liberal Protestants in the Netherlands – which were members of a highly
secularized church – had higher levels of old-age mortality than Orthodox Protestants, Roman
Catholics, or Jewish families (Kok, 2017). Furthermore, inactive Mormons in Utah had higher
mortality levels than active Mormons and a lower chance of becoming long-lived (LindahlJacobsen et al., 2013; Temby & Smith, 2014). Hence, increased involvement in a religious
community has been associated with increased survival rates.

6.2.2 Soil
Besides religion, regional differences have also been explained by differences between coastal
and inland regions (Devos & Van Rossem, 2017; Hofstee, 1981; van den Boomen & Rotering, 2018;
Wolleswinkel-van den Bosch et al., 2001). The difference between coastal and inland areas is
often summarized as a difference between sand and clay. In the inland municipalities where the
main soil type is sand, individuals had lower mortality rates than residents of municipalities
dominated by clay. Differences in survival by soil type have been explained by the disease climate,
access to clean drinking water, and agricultural traditions (Devos & Van Rossem, 2017; Hofstee,
1981). The first two explanations hypothesize that differences between porous sandy soils and
waterlogged clay soils are, in fact, a juxtaposition between drylands and wetlands (Hedefalk,
Quaranta, & Bengtsson, 2017; Munro et al., 1997). The wetlands were an excellent breeding
ground for pathogens. Waterlogging created pools and puddles that were fertile breeding
grounds for mosquitoes that transmitted malaria. Clean drinking water was also less readily
available on the coast than in inland regions. People were dependent on collecting rainwater, as
groundwater was often salinized or contaminated by faeces and waste from nearby cesspools
and canals. Hence, drinking surface water or using it for cleaning purposes was not without risk
(Hofstee, 1983; van den Boomen & Ekamper, 2015). A third explanation focuses on the relation
between soil type and intensive agriculture (Devos & Van Rossem, 2017). Sandy soils were
relatively unfertile and required intensive labour. As a result, inland farming was not restricted by
the availability of land, but by the amount of land that a farmer could work, whereas in coastal
regions farms were larger and relied on hired labour. Hence, the living environment determined
whether individuals produced their own food or were hired labourers.
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In Zeeland, differences in access to clean drinking water were practically non-existent, as
groundwater was salinized everywhere due to the close vicinity of the sea. To keep livestock
hydrated, farmers dug basins to collect rainwater (Priester, 1998) and inhabitants collected their
own drinking water from roofs in rainwater tanks. Some households had their own tanks, but it
was not uncommon that households in cities shared these water tanks (Hoogerhuis, 2003).
Moreover, except for its dune regions, Zeeland had no sandy soils (WUR-Alterra, 2006).
Nevertheless, significant differences existed in the use of clay and sandy clay soils (Priester, 1998).
The difference between clay and sandy clay corresponds with different polders in Zeeland, known
as oudland (old land) and nieuwland (new land). These terms – old and new land – refer to the
origin of different regions. The oudland was the first embanked land in the Zeeland delta, which
was reclaimed between AD 1000 and AD 1200. It is the lowest-lying land in Zeeland and consists
of clay resting on layers of peat. Due to high soil acidity and salinity, possibilities for agriculture
were limited as even crops resistant to saline and acid soils – beets, potatoes, grain, and madder
– were hard to grow on these fields. The nieuwland, where the soil consists of a mixture of sand
and clay, was much more fertile and was often used for agriculture (Priester, 1998). For our study,
it is important to know that the oudland was more likely to become waterlogged, was generally
used as grassland rather than farmland, and had smaller farms.
Pools and puddles of brackish water were an excellent breeding ground for malaria mosquitoes –
so much so, that Zeeland was notorious for its intermittent fevers (Van der Kaaden, 2003). In
particular, people new to the region and young children were at risk (Van der Kaaden, 2003; van
Poppel, Ekamper, & Mandemakers, 2018). Because rainwater could not easily seep away from
the oudland polders, one would expect a higher incidence of malaria in these regions of Zeeland.
However, life was not all bad in the oudland. Although livestock farming in Zeeland was rare,
grassland was more common in the oudland regions (Priester, 1998). Farmers’ wives were often
involved in cheesemaking to contribute to the household income. In general, this meant that
households were somewhat wealthier (Van Cruyningen, 2005). It also might have helped that
farms in the oudland were smaller (Priester, 1998) and required fewer farm labourers. The lower
dependency on farm labourers meant that more households produced their own food and were
not dependent on their employer or the market to acquire food. In general, farming seems to
have been beneficial for men, as farmers and – to a lesser degree – farm labourers lived longer
than other men (Edvinsson & Broström, 2012; Ferrie, 2003; Mourits, Smith, & Janssens, 2018;
Schenk & van Poppel, 2011; Smith et al., 2009a). For women, such an effect has never been found
(Alter, Dribe, & Van Poppel, 2007; Edvinsson & Broström, 2012; Schenk & van Poppel, 2011;
Zimmer, Hanson, & Smith, 2016a). Following this line of reasoning, individuals who produced their
own food might have had a better chance of becoming long-lived. Hence, inhabitants of
municipalities with smaller farms could have lived longer than individuals from towns with largescale farms that focused on market production.
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6.2.3 Urbanization
Besides religion and factors associated with soil use, we control for several characteristics of
urbanization in the Zeeland context. For Zeeland, the 19th century was a period of economic
decline. Before the 19th century, Zeeland had been a relatively wealthy province. Between 1600
and 1800, Zeeland was home to the Dutch West India Company and had a positive net migration
rate to attract labourers for the expanding economy (Priester, 1998). However, during the 19th
and early 20th centuries, the province was characterized by outmigration and many people left
for Rotterdam or the New World (Wintle, 1992). Steady outmigration was probably a way of
coping with the economic stagnation that occurred in Zeeland. The tendency to leave the
province can be attributed to an excess of labour force in the province (Priester, 1998). This
phenomenon also occurred in other saturated habitats that had little room for spatial or
demographic expansion (see, e.g., Voland & Dunbar, 1995). Besides relieving demographic
pressure from the less attractive municipalities in Zeeland, the outmigration also prevented
urbanization. Whereas elsewhere in the Netherlands cities grew like never before, resulting in
overcrowding and slums (Van der Woud, 2010), the population of Zeeland and its urban centres
grew only modestly (see Figure 6A.1 in the Appendix). Therefore, urban centres were not as
plagued by overcrowding as the rising metropoles. In many of the larger towns, people had their
own rain tanks or shared them with a limited number of people (Hoogerhuis, 2003). This might
have prevented survival disadvantages that plagued cities in the Netherlands during the 19th
century (Van Poppel, 1989).
Nevertheless, there were multiple towns with a regional function in Zeeland. Each island had one
or more larger towns that functioned as the centre of trade for the other rural towns (Bras, 2002).
These towns served as gateways to the islands and had small docks where regular passenger and
cargo shipments arrived and left. Oftentimes, these ships sailed to Middelburg and Rotterdam at
least once per week (De Kanter & Utrecht-Dresselhuys, 1824), so that the islands were never
really isolated from the outside world. There were also connections to Brabant, Antwerpen, Gent,
Brugge, and major cities in Holland, but to reach these places one generally had to travel over
Middelburg, Goes, Zierikzee, or Terneuzen. The island structure, with larger towns functioning as
gateways to the islands, meant that each island had a town that catered to the basic needs of the
inhabitants of the other rural settlements on the island. Therefore, most individuals never had to
leave the islands (Bras, 2002), unless they left to find work elsewhere.
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Figure 6.1. Islands and municipalities in Zeeland

Source: Hermsen (2018).

124

6.3 Data and variables
To study the effect of the living environment on individual survival, we use data from LINKS
Zeeland (Mandemakers & Laan, 2017). The LINKS data set contains family and life-course
reconstructions based on the Zeeland civil registry. Birth, marriage, and death certificates are
available between 1812 and 1912, 1937, and 1962, respectively. These certificates are matched
based on indexed names of ego, father, mother, and spouses. To ascertain the quality of our
sample, we selected individuals who were born in Zeeland between 1812 and 1862 and had
known family members (Van den Berg, Van Dijk, Mourits, et al., 2018). This resulted in a sample
of 232,838 individuals from 48,844 different families. Due to outmigration and a limited number
of failed linkages, no age at death was known for 56,261 individuals. We dropped these
individuals, as they moved out of the Zeeland context and no information on their age at death
was known. Hence, the resulting sample of 176,577 individuals consists of individuals who lived
and died in Zeeland. Table 6A.1 shows the number of observations per municipality.
Longevity was measured dichotomously. To be considered long-lived, men and women had to
belong to the oldest 10% from their sex-specific birth cohort as defined in earlier research (Van
den Berg et al., 2018). Thresholds for belonging to the top survivors are derived from Swedish
cohort life tables, since these are the only existing cohort life tables for the early 19th century
(HMD, 2018). This procedure prevents selection biases due to outmigration and, thus, false
inquiries into the nature of longevity. In our sample, the average share of long-lived people per
municipality is 5.8%, with a standard deviation of 1.3%. In total, 5.3% of all women and 6.4% of
all men could be considered long-lived, with standard deviations of 1.4% and 1.7%, respectively.
These estimations are below 10%, due to high infant mortality in comparison to Sweden and
outmigration in Zeeland.
Religion was retrieved from the 1869 census, which distinguishes between 17 different religious
denominations. For each municipality, we selected the religious denomination that was practised
by at least two thirds of the population. The Dutch Reformed municipalities were split up based
on their religious orientation towards liberalism or orthodoxy, as available for 1920. Members of
the Dutch Reformed Church elected their own church council, which in turn appointed a minister
to a parish. Hence, whether Dutch Reformed ministers in a municipality preached Liberal or
Orthodox theology is a good indication of how fundamentalist the Dutch Reformed religious
communities were (Kok, 2017). Municipalities that had only Vrijzinnig Hervormden (Liberal) or
Ethisch Hervormden (Ethical) ministers were coded as liberal, whereas municipalities with solely
Confessioneel Hervormden (Confessional) or Gereformeerd Hervormden (Reformed) ministers
were considered orthodox. Municipalities with both orthodox and liberal ministers were coded
as mixed. This procedure showed that there were 52 Liberal Protestant, 19 Orthodox Protestant,
and 17 Roman Catholic municipalities. In 13 municipalities, there was no religious majority. Figure
6A.2 in the Appendix shows the different religious denominations per municipality.
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Soil type was reconstructed using a soil map provided by the Alterra institute at the Wageningen
University (WUR-Alterra, 2006). The soil map shows, at a scale of 1:50,000, whether the soil is
composed of peat, sand, sandy clay (light or heavy), clay (light or heavy), or loam. For each
municipality, we determined the dominant soil type by overlaying the soil map with the municipal
map of Zeeland. As Zeeland is a river delta, clay and sandy clay are the most common soil types.
For our analyses, we distinguish between these two soil types as they refer to the oudland and
the nieuwland. Therefore, we make no distinction between light and heavy clay or light and heavy
sandy clay. There were three municipalities in which sand was the dominant soil type.5 These
municipalities have been added to the reference category. Hence, we identified 75 municipalities
with sandy clay and 26 municipalities with clay as their dominant soil type. Figure 6A.3 in the
Appendix shows the soil type per municipality.
The labour force working in agriculture is retrieved from the 1930 census as available in the
Historical Databank Nederlandse Gemeenten (Beekink et al., 2003), because municipal-level data
on the workforce was not available in the occupational censuses of 1889 and 1899. Domestic
work was often not included in the census. Therefore, we only included the male share of the
labour force working in agriculture. Figure 6A.4 in the Appendix shows the share of the labour
force working in agriculture per municipality. In the rural municipalities, occupations other than
farming were relatively rare. As such, the more men worked as farmers, the fewer men worked
in any of the other major economic sectors in Zeeland (see Table 6A.3 in the Appendix). We
further include the average net taxable income per person as available in the 1875 Verslag van
den landbouw (Ministerie van Binnenlandse Zaken, 1875). This document was compiled by the
Ministry of the Interior and contains information on the number of inhabitants from the 1869
census and net taxable income as mentioned by the Bescheiden betreffende de geldmiddelen,
published by the Treasury (Departement van Financiën, 1869). The net taxable income per person
refers to the estimated profit from agricultural land and buildings, controlled for the number of
inhabitants. This measure yields an insight into rural inequalities in income. As shown in Figure
6A.5 in the Appendix, the net taxable income per capita was lowest in cities. In the countryside,
however, differences in net taxable income per person varied significantly. There were
considerable differences between the municipalities in the size of farms and, as a result, the ratio
between agricultural labourers and farmers. A high per capita net taxable income shows that
farms were larger, were worked by more agricultural labourers, and focused on cash crops.
Therefore, a high per capita net taxable income can be seen as an indicator of inequality and a
preference for market-oriented agriculture.
The number of inhabitants and the population density are also retrieved from the 1875 Verslag
van den landbouw (Ministerie van Binnenlandse Zaken, 1875). Besides the number of inhabitants
and net taxable income, the 1875 Verslag van den landbouw also contains information on the size
5

Renesse and Haamstede near the dunes and Overslag in the most southern part of Zeeland.
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of the municipality in hectares and the population density. The population density was available
as a continuous variable, but had to be recoded before it could be entered into our analyses, as
the variable is not normally distributed. Most municipalities in Zeeland have, on average, a
population density of around 900 inhabitants per square hectare, ranging between 183 and 2,316
inhabitants per square hectare. However, seven municipalities – Goes, Hulst, Middelburg, Sluis,
Veere, Vlissingen, and Zierikzee – had between 4,000 and 12,000 inhabitants per square hectare.
Therefore, we recoded the variables into three categories: <1,000 inhabitants per square hectare,
1,000–2,500 inhabitants per square hectare, and >4,000 inhabitants per square hectare. Figures
6A.6 and 6A.7 in the Appendix show the number of inhabitants and populations density per
municipality.
Besides the degree of urbanization, we also indicate whether towns had a regional function for
other rural settlements. Each island had its own regional centre, where people traded and ferries
sailed to other ports in Zeeland. These towns were too small for slum-dwelling to occur, but
activities such as trade were more prominent in these towns than one would expect from a rural
town. To control for these unique characteristics of island centres, we measured the share of
traders in a municipality. Just like the labour force working in agriculture, the share of traders in
a municipality is retrieved from the 1930 census as available in the Historical Databank
Nederlandse Gemeenten (Beekink et al., 2003). Again, our analyses are based on the male
population. Except for agriculture, the share of the labour force working in trade was not
correlated with the share of the labour force in any of the other economic sectors in Zeeland (see
Table 6A.3 in the Appendix). Figure 6A.8 in the Appendix shows the share of the labour force
working in trade per municipality. Lastly, we include the net migration rate as an indicator of
demographic pressure and saturation of the labour market. The net migration rate is retrieved
from the Gemeentelijk Demografische Documentatie of the Central Bureau for Statistics as
available in the Historical Databank Nederlandse Gemeenten (Beekink et al., 2003). The migration
rate is measured as follows: the average number of immigrants in a municipality between 1851
and 1880 minus the average number of emigrants in a municipality between 1851 and 1880,
divided by the population size of the municipality. Figure 6A.9 in the Appendix shows the net
migration rate per municipality.
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Table 6.1. The correlation matrix of continuous variables
Number of
inhabitants
Number of inhabitants
Net taxable income per
capita
Share of labour force
working in agriculture
Share of labour force
working in trade
Net migration rate

Net taxable
income per
capita

Share of
labour force in
agriculture

Share of
labour force in
trade

Migration rate

1
–0.22

1

–0.54

0.22

1

0.60

–0.12

–0.70

1

0.14

–0.54

–0.19

0.13

1

6.3.1 The neighbourhood matrix
For our analyses, we use shapefiles provided by Boonstra (2007). The municipal borders in
Zeeland changed considerably during our period of observation. Between 1812 and 1862, the
number of municipalities decreased from 144 to 113. During the period of observation, the
number of municipalities decreased even further, down to 86 municipalities in 1962 (Van der
Meer & Boonstra, 2006). To be able to compare our birth cohorts, we selected the shapefiles
containing the municipal borders of 1860 to map differences between the Zeeland municipalities
and compute neighbourhood matrices. Due to restrictions in our data, we merged Eede and Sint
Kruis with Aardenburg, Kats with Kortgene, Schore with Kapelle, Bath and Rilland into RillandBath, Sint Anna ter Muiden and Heille with Sluis, and Boschkapelle, Hengstijk, Ossenisse, and
Stoppeldijk into Vogelwaarde. The resulting map for Zeeland is shown in Figure 6.1.
We tested which neighbourhood matrix was most accurate to calculate Moran’s I statistic of
spatial autocorrelation. Neighbourhood matrices define which municipalities border one another
and are required to compute clustering of longevity. Because Zeeland is an island region, water
could form a natural border between nearby municipalities. Therefore, neighbourhood matrices
can only be constructed for municipalities that neighbour one another. This can be done in two
ways, depending on whether one defines neighbours by geographical divides or human travel
routes. The first approach sees water as a natural border and sees municipalities that directly
border one another as neighbours. The second perspective not only identifies municipalities with
a land connection as neighbours, but also those that are connected by ferry. To be able to
determine whether longevity clustering was associated more strongly with environmental
features or human travel routes, we constructed two neighbourhood matrices.
The neighbourhood matrix that controlled for land connections contained all adjacent
municipalities, which were retrieved using the queen’s method. The graphical representation of
the corresponding neighbourhood matrix is shown in Figure 6.2A. The second neighbourhood
matrix contained both land and ferry connections, where the ferries sailed regularly between the
islands. We added the ferry lines as operating in 1824 (De Kanter & Utrecht-Dresselhuys, 1824)
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to the neighbourhood matrix retrieved using the queen’s method. The graphical representation
of the matrix is shown in Figure 6.2B. The ferry lines are shown as red dotted lines. It turned out
that spatial autocorrelation was higher when we used the neighbourhood matrix without ferry
connections. Neighbouring municipalities were more similar if we only took geographical
adjacency into account and not human travel routes. Hence, we used the queen’s method to
further study the geographical clustering of longevity in Zeeland.

Figure 6.2. Neighbouring municipalities (black) and ferry connections (red) in Zeeland

6.3.2 Method
To measure the geographical clustering of longevity, we ran empty multilevel models with
belonging to the top 10% as the dependent variable. From the residuals, we calculated Moran’s
I, which measures spatial autocorrelation. This procedure checked whether the chance of
becoming long-lived was similar for neighbouring municipalities or was randomly distributed over
the province. To determine whether the spatial clustering of longevity was stable over the life
course, we repeated the regression analyses four times. Each time, we used a different starting
age – 5, 20, 30, and 50 instead of 0 – to see whether spatial clustering of longevity in the null
models’ residuals increased, decreased, or remained stable if we moved the observation window.
An increasing Moran’s I means that spatial clustering is stronger at older ages, whereas a
decreasing Moran’s I hints at the importance of the environment in early life. A stable Moran’s I,
on the other hand, indicates that environmental features have a stable effect over the life course
on an individual’s chances of becoming long-lived.
If longevity clustered geographically, we violated an assumption of the multilevel regression
model and hence we cannot interpret the models until we can explain the spatial clustering.
Therefore, we added environmental variables (dominant religion, soil type, population density,
population size, net taxable income per capita, economic focus, and migration rate) to see if these
variables explained the spatial clustering. The main goal of these models is to see whether
Moran’s I decreases and becomes insignificant. In such cases, we conclude that certain
geographical indicators explain geographical clustering of longevity. This does not necessarily
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mean that the geographical features themselves explain clustering but, rather, that they are a
proxy for an underlying mechanism (e.g. soil type is a proxy for waterlogging, agricultural
traditions, etc.).

6.4 Results
In this section, we test whether individuals born in neighbouring municipalities had similar
chances of belonging to the top 10% longest-lived individuals. Chances of becoming long-lived are
estimated using multilevel regression models. We report the Moran’s I index of clustering to test
whether neighbouring municipalities resemble one another. First, a null model with no variables
is estimated for our entire sample to test whether the residuals in Zeeland clustered
geographically. Second, we estimate separate null models by sex to test whether geographical
clustering of longevity differed by sex. Third, we test whether clustering of longevity changes over
the life course. Four additional null models are estimated, from which all individuals who died
before age 5, 20, 30, or 50 are removed from the sample. Finally, we test whether we can explain
why nearby places resemble one another by controlling for religion, soil type, population density,
population size, net taxable income per capita, share of the labour force in agriculture, share of
the labour force in trade, and net migration rate. Effects are considered significant if the
corresponding p-value is lower than 0.05.

6.4.1 Did longevity cluster in Zeeland?
Figure 6.3 shows the average chance of belonging to the top 10% survivors for the Zeeland
municipalities. The scores are centred around the mean. Red tints indicate that the inhabitants of
a municipality had a below-average chance of belonging to the top 10% survivors, whereas green
tints show that the inhabitants had an above-average chance of belonging to the top 10%
survivors. Differences in the chance of belonging to the top 10% survivors are shown in terms of
standard deviations. The darker the colour, the stronger is the deviation from the mean.
In most municipalities, individual chances of becoming long-lived diverged little from the mean.
Nevertheless, there are multiple municipalities where the chance of belonging to the top 10%
survivors differs more than one standard deviation from the average chance of becoming longlived in Zeeland. These municipalities are spread over the entire province. A small group of
municipalities with low chances of belonging to the top 10% survivors is located in southern ZuidBeveland, whereas groups of municipalities with above-average chances of belonging to the top
10% survivors are located in western Walcheren and on Schouwen. However, the Moran’s I of
0.11 is not significant, which indicates that the resemblance between these neighbours is
probably based on chance.
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Figure 6.3. Clustering of individual chances of becoming long-lived in Zeeland

6.4.2 Is the spatial clustering of longevity in Zeeland sex-specific?
The average chance of belonging to the top 10% survivors in each of the Zeeland municipalities is
shown by sex in Figure 6.4. Figure 6.4A shows that the chance of belonging to the top 10%
survivors is quite similar for women from neighbouring municipalities. Although many
observations are still centred around the mean, municipalities with a standard deviation of more
than 1 from the mean now neighbour each other. Municipalities with above-average chances of
belonging to the top 10% survivors are located on Schouwen and west Zeeuws-Vlaanderen,
whereas municipalities with below-average chances of belonging to the top 10% survivors are
located in southern Zuid-Beveland. A Moran’s I of 0.29 indicates that longevity clustered
geographically for women in Zeeland.
There is little indication that longevity also clustered geographically for men. Municipalities in
which an usually high number of men belong to the top 10% survivors are more spread over the
island. Areas with below-average chances of belonging to the top 10% survivors seem to be
missing altogether, whereas there is a small group of municipalities with above-average chances
of belonging to the top 10% survivors in western Walcheren. The insignificant Moran’s I of 0.09
indicates that there is no evidence of geographical clustering of longevity for men.
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Figure 6.4. Clustering of individual chances of becoming long-lived in Zeeland; women and men

6.4.3 Is the spatial clustering of longevity in Zeeland stable over time?
Now that we have established that there is significant clustering for women, but not for men, we
test whether the clustering of longevity is stable over time. For both sexes, we estimate whether
the chances of belonging to the top 10% survivors in neighbouring municipalities resemble each
other more when we exclude mortality between ages 0–5, 0–20, 0–30, and 0–50. The outcomes
of this procedure are shown in Table 6.2.
When we estimate the chances of belonging to the top 10% survivors from birth, we retrieve a
Moran’s I of 0.29 for women. If we estimate the chance of belonging to the top 10% survivors
from ages 5 or 20, the Moran’s I increases slightly to 0.33. Estimating the chance of belonging to
the top 10% survivors from age 30 or 50 marginally increases the clustering of longevity further,
to 0.35. Except for the first 5 years of life, clustering of longevity, thus, seems to be stable for
women.
When we estimate the male chance of belonging to the top 10% survivors from birth, the
retrieved Moran’s I is 0.09. This geographical clustering hardly changes if we used a different
interval. Estimating male chances of belonging to the top 10% survivors from age 5, 20, 30, or 50
causes the Moran’s I to vary between 0.08 and 0.12. The spatial correlations are all insignificant.
Also for men, the geographical clustering of the chance of belonging to the top 10% survivors
seems to be stable over time.
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Table 6.2. Moran’s I index of clustering by sex
0
5
20
30
50

Women

Men

0.29
0.33
0.33
0.35
0.35

0.09
0.09
0.12
0.09
0.08

6.4.4 Which environmental factors affect the clustering of longevity in Zeeland?
In Tables 6.3A and 6.3B, we explore the extent to which the majority religion, the dominant soil
type, the population density, the number of inhabitants, the net taxable income rate, the
percentage of the workforce in agriculture or trade, and the net migration rate can explain
geographical clustering of female and male chances of belonging to the top 10% survivors. For
each variable, we report the logit, standard deviation, and p-value to indicate whether our
regression estimates have a significant positive or negative association with individual chances of
belonging to the top 10% survivors. The Moran’s I after exclusion of the variable is used to indicate
whether the variable explains geographical clustering of longevity. For the full model, we report
Moran’s I before and after inclusion of variables.
Table 6.3A shows that individuals living on clay had a better chance of belonging to the top 10%
survivors than individuals living on sandy clay. Moreover, controlling for soil type reduced the
spatial clustering. Besides living on clay soil, living in a larger municipality increased the chances
of belonging to the top 10% survivors for women. This effect was weaker in the first years of life
and did not explain the clustering. The net taxable income per capita, the share of the workforce
engaged in trade, and the net migration rate were all negatively associated with female chances
of belonging to the top 10% survivors. Moreover, all of the variables explained the clustering from
age 5.
Table 6.3B shows that men living on clay soils had better chances of belonging to the top 10%
survivors than men living on sandy clay soils. Especially in the first 5 years of life, this variable
explained a large share of the – insignificant – clustering of longevity. Besides soil type, the share
of the workforce in agriculture was positively associated with male chances of belonging to the
top 10% survivors. However, the variable did not explain the spatial clustering. The net taxable
income per capita and the net migration rate were negatively associated with the chances of
belonging to the top 10% survivors. Of these two variables, the net migration rate explained the
– insignificant – clustering of longevity for men.
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Table 6.3A. The association between environmental factors and individual chances of becoming long-lived; women
0 – Top 10%
N

log + SD

▪ liberal Protestant

52

Ref.

Ref.

▪ orthodox Protestant

19

0.01 (0.07)

0.930

▪ Roman Catholic

17

0.07 (0.08)

▪ no dominant religion

13

0.01 (0.08)

▪ sandy clay

75

Ref.

Ref.

▪ clay

26

0.16 (0.07)

0.018

▪ <1,000

66

Ref.

Ref.

▪ 1,000–2,500

28

0.10 (0.07)

0.184

▪ >4,000

7

–0.20 (0.14)

101

0.06 (0.04)

5 – Top 10%

p-value Moran's I

log + SD

30 – Top 10%

p-value Moran's I

50 – Top 10%

log + SD

p-value

Moran's I

Ref.

Ref.

–0.07 (0.06)

0.218

0.13

log + SD

p-value

Moran's I

Ref.

Ref.

–0.09 (0.06)

0.110

0.14

Religion
Ref.

Ref.

0.05

–0.04 (0.06)

0.458

0.10

0.374

0.05

–0.00 (0.06)

0.973

0.10

0.02 (0.06)

0.728

0.13

0.02 (0.06)

0.701

0.14

0.915

0.05

–0.02 (0.07)

0.759

0.10

–0.03 (0.07)

0.672

0.13

–0.02 (0.07)

0.743

0.14

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

0.11 (0.06)

0.050

0.13 (0.06)

0.029

0.11 (0.06)

0.055

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

0.01

0.07 (0.06)

0.245

0.07

0.07 (0.06)

0.268

0.09

0.08 (0.06)

0.173

0.146

0.01

–0.14 (0.12)

0.226

0.07

–0.13 (0.12)

0.277

0.09

–0.09 (0.12)

0.438

0.10

0.204

0.05

0.07 (0.04)

0.060

0.11

0.08 (0.04)

0.029

0.14

0.08 (0.04)

0.034

0.14

–0.03 (0.04)

0.457

0.05

–0.05 (0.03)

0.083

0.16

–0.07 (0.03)

0.036

0.19

–0.06 (0.03)

0.044

0.19

–0.06 (0.05)
101 –0.10 (0.03)
101 –0.06 (0.03)

0.281

0.03

–0.01 (0.04)

0.832

0.08

–0.00 (0.04)

0.954

0.12

0.01 (0.04)

0.898

0.13

0.002

0.15

–0.07 (0.03)

0.012

0.15

–0.07 (0.03)

0.015

0.16

–0.07 (0.03)

0.017

0.17

0.015

0.06

–0.07 (0.02)

0.001

0.18

–0.08 (0.02)

<0.001

0.22

–0.08 (0.02)

<0.001

0.23

Dominant soil type
0.11

0.14

0.16

0.16

Population per hectare

Number of inhabitants
Net taxable income per
capita
% workforce in
agriculture
% workforce in trade
Net migration rate

0.10

101
101

Moran’s I: 0 model

0.29

0.33

0.35

0.35

Moran’s I: full model

0.04

0.10

0.12

0.12
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Table 6.3B. The association between environmental factors and individual chances of becoming long-lived; men
0 – Top 10%
N

log + SD

▪ liberal Protestant

52

Ref.

Ref.

▪ orthodox Protestant

19

0.16 (0.06)

0.005

▪ Roman Catholic

17

0.05 (0.06)

▪ no dominant religion

13

0.03 (0.07)

▪ sandy clay

75

Ref.

Ref.

▪ clay

26

0.17 (0.06)

0.002

▪ <1,000

66

Ref.

Ref.

▪ 1,000–2,500

28

0.06 (0.06)

0.302

▪ >4,000

7

–0.18 (0.12)

5 – Top 10%

p-value Moran's I

log + SD

30 – Top 10%

p-value Moran's I

log + SD

p-value

Ref.

Ref.

50 – Top 10%
Moran's I

log + SD

p-value

Ref.

Ref.

Moran's I

Religion
Ref.

Ref.

0.04

0.07 (0.04)

0.094

0.03

0.05 (0.04)

0.251

0.02

0.04 (0.04)

0.320

0.02

0.403

0.04

–0.06 (0.05)

0.163

0.03

–0.02 (0.05)

0.697

0.02

0.00 (0.05)

0.936

0.02

0.684

0.04

0.00 (0.05)

0.972

0.03

0.01 (0.05)

0.789

0.02

0.02 (0.05)

0.708

0.02

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

0.13 (0.04)

0.002

0.14 (0.04)

0.002

0.11 (0.05)

0.013

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

–0.05

0.04 (0.04)

0.311

–0.02

0.03 (0.05)

0.516

0.00

0.03 (0.05)

0.594

0.01

0.118

–0.05

–0.16 (0.08)

0.057

–0.02

–0.15 (0.09)

0.084

0.00

–0.12 (0.09)

0.202

0.01

–0.05 (0.04)

0.162

–0.08

–0.03 (0.03)

0.262

–0.03

–0.03 (0.03)

0.301

–0.00

–0.03 (0.03)

0.303

–0.00

–0.04 (0.03)

0.157

–0.08

–0.05 (0.02)

0.031

–0.02

–0.07 (0.02)

0.006

0.01

–0.07 (0.02)

0.009

0.01

0.04 (0.05)
101 –0.06 (0.03)

0.376

–0.07

0.08 (0.03)

0.013

–0.02

0.07 (0.03)

0.037

0.01

0.06 (0.03)

0.054

0.01

0.041

–0.00

–0.04 (0.02)

0.078

0.01

–0.03 (0.02)

0.224

0.02

–0.02 (0.02)

0.320

0.02

Dominant soil type
0.01

0.00

0.03

0.02

Population per hectare

Number of inhabitants
Net taxable income per
capita
% workforce in
agriculture

101

% workforce in trade

101

Net migration rate

101
101

Moran’s I: 0 model

0.09

0.10

0.09

0.08

Moran’s I: full model

–0.06

–0.02

0.01

0.01
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Figure 6.5. Clustering of individual chances of becoming long-lived in Zeeland after model
correction; women and men

6.5 Discussion
Multiple studies on contemporary populations have shown that there are hotspots for longevity
(Caselli & Lipsi, 2006; Gavrilov & Gavrilova, 2015; Montesanto et al., 2017; Pes et al., 2013;
Poulain, Herm, & Pes, 2013; Roli et al., 2012; Rosero-Bixby, Dow, & Rehkopf, 2013). Yet what
exactly causes longevity to cluster and at which ages is less well understood. In this study, we
have explored whether longevity clustered geographically, the geographical clustering of
longevity was similar for men and women, clustering of longevity was constant over time, and
geographical predictors of longevity could explain geographical clustering.
We found evidence of longevity clustering in Zeeland for women, while clustering was not
significant for men. Still, our analyses show that the geographical variables that affected
individual chances of becoming long-lived were very similar for both sexes and in both cases were
stable over time. The effects of the environment were also stable over the life course and not
determined in early or later life. For both men and women, geographical clustering of longevity
was dependent on the soil type and the net migration rate. For women, clustering of longevity
further depended on the net taxable income per capita and the share of the labour force working
as a trader in a municipality. Furthermore, population size was associated with female chances of
becoming long-lived and net taxable income per capita was associated with male chances of
becoming long-lived, but did not explain the geographical clustering. The effects of these
variables were stable over the life course, further hinting at a continuous association between
the living environment and offspring survival.
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6.5.1 Religion
We found no relation between the majority religion in a municipality and an individual’s chance
of becoming long-lived. Historically, religion was associated with temperate lifestyles.
Membership of close-knit religious groups – Mormons, Seventh-Day Adventists, and Old Order
Amish – has been associated with survival advantages due to abstinence from excess
consumption of alcohol (Fraser, 1999; Hamman, Barancik, & Lilienfeld, 1981; Lindahl-Jacobsen et
al., 2013; Temby & Smith, 2014). Increased levels of social control have also been associated with
differences in survival between mainstream denominations, as social control enforces more
temperate lifestyles and stimulates networks of care and social support (Kok, 2017).
Nevertheless, in our study, inhabitants of municipalities in Zeeland with a Liberal Protestant,
Roman Catholic, or Orthodox Protestant majority all had the same chance of becoming long-lived.
Our findings contradict an earlier study on the relationship between religion and survival to
advanced ages. Differences in survival after age 50 between Liberal Protestants and other
religious denominations have been found for the Netherlands using microlevel data on religion
and survival (Kok, 2017). There are three reasons why we might have missed this association
between religion and individual chances of becoming long-lived. First, being Liberal Protestant
meant something different in Zeeland than in the rest of the Netherlands. In the Netherlands,
Liberal Protestant churches were highly secularized and enforced little control on their religious
communities. In Zeeland, however, most of the Liberal Protestant churches were Ethisch
Hervormd (Ethical Reformed) and, as such, not only embraced modernity and new cultural
practices, but also valued tradition and the authority of the Bible (Knippenberg, 1992). As such,
Liberal Protestant churches in Zeeland might have diverged less from the other denominations in
terms of social control than elsewhere in the Netherlands. Second, because the effects of
belonging to a religious denomination were not measured on the individual level, we cannot rule
out that religion had no effect on an individual’s chances of becoming long-lived. It might be that
the effect of belonging to a Liberal Protestant church was too small to be picked up by our
analyses. Third, differences between religious denominations in survival might exist between
regions, but not within regions. In such cases, differences in survival are caused by regional
cultures rather than religious communities. Therefore, additional individual-level studies are
necessary to understand how religion affected human survival.

6.5.2 Soil
Generally, regional differences in survival have been explained by differences between clay and
sand; that is, fewer infectious diseases, more access to clean drinking water, and different
agricultural traditions. According to these explanations, individuals living on clay should be less
likely to become long-lived, as waterlogged clay soils are an excellent breeding ground for malaria
mosquitos, soil water is more polluted, and large farms were worked by farm labourers rather
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than self-sufficient farmers (Devos & Van Rossem, 2017; Hofstee, 1981). However, these
explanations do not work within the context of Zeeland. Although the clay soils were excellent
breeding grounds for malaria mosquitos and the soil was acid and saline in nature (Priester, 1998),
inhabitants of clay soils had a better chance of becoming long-lived than inhabitants of sandy clay.
It might be that inhabitants of the clay soils live longer, due to how the land is used. Agriculture
was less common on the clay soils, because the high salinity and acidity of the soil made it hard
to grow crops. Hence, farmers held more stock. Just as in Holland, farmers’ wives took this
opportunity to produce cheese. This may have provided these households with some extra
income (Van Cruyningen, 2005). Furthermore, farmers on clay soil worked less land than the
farmers on sandy clay. This means that the ratio between farmers and farm workers is lower
(Priester, 1998), so that more people had their own land on which they could work. Farmers were
more income securethan farm workers, which might have benefited their survival.
A strong focus on agriculture seems to be good for men, while it has no effect on female chances
of becoming long-lived. This is most probably not related to environmental effects, but to the
characteristics of the inhabitants, as farmers are known to live longer than any other occupational
group (Edvinsson & Broström, 2012; Ferrie, 2003; Gagnon et al., 2011; Mourits et al., 2018;
Schenk & van Poppel, 2011; Temby & Smith, 2014). Whether non-farmers also profited from living
in a municipality with a focus on farming is uncertain, but there is no reason to assume so. Living
in a wealthier municipality seemed to be detrimental for men as well as women, due to the higher
inequalities in the municipality. The wealthier municipalities were not the cities, but transport
hubs or farmland near Goes and Middelburg. Most probably, a focus on cash crops and largescale farming meant that a smaller number of farmers employed a larger number of farm
labourers. These farm labourers did not have their own land on which to build and were more
dependent on the market for access to food. Hence, the association between soil and human
survival might be dependent on an individual’s chances of having his or her own farm, which
assured better access to food for both men and women.

6.5.3 Urbanization
City size had a positive influence on a woman’s chances of becoming long-lived, whereas no
association was found for men. This is in line with the idea that the countryside was healthy for
men, as they did not work in poorly ventilated workshops and they spent less time in the pub,
whereas cities were healthy for women due to more positive gender roles (Janssens, Messelink,
& Need, 2010; Reher, 2001). However, our findings contradict urban-mortality penalties that have
been found for cities in the Netherlands (Drukker & Tassenaar, 1997; Nederlandsche
Maatschappij tot Bevordering der Geneeskunst, 1879) and other countries in Western Europe
(see, e.g., Eggerickx & Debuisson, 1990; Kesztenbaum & Rosenthal, 2011; Vögele, 1998). There
are two explanations why we do not find evidence of an early penalty in Zeeland. First, Zeeland
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never urbanized as strongly as other Western European regions. Rising metropoles such as
Rotterdam or Antwerp were just outside the provincial borders and the larger town in Zeeland
did not suffer from the negative effects of overcrowding, which came with large levels of
immigration. Hence, municipality size in Zeeland was not related to the strong negative effects
that larger cities in Western Europe experienced. Second, the positive association between living
in a larger town and individual chances of becoming long-lived was only found after controlling
for soil type, net taxable income per capita, and the percentage of traders in the workforce. This
is in line with more recent studies on mortality after age 50 in Utah and Québec (Gagnon et al.,
2009; Temby & Smith, 2014). These studies show that after controlling for other factors, living in
a larger town was beneficial for survival. This is in line with the debate on human stature, which
has found evidence of both urban penalties and urban premiums (Reis, 2009). Therefore, we
conclude that living in larger towns also had its benefits, which have received little attention in
the historical research due to our focus on the urban-mortality penalty.
The net migration rate distinguishes between regions with little migration, some outmigration,
and more outmigration. Earlier studies have shown that, on average, migrants live longer than
stayers (Alter & Oris, 2005; Puschmann, Donrovich, & Matthijs, 2017; Van den Berg, Van Dijk,
Mourits, et al., 2018). Nevertheless, our results show that individuals from municipalities with net
outmigration had a higher chance of becoming long-lived. It is unlikely that the negative
relationship between the migration rate and the chance of becoming long-lived is attributable to
compositional effects, as high outmigration of the healthiest inhabitants makes the remaining
population less likely to become long-lived. Moreover, immigration and emigration are not
related to an individual’s chances of becoming long-lived (the correlations between the share of
long-lived individuals and immigration/emigration rates are –0.11 and –0.10, respectively). Most
probably, the association between net migration and individual chances of becoming long-lived
are attributable to demographic pressure. There was no room for spatial or demographic
expansion in Zeeland, as there was no land acquisition during the 19th century and the economy
did not grow. Outmigration from Zeeland relieved the demographic pressure on Zeeland and left
better economic opportunities for those who stayed behind. Moreover, it is to be expected that
the individuals who left were least likely to attain a good position in society. Therefore, small
levels of net outmigration already had a notable effect on local communities.
Our analyses also show that trade has a negative effect on female survival. The more traders there
are in a municipality, the lower is the chance that someone will become long-lived. It is not
possible to determine whether this effect is also present for men, as the effects of farming and
trade are multicollinear. The positive effect of living in a town with many farmers in the workforce
is so strong and robust for men that it negates the possible effects of the share of traders in the
workforce. Nevertheless, the share of traders in the workforce had a significant binomial
relationship with individual chances of becoming long-lived, indicating that there might also be
an association between trade and male chances of becoming long-lived.
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There are multiple explanations why the share of traders in a municipality correlates with (female)
chances of becoming long-lived. First, the share of the workforce in trade might be indicative of
effects of urbanization in general, as the variable identifies the municipalities that function as
regional centres on the Zeeland islands. However, it is unlikely that urbanization in Zeeland
decreased individual chances of becoming long-lived. Zeeland never really industrialized in the
19th century and most of the pockets of industrialization were focused on mechanization of the
countryside, rather than the cities (Zijdeman, 2010). Furthermore, little overcrowding occurred
(Hoogerhuis, 2003) and our analyses show that population density had no effect on offspring
survival. Moreover, because the share of traders in a province explains a significant part of
longevity clustering, it is unlikely that it is a proxy for another geographical effect that was also
included in our regression models. Second, it might be that the share of the workforce in trade is
a proxy for work in another sector. Work in cottage industry in particular has been shown to be
detrimental to survival (Van Rossem, Deboosere, & Devos, 2017). However, a closer inspection of
our data – as shown in Table 6A.3 – shows that the share of workers in labour is not correlated
with work in any other major sector in Zeeland. As such, a municipal focus on trade cannot be a
proxy for work in another economic sector. A third explanation is that the most unfortunate
worked in trade as a last resort, to secure some income for themselves. These individuals might
have been hucksters, pedlars, or petty merchants who catered to the rural populations on the
island. In Zeeland, traders mainly lived along the canals on Walcheren or in the island centres (see
Figure 6A.8), which were ideal locations in which to buy goods and later sell them in the
surrounding countryside. These small traders are known to have been insecure with regard to
food and income. Poverty might explain why living in a place with traders is bad for survival to
exceptional ages. Earlier studies have shown that small entrepreneurs show higher mortality in
later life (Edvinsson & Broström, 2012; Mourits, Smith, & Janssens, 2018). Therefore, the effects
of trading on the chance of becoming long-lived are most probably a composition effect.
To substantiate our hypothesis, we took a further look at the 1930 census from which we derived
our information on the share of traders in the workforce. Aggregate information on the number
of owners, managers, foremen, and labourers working in trade was available on the provincial
level. Table 6A.4 in the Appendix shows that traders usually worked alone, although some also
had employees. This is in favour of our argument that most of the traders were petty merchants.
The 1930 census further included aggregated information on what the Zeeland traders sold. As
shown in Table 6A.5, 40% of trade occurred in wholesale, distributive trade, and retail. This is a
wide range of activities, from which it is hard to conclude who these traders were. However,
another 40% of the traders worked as pedlars, grocers, or cloth salesmen. None of these
individuals produced their own goods and instead sold goods of relatively low value. The low
profits that could be gained on these products probably made these individuals among the
poorest in Zeeland. Hence, living in a town with a focus on trade might be synonymous with living
in a town with increased levels of poverty. When a sizeable share of the workforce consisted of
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hucksters, pedlars, or petty merchants – and, thus, lived in poverty – it is to be expected that this
had its effects on the overall chances of becoming long-lived.

6.6 Conclusion
We have found evidence of a well-established connection between the living environment and
mortality. During the 19th century, the effects of the environment on mortality seemed much
stronger than the effects of social class, which are more prominent today. Earlier studies have
concluded that the environment is one of the main determinants of the levels of child mortality.
The frameworks necessary for explaining why longevity clusters are to a large extent already
available in the historical literature. Not only do these environmental factors affect individual
chances of becoming long-lived, but they also explain why longevity clusters geographically.
Nearby places often resemble each other in agricultural focus and demographic pressure. This
makes it seem as though some living environments are healthier than other environments, but
mortality levels are to a large extent caused by human behaviour. Hence, longevity clustering at
the regional level does not seem to be caused by favourable genetic predispositions or direct
influences from the environment itself.
Geographical clustering is but one tool to further understand the relationship between the
environment and longevity. Studies on clustering can identify places where more people became
long-lived. However, geographical clustering of longevity only shows that certain environments
stimulated specific behaviour. A cluster indicates that nearby municipalities or individuals share
a similar characteristic, which is either beneficial or detrimental to human survival. The effects of
such an environmental characteristic can also be modelled without focusing on clustering, as long
as the models are corrected for spatial autocorrelation. This is considered good practice in the
study of infant and child mortality (see, e.g., Jaadla & Reid, 2017; van den Boomen & Rotering,
2018). Hence, both theoretically and methodologically, the study of environmental influences on
longevity can learn a lot from the existing work on the historical demographic studies on infant
and child mortality.
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6A Appendix; tables

Table 6A.1. The number of observations per municipality
Municipality

N

Municipality

Aagtekerke

524

Aardenburg

N

Municipality

N

Kattendijke

935

’s-Heerenhoek

863

2,946

Kerkwerve

747

Sas van Gent

560

Arnemuiden

2,793

Kloetinge

1,379

Scherpenisse

1,531

Axel

3,880

Koewacht

1,489

Schoondijke

1,920

Baarland

782

Kortgene

4,883

Serooskerke (Schouwen)

335

Biervliet

2,313

Koudekerke (Walcheren)

2,038

Serooskerke (Walcheren)

1,530

Biggekerke

Krabbendijke

1,317

Sint Annaland

2,436

Borssele

1,202

Kruiningen

2,061

Sint Jansteen

1,283

Breskens

1,577

Meliskerke

713

Brouwershaven

1,485

Middelburg

12,405

Bruinisse

1,971

Nieuw- en Sint Joosland

1,114

Sint Philipsland

Nieuwerkerk (Duiveland)

1,250

Sluis

2,276

Burgh
Cadzand
Clinge

772

741
1,324
830

Sint Laurens
Sint Maartensdijk

699
2,661
917

Nieuwvliet

921

Stavenisse

1,752

Nisse

656

Terneuzen

3,076
2,809

Domburg

1,147

Noordgouwe

794

Tholen

Dreischor

1,194

Noordwelle

562

Veere

998

Driewegen

685

Oost- en West-Souburg

1,408

Vlissingen

5,513

Duivendijke

568

Oostburg

1,820

Vogelwaarde

3,845

Elkerzee

525

Oosterland

1,602

Vrouwenpolder

1,278

Ellemeet

450

Oostkapelle

1,101

Waarde

953

1,975

Waterlandkerkje

561

Ellewoutsdijk

1,020

Oud-Vossemeer

Goes

5,825

Oudelande

750

Wemeldinge

1,456

Graauw en Langendam

1,599

Ouwerkerk

848

Westdorpe

1,177

Grijpskerke

1,042

Overslag

271

Westkapelle

3,055

Groede

2,621

Ovezande

873

Wissenkerke

3,850

Haamstede

1,069

Philippine

336

Wolphaartsdijk

2,366

Heinkenszand

1,750

Poortvliet

1,927

Yerseke

1,326

Hoedekenskerke

1,015

Renesse

662

Zaamslag

3,766

Hoek

2,087

Retranchement

705

Zierikzee

5,823

Hontenisse

5,212

Rilland-Bath

851

Zonnemaire

1,118

Hoofdplaat

1,374

Ritthem

766

Zoutelande

856

Hulst

1,974

's-Gravenpolder

823

Zuiddorpe

857

IJzendijke

2,109

's-Heer Abtskerke

659

Zuidzande

1,051

Kapelle

2,681

's-Heer Arendskerke

142

2,352

Table 6A.2. Religious denominations in Zeeland
Denomination
Dutch Reformed
▪ Liberal
▪ Ethical
▪ Confessional/Reformed
Reformed
Roman Catholic
Other
Total

N
120,461

8,289
46,046
2,773
177,569

%

Ministers (%)*

67.8
8.3*
40.3*
19.2*
4.7
25.9
1.6
100

12.3
59.4
28.3

100

Source: 1869 census.
Note: Estimated from the share of liberal, ethical, confessional, and orthodox ministers in the 1930 census.

Table 6A.3. The largest industries in Zeeland
Sector
Agriculture
Transport
Construction
Trade
Metalworking, ship- and coachbuilding
Preparation of food, tea, coffee, tobacco, etc.
Fishing and hunting
Other (<2% of the labour force)
Total labour force

N
33,749
8,255
6,916
6,800
5,763
4,232
1,634
11,500
78,849

Source: 1930 census.

Table 6A.4. Position within the trading business
Description
Owner
Manager
Lower manager/foreman
Labourer
Non-producing employee: clerk,
maintenance, transport, etc.
Total number of traders

N
3,971
56
220
1,138

%
58.4
0.8
3.2
16.7

1,415

20.8

6,800

100.0

Source: 1930 census.
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%
42.8
10.5
8.8
8.6
7.3
5.4
2.1
14.6
100.0

Table 6A.5. Most prominent trading businesses
Description
Wholesale, distributive trade, retail
Hucksters and pedlars
Grocers
Cloth and fashion articles
Other (<2% of all traders)
Total number of traders

N
2,743
1,186
959
542
1,370
6,800

%
40.3
17.4
14.1
8.0
20.1
100.0

Source: 1930 census.

Table 6A.6. The correlation between the size of agriculture/trade and other prominent sectors
Sector
Agriculture
Transport
Construction
Trade
Metalworking, ship- and coachbuilding
Preparation of food, tea, coffee, tobacco, etc.
Fishing and hunting

Agriculture
1.00
–0.43
–0.40
–0.71
–0.70
–0.55
–0.40

Trade
–0.71
0.38
0.21
1.00
0.12
0.37
0.08

Source: 1930 census.

6A Appendix; figures
Figure 6A.1. The relative population growth in the Netherlands by province
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Source: 1830–1956 census.
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Figure 6A.2. Religious denomination by municipality

Source: 1869 census.

Figure 6A.3. Dominant soil type by municipality

Source: WUR-Alttera (2006).
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Figure 6A.4. The share of the labour force in agriculture by municipality

Source: 1869 and 1930 census.

Figure 6A.5. Net taxable income per capita by municipality

Source: Verslag van den landbouw (Ministerie van Binnenlandse Zaken, 1875).
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Figure 6A.6. The number of inhabitants by municipality

Source: 1869 census.

Figure 6A.7. Population density by municipality

Source: Verslag van den landbouw (Ministerie van Binnenlandse Zaken, 1875).
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Figure 6A.8. The share of the labour force in trade by municipality

Source: 1869 and 1930 census.

Figure 6A.9. The net migration rate by municipality

Source: HDNG (Beekink et al., 2003)
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Figure 6A.10. The immigration rate by municipality

Source: HDNG (Beekink et al., 2003).

Figure 6A.11. The emigration rate by municipality

Source: HDNG (Beekink et al., 2003).
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7 Conclusion
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In this thesis, we have aimed to establish the extent to which familial clustering of longevity is
explained by factors that promote individual probabilities of becoming long-lived. To answer this
question, the following questions were asked concerning the factors that influence the survival
of individuals to exceptionally high ages.
(1) What has previously been published on factors that influence longevity of individuals?
(2) To what extent was longevity dependent on an individual’s social position?
(3) To what extent did familial factors influence the survival of individuals to exceptional ages?
(4) How and to what extent is longevity affected by the living environment of the individual?
We consider individuals long-lived if they belong to the top 5% or 10% survivors of their birth
cohort. The majority of the analyses into later-life mortality in this thesis were performed on data
for the Dutch province of Zeeland, in which living conditions during the 150 years that we
investigated were rather harsh and the number of families with long-lived individuals was small.
The effect of socio-economic status on later-life mortality in the population of Zeeland was
compared with that in the Utah population, which was more prosperous at the time, with lower
child mortality than in Zeeland.
The results obtained in our studies can be summarized in relation to the posed questions:
(1) The literature on historical longevity shows that a wide range of factors might be associated
with longer survival in later life. However, many findings are suggestive and in need of
further research, as the effects of the disease environment, household compositions, and
social support have only been studied in one region. Some studies have included effects of
scarring, urbanization, and socio-economic status for multiple regions, but these have
shown contradictory results. Only two reliable conclusions can be drawn from the literature.
First, behaviour seems to be a strong predictor of individual longevity in the 19th and early
20th centuries. Behavioural factors – such as abstinence from alcohol, activity in later life,
and better diets – were clearly associated with lower mortality in later life. Second,
differences between men and women in chances of becoming long-lived were stronger in
cohorts born after 1870. Lifestyle explained probably half the growing variation between
the sexes in survival after age 50. Interestingly, sex differences in survival were smaller for
the longest-lived individuals in society than for the general population (chapter two).
(2) The impact of social position was different for the two populations studied here. The choice
of a specific occupation-based class scheme did not have a strong effect on the findings, as
long as socio-economic status was measured using a categorical class scale (e.g. HISCLASS
or OCC1950). In industrialized Utah, higher socio-economic status coincided with increased
survival in the population, whereas in commercial agricultural Zeeland this depended on
food security. However, in both societies, farmers lived considerably longer than other
social groups in these populations. In Utah, farmers and the elite had similar survival
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advantages, whereas in Zeeland the elite had a survival disadvantage in later life (chapter
four).
(3) It became clear that within the Zeeland population, age at death varied considerably; a part
of this variation can be explained by familial factors. Individuals with long-lived parents had
a survival advantage between ages 5 and 100 over individuals without a long-lived parent.
As a result, individuals with long-lived parents were more likely to become long-lived
themselves. The number, but not the sex, of long-lived parents beneficially influenced the
adult survival advantage in the offspring. This survival advantage was not affected by early
parental mortality, high infant mortality in the sibship, length of birth spacing, parental age
at birth, or shared socio-economic resources. A noteworthy exception is survival during the
first 5 years of life. In Zeeland, these first years of life were characterized by high mortality
levels and having a long-lived parent reduced this hazard. However, individuals with a longlived mother had an additional survival advantage across all first 5 years of life over
individuals with only a long-lived father or without a long-lived parent. Figure 7.1 further
shows that in around 1850, the threshold of 50% survival may have varied by up to 12 years
depending on the presence of long-lived parents. Hence, when discussing population-based
mortality in different age categories, we need to be aware of the fact that extremely high
levels of survival – as well as low levels of survival (Van Dijk, 2019) – represent familial
influences on life expectancy (chapter five).
(4) Longevity clustered geographically in Zeeland and these geographical patterns were stable
over different stages of the life course. Geographical clustering of longevity was associated
with agricultural practices, demographic pressure, poverty, and urbanization. After
controlling for these effects, no significant clustering of longevity remained in Zeeland
(chapter six).

7.1 Socio-economic status, familial resources, and the living environment
To understand the mechanism behind familial clustering of longevity, we set out to study the
effects of socio-economic status, familial resources, and the living environment. These three
factors have been associated with increased individual chances of becoming long-lived and could
explain familial clustering of longevity. Parents determine where their children are born, instil
their offspring with various forms of behaviour and social skills, and transmit socio-economic
resources. It might be that certain families have succeeded in acquiring these resources and
transferring them successfully to their offspring, increasing a future generation’s chances of
becoming long-lived. In such cases, familial clustering of longevity is not only determined by
genetic predispositions related to health, but is also dependent on differential access to socioeconomic resources for successful ageing. The acquisition and maintenance of such resources are
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Figure 7.1 Differences in survival for women (left) and men (right) by parental longevity

Notes: Mortality information is retrieved from the 1850–9 cohort life tables for the Netherlands (HMD, 2018),
which overlaps with the 1812–62 cohort in our study. Differences in survival between individuals with and
without long-lived parents were calculated by adjusting the yearly hazard of dying (red line), with the hazard
rates estimated in chapter five.

undoubtedly influenced again by heritable traits such as intelligence and behaviour. Therefore,
there were ample reasons to expect that individual determinants for longevity might cluster in
specific families.
A common perception in sociological and epidemiological studies is that there are fundamental
causes for differences in survival, such as social class. However, social class has a stronger and
different effect on survival today than in the past. In the 19th century, socio-economic status had
little effect on survival in later life. On average, farmers had longer life spans after age 50 than
any other occupational group, whereas the elite lived shorter lives than other individuals who
survived to age 50. The literature shows that a “farmer bonus” seems to apply to the entire life
span, whereas an “elite penalty” occurs at advanced ages. Farmers probably lived longer due to
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better access to fresh food, whereas members of the elite might have suffered from the effects
of affluence in later life. As such, 19th-century class differences in later-life mortality were caused
by a lifelong farmer bonus and an elite penalty after age 50. However, it is uncertain whether
these effects were also transferred to future generations, as the effects of parental social status
– for example, for children in farming or elite families – did not persist over the entire life course
for these children. Parental occupation affected survival in the first 5 years of life, but did not
increase individual chances of becoming long-lived. This indicates that the effects of socioeconomic status on familial clustering were small at best.
Familial resources that determined mortality in the first 5 years of life had little effect on
individual chances of becoming long-lived. Sibling infant mortality, familial fertility histories, and
shared socio-economic resources all determined survival in the first 5 years of life. Only one of
the factors that affected mortality in the first 5 years of life also affected individual chances of
becoming long-lived: having multiple siblings who died in infancy. In contrast to long-lived
families, members of families with high sibling infant mortality seem to have been more frail than
other individuals in society, as high sibling infant mortality was associated with increased
mortality rates. However, sibling infant mortality did not affect the association between parental
longevity and increased offspring survival. This indicates that offspring who had both a long-lived
parent and multiple siblings who died in infancy experienced all the survival advantages
associated with having a long-lived parent. At the same time, these individuals had all the survival
disadvantages associated with having a family history of high infant mortality. Hence, being from
a family with high infant mortality might decrease individual chances of becoming long-lived, but
it does not decrease the intergenerational transmission of the factors that drive familial longevity.
Longevity clustered geographically in Zeeland. Inhabitants from neighbouring municipalities, and
especially women, resembled one another in their chances of becoming long-lived. After
controlling for the effects of agricultural practices, demographic pressure, and poverty, no
significant clustering in longevity remained except for the clustering within long-lived families.
This indicates three aspects of longevity clustering. First, environmental effects explain the
geographical clustering of longevity under harsh conditions in 19th-century Zeeland. Second, this
clustering is probably not due to specific gene pools resulting from inbreeding, as long-lived
families did not originate from one region or island in Zeeland. Third, longevity clustering in
families is not explained by geographical advantages, but by regional differences in behaviour.
Yet familial clustering of longevity did not necessarily coincide with geographical clustering.
Individuals who stayed in their province of birth probably attained the life-span (dis)advantages
that their parents had. However, the association between parental longevity and increased
survival rates in their offspring was not dependent on migration.
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7.2 Explaining familial clustering of longevity
The fact that socio-economic status, familial resources, and the living environment did not affect
familial clustering of longevity is an important insight. The corpus of literature shows that
individual chances of becoming long-lived are affected by a wide range of resources.
Nevertheless, the most prominent predictors of longevity suggested by the literature could not
explain why longevity clustered within a limited number of families. Most probably, long-lived
families were not unique because they had increased access to resources, but because they
profited from a range of beneficial effects of their genetic make-up related to health (i.e.
resistance to infectious disease) and decreased susceptibility to mortality associated with
common age-related diseases (such as cardiovascular disease and cancer).
There are multiple mechanisms through which genetic predispositions can affect human survival.
The mechanisms associated with the healthy ageing features of today’s long-lived families reflect
a number of metabolic and immune health features (low glucose, insulin sensitive at high ages,
resistant to infections). Genetic studies have identified two genetic loci that may help explain why
members from certain families have increased chances of becoming long-lived: Apolipoprotein E
(APOE) and Forkhead box O3 (FOXO3A). Both loci have been associated with hallmarks of healthy
ageing. APOE is a major determinant in processes that have an influence on cardiovascular
diseases, Alzheimer’s disease, and possibly vulnerability to infectious diseases altogether. The
FOXO3A gene has been associated with metabolism, cellular proliferation, and oxidative stress
tolerance. Indirectly, these loci influence individual chances of an exceptionally long life, as they
regulate biological processes related to ageing. However, combined, APOE and FOXO3A explain
less than 5% of all genetic variation in life span, indicating that there are probably other genetic
predispositions that might affect the clustering of longevity within families.
Because multiple studies have found stronger associations between having a long-lived mother
and individual longevity than having a long-lived father and individual longevity, it has been
suggested that mitochondrial DNA might also be responsible for longevity clustering within
families. Mitochondria are inherited through the maternal line and are responsible for energy
production and metabolic regulation within cells. Therefore, an association between
mitochondrial DNA and longevity seems logical. However, our studies on Zeeland and a related
study in Utah (Van den Berg et al., 2018) have shown that the differences in the beneficial effects
of having a long-lived mother and having a long-lived father do not occur over most of the life
span. In Zeeland, the offspring of long-lived mothers only have a significant survival advantage
over the offspring of long-lived fathers in the first 5 years of life. Most probably, this can be
attributed to the benefits of having a physically fit mother, unless mitochondrial functions are
especially important during gestation and the first years of life under harsh conditions. Long-lived
individuals are generally in better health, which might help them give birth to healthier children
with a higher birth weight. Offspring with a higher birth weight are less frail, which makes them
more likely to survive the dangerous first year of life. Thus, the stronger effects, on an individual’s
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chances of becoming long-lived, of having a long-lived mother than of having a long-lived father
are probably rooted in maternal fitness.
Another mechanism through which genetic predispositions can affect individual chances of
becoming long-lived is that top survivors are less prone to experiencing the negative effects of an
unhealthy lifestyle. The reviewed literature showed that effects of smoking affected the
difference between male and female survival of cohorts born after 1870. Between 1900 and 1920,
almost all men smoked, which caused the mean life span of men to increase more slowly in the
course of the 20th century than the mean life span of women. Although such differences also
occurred among the top survivors, the differences in male and female survival are much smaller
among the longest-lived from the cohorts born after 1870. This can hint at the fact that mostly
non-smoking men lived to exceptional ages, but it might also indicate that the negative effects of
smoking were much smaller for the longest-lived in society. There is a strong case to be made for
the latter argument, as practically all men from the mentioned cohorts smoked. Therefore, the
genetic survival advantage enjoyed by members of long-lived families might also protect longlived individuals from the negative effects of smoking, drinking, or unhealthy living environments.
However, this hypothesis is dependent on studies showing whether members of long-lived
families are less affected by unhealthy lifestyles.
Finally, long-lived families might have genetic predispositions towards behavioural characteristics
– for example, cleverness or personality – that enable them to make better decisions in life. If
genetic predispositions drive towards forms of behaviour and attitudes that protect against
infectious diseases, better decision-making in terms of partner choice, and better child care, this
might result in survival benefits for them and their children. In such a case, genetic predispositions
affect a whole range of beneficial consequences for survival, which results in a multifaceted
survival advantage. This would explain why genetic studies have a hard time identifying genes
that are related to exceptional survival. Moreover, the mechanism is very similar to the
contemporary relation between socio-economic status and mean life span. Better education gives
individuals extra resources to maintain healthier lifestyles, make better decisions regarding
partner choice, and take care of their children. However, before we come to the bold conclusion
that familial clustering is caused by a multifaceted behavioural advantage, more study on the
effects of lifestyle on the familial clustering of longevity is needed.
But no matter what the mechanism, familial longevity was dependent on genetic predispositions.
This has repercussions for how we should view longevity. Longevity was a blessing that was
bestowed on a limited number of families. The chances of becoming long-lived were smaller for
individuals from a family in which longevity did not cluster. Therefore, it seems unlikely that we
can all live to exceptional ages. Nevertheless, lifestyles have a huge impact on how old we get and
whether we age healthily. In terms of healthy ageing, important lessons can be learned from the
extraordinary families that produce multiple long-lived offspring. By understanding why certain
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families grow old in relatively good health, such practices can – hopefully – also be made available
to the broader population.

7.3 Strengths and weaknesses
To be able to study familial clustering of longevity in detail, new data was used. The data is of high
quality: LINKS Zeeland has 160 years of data, contains information on the vital events of an entire
province, and is rich in demographic information. This allowed us to test multiple explanations
for longevity clustering with more accuracy than before. Moreover, contemporary insights into
longevity were tested in a historical setting in which contemporary lifestyle differences did not
exist between social classes, families were more affected by effects of poverty and maternal
depletion, and regional differences were more pronounced. The different context in which
individuals grew old meant that we needed to be careful about generalizations to the present
day. However, the historical demographical research set-up also provided ideal test cases for our
assumptions on the nature of longevity, which would have been untestable in contemporary
society. Therefore, LINKS Zeeland provided a good test case for the study of longevity clustering.
We focused on the transmission of longevity from parent to child. Ideally, familial clustering of
longevity is studied with information on more relatives; for example, grandparents, uncles and
aunts, or cousins. In theory, familial clustering of longevity is concerned with longevity in entire
pedigrees. From such a perspective, the focus on parents and offspring might be rather limited.
Long-lived parents do not necessarily have a family background of longevity. To deal with this
problem, a multigenerational focus on the clustering of longevity is necessary. However, for the
current study, such a design was deemed less practical. Our focus was on exploring whether socioeconomic status, familial resources, and the living environment affected familial clustering. The
effect of these variables on familial clustering of longevity had not yet been studied in detail.
Therefore, it would have been overly complicated to enquire how survival advantages are
transmitted across multiple generations.
Longevity was defined as the top 5% or 10% of survivors in order to make our definition of
longevity independent of the year of birth. Previous studies have shown that the life span – the
age at which people die – is only moderately inheritable. This might come as no surprise, as ages
at death differ wildly by context. Therefore, longevity was defined as the top percentage of
survivors with national life tables. The study of survival percentages is a much more productive
endeavour, as they make societies more comparable. Mortality risks at age 70 are, for example,
rather different in Utah and Zeeland, whereas the chances of belonging to the top 5% are similar.
As a result, the association between parental longevity and offspring survival or the chances of
becoming long-lived are comparable with other regions. Hence, even though most of our analyses
are performed on only one region, replication in other regions should be relatively easy.
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To some extent, our study was limited by the available data. LINKS does not contain demographic
information for individuals who left the province. As a result, we have no information about
whether and when individuals married, reproduced, or died outside Zeeland. Demographic
information is available for about 70% of the population. However, it is doubtful that these
limitations affected our statistical inferences. Although migrants have been found to live longer,
there is no reason to suspect that stayers, intra-provincial migrants, and inter-provincial migrants
were affected differently by social-class dynamics, familial resources, or their living environment.
Therefore, the fact that the healthiest individuals are most likely to migrate did not affect our
results.
Outmigration did, however, provide us with a systematic bias. Individuals in our data set were
initially dependent on their parents for migration. However, most families with young children
did not migrate over large distances. Therefore, individuals had to survive childhood to be able to
migrate. From age 15 onwards, mobility increased rapidly over time until individuals settled or
reached advanced ages. As a result, information on mortality in the first years of life is relatively
complete in LINKS Zeeland, but is incomplete for those who lived to advanced ages. Because the
age at death is not known for emigrants, the top percentage of survivors could not reliably be
inferred from the available certificates in the civil registry. To deal with this problem, national life
tables were used to define longevity. The use of national life tables solves the selection bias
related to outmigration. Hence, the association between parental longevity and offspring survival
is not affected by migration biases in the data.

7.4 Possibilities for further research
There are still important lacunae in the study of historical longevity. Long-lived families have a
biological survival advantage compared to other survivors. The biological survival advantage
enjoyed by members of long-lived families makes these individuals a promising subject for further
study. Biological mechanisms that are determined by genetic predispositions cause individuals to
live longer. Medical studies on these families can reveal what causes members of these families
to age at a decelerated rate. Medical research in the past 15 years has generated considerable
insights into the mechanisms behind familial clustering of longevity. Historical demographic
studies can contextualize this information and show whether these effects also occurred under
different disease environments, when lifestyle effects on mortality were limited, food was much
scarcer, and survival differed more strongly between environments. Such insights can hopefully
be translated into leads for further medical studies.
The effects of social class on health in general and on individual chances of becoming long-lived
have grown over time, creating large health inequalities between individuals. The longest-lived
individuals today might not only have a genetic, but also a socio-economic and lifestyle,
advantage. Should the longest-lived also succeed in transmitting these resources to their
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offspring, the top survivors will also become a social elite. These changes can affect
intergenerational transmission of longevity in the near future. Therefore, it is important to study
when and at which ages inequality in survival between social classes started to grow. This can
give us further insight into why these differences were occurring, as well as whether and how
these changes might affect the intergenerational transmission of longevity in the future.
We have focused on the family, but we have not covered all social aspects of life. With the current
state of the data, it would, for example, be possible to study the effects of familial support
networks. Family networks most probably affected individual chances in life. Having multiple
children in the vicinity meant that parents were less of a burden on each individual child, which
could result in more intergenerational support and care. Furthermore, having multiple brothers
and sisters in the vicinity also shows that families were able to acquire ample means of living to
stay. Demographic pressure and saturation of the labour market could force individuals to
migrate out of Zeeland. However, having brothers, sisters, and in-laws living nearby might have
helped people to find work, attain a more suitable partner, and find a place to live. Family
networks could, thus, be an inventive way to look at the effects of support and income.
Demographic research is increasingly conducted on large-scale data sets. Over the past few years,
the resulting databases have provided an impulse to various research fields and have been
employed for wide-ranging innovative research questions on topics including early-life conditions
(Van Dijk, Janssens, & Smith, 2018), genetics (Kerber, O’Brien, Smith, & Cawthon, 2001; Van den
Berg, Rodriguez-Girondo, et al., 2019), the role of grandfathers and uncles in determining socioeconomic status (Knigge, 2016), household structure and child mortality (Kok, Vandezande, &
Mandemakers, 2011; Riswick & Engelen, 2018), the effects of losing a parent (RosenbaumFeldbrügge, 2018), health of migrants and return migration (Puschmann, Donrovich, & Matthijs,
2017; Van den Berg, Van Dijk, Mourits, et al., 2018), kin dispersion over time (Kasakoff, 2019),
epidemics (Bengtsson & Lindström, 2000; Quaranta, 2013; Van Dijk et al., 2018), famine (Hanson
& Smith, 2013), and many others. Further investments in these data structures are the future of
historical demography and will – without a doubt – yield many new insights.
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Samenvatting [Dutch summary]
Om gezond oud te worden kan een mens veel dingen doen: niet roken, gezond eten, regelmatig
bewegen, op latere leeftijd actief blijven, enzovoorts. De kans om uitzonderlijk oud te worden is
echter niet voor iedereen gelijk. Mensen die uit een langlevende familie komen, hebben een veel
grotere kans om extreem oud te worden. Kinderen van langlevende ouders leven bijvoorbeeld
langer en worden gezonder oud. Dit komt doordat kinderen van langlevende ouders gemiddeld
genomen een beter immuunsysteem en metabolisme hebben. Hierdoor hebben zij minder last
van verouderingsziekten, zoals diabetes, hart- en vaatziekten en Alzheimer. Zodoende lijken
langlevende families het geheim om gezond oud te worden met zich mee te dragen.
De familiaire clustering van extreme ouderdom duidt erop dat er iets extra’s nodig is om te
overleven tot uitzonderlijk hoge leeftijden. Met iedere ouder, broer of zus die minstens 92 jaar of
ouder is geworden – de oudste 10% van de bevolking –, neemt de kans om zelf ook extreem oud
te worden toe. Het vermoeden is dat dit overlevingsvoordeel in de genen zit. Tot op heden is er
echter nog geen “langlevendheidsgen” ontdekt. De vraag is daarom of de familiaire clustering van
extreme ouderdom niet samenhangt met andere familiaire eigenschappen. In dit proefschrift is
zodoende gekeken of socio-economische status, kenmerken van de ouders, en de leefomgeving
kunnen verklaren waarom extreme ouderdom in families clustert. Deze eigenschappen hebben
een groot effect op de eigen kans om extreem oud te worden. De vraag is echter of zij ook kunnen
verklaren waarom individuen uit langlevende families zo oud worden.
Om deze vraag te onderzoeken is gebruik gemaakt van 150 jaar aan demografische data uit de
Nederlandse burgerlijke stand. Voor iedereen die tussen 1812 en 1862 in Zeeland is geboren, zijn
families en de bijbehorende levenslopen gereconstrueerd met behulp van geboorte-, huwelijks-,
en overlijdensaktes. Van deze individuen is bekend wie hun ouders en eventuele broers, zussen
en kinderen zijn. Daarnaast staat op deze aktes welk beroep individuen hadden, wanneer zij
kinderen kregen, en waar individuen woonden. Omdat deze informatie voor zowel ouders als
kinderen beschikbaar is, kan hier een schat aan extra informatie uit worden afgeleid. Na een
uitgebreide test van de data is er daarom voor gekozen om onderzoek te doen op LINKS-Zeeland.
In Zeeland hadden kinderen van langlevende ouders een sterk overlevingsvoordeel. Op elke
leeftijd hadden deze individuen ongeveer 20% minder kans om te overlijden. Dit
overlevingsvoordeel komt vooral tot uiting op hogere leeftijden als de kans om te overlijden snel
toeneemt. Om een voorbeeld te geven: in het geboortecohort 1850-1862 kwam 4.2% van de
individuen die 30 werd in de daaropvolgende vijf jaar te overlijden. Dit getal was 20% lager voor
individuen uit langlevende families, zodat naar verwachting 3.4% van deze individuen kwam te
overlijden. In hetzelfde cohort overleed 53.4% van de individuen die 80 werd kwam in de
daaropvolgende vijf jaar. Dit getal was wederom 20% lager voor individuen uit langlevende
families, zodat naar verwachting 45.2% van de individuen kwam te overlijden. Relatief gezien
waren deze verschillen even groot op latere leeftijd, maar absoluut gezien veel groter. Dit laat
179

zien waarom het zo belangrijk is om uit een langlevende familie te komen om extreem oud te
worden.
In de 19e eeuw overleed een groot gedeelte van de kinderen in hun eerste vijf levensjaren.
Zeeland was berucht om de hoogte kindersterfte en 30% tot 40% van de kinderen die tussen 1812
en 1862 werd geboren overleed voor hun vijfde levensjaar. Het risico om te overlijden was vooral
hoog in de eerste weken na de geboorte en nam daarna gestaag af. Het hebben van een
langlevende ouder hielp echter om deze gevaarlijke eerste vijf jaren te overleven. In tegenstelling
tot de rest van het leven, was vooral het hebben van een langlevende moeder in de eerste
levensjaren belangrijk. Deze kinderen kregen hun overlevingsvoordeel waarschijnlijk mee in hun
mitochondrieel DNA of door betere omstandigheden in de baarmoeder waardoor zij een hoger
geboortegewicht hadden. Tegenwoordig kunnen deze omstandigheden de kans om extreem oud
te worden niet meer beïnvloeden, omdat zuigelingen- en kindersterfte zeldzaam zijn geworden.
Het overlevingsvoordeel van kinderen van langlevende ouders kon niet door socio-economische
status, kenmerken van de ouders, of de leefomgeving worden verklaard. In de 19e eeuw waren
de inkomensverschillen tussen arm en rijk relatief groter dan vandaag. Toch bleken de rijken niet
langer te leven dan de armen. Het omgekeerde lijkt zelfs het geval te zijn, aangezien de elite
gemiddeld korter leefde dan de arbeiders en de middenklasse. Verschillen in levensspanne naar
inkomen lijken daarmee een relatief nieuw verschijnsel. Wel leefden boeren langer dan de
arbeiders en de middenklasse. Dit gaf in de volgende generatie echter geen grotere kans om
extreem oud te worden. Zodoende kunnen socio-economische effecten de familiaire clustering
van extreme ouderdom niet verklaren.
Ook de kenmerken van de ouders hebben geen effect op de overleving tussen vijf en 100.
Individuen uit gezinnen waarin relatief veel kinderen in het eerste levensjaar overleden, hadden
minder kans om zelf extreem oud te worden. De mate van kindersterfte had echter geen effect
op de overerving van langlevendheid. Dit duidt dat kinderen met een ouder uit een familie met
uitzonderlijke hoge (zuigelingen)sterfte en een tweede ouder uit een familie met extreem lage
sterfte (extreme ouderdom) zowel de voordelen van de lage sterfte als de nadelen van de hoge
sterfte erven. Ouders hadden vooral een groot effect op de overleving van het kind in de eerste
vijf levensjaren. Dit toont aan dat onderzoek naar de timing van overlevingsvoordelen erg
belangrijk is.
Ten slotte lijken langlevende families niet allemaal uit dezelfde plaats of regio te komen. De
leefomgeving beïnvloedt de kans om extreem oud te worden echter wel. Dit lijkt vooral te komen
door regionale verschillen in gedrag en niet door gene-pool effecten. Ruimtelijke verschillen in de
kans om extreem oud te worden, verklaren echter niet waarom langlevende families bestaan.
Kinderen van langlevende ouders behouden hun overlevingsvoordelen als hun ouders verhuizen.
Zodoende kan de omgeving geen invloed hebben op de familiaire clustering van extreme
ouderdom.
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Het lijkt er daarom op dat kinderen van langlevende ouders vooral een genetisch
overlevingsvoordeel hebben. Socio-economische status, kenmerken van de ouders en de
leefomgeving kunnen immers niet verklaren waarom kinderen van langlevende ouders zelf langer
leven. Er zijn meerdere sociale factoren niet onderzocht, bijvoorbeeld sociale netwerken en rooken drinkgedrag. Het is echter de vraag of deze variabelen wel de overdracht van extreme
ouderdom van ouder op kind kunnen verklaren. Socio-economische status, ouderlijke kenmerken
en de leefomgeving zijn bij verre de sterkste effecten op de individuele kans om extreem oud te
worden. Aangezien deze variabelen niet verklaren waarom langlevende families bestaan, is het
onwaarschijnlijk dat andere – minder belangrijke verklaringen – dit wel zouden doen. Zodoende
zal de oorzaak van familiaire clustering van langlevendheid in genetische predisposities moeten
worden gezocht.
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