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Progress in genealogic and genetic longevity

During the past 200 years human life expectancy at birth significantly increased in industrialized countries, with record  

male and female life expectancy increasing from 43/45 years in 1840 to 79/85 years in 20151. At first, the life 

expectancy increased because of a better understanding of how to care for newborns, resulting in a strong decline in infant 

and childhood mortality as well as mortality of women giving birth1–4. After 1900, the availability of public sanitation, the 

understanding of hygiene and effective medical healthcare increased significantly and as a result, the group of middle  

aged (~50 years) and older people (~80 years) also started to live longer1,5. Currently, the group of older people represent 

the fastest growing segment of the population6. However, even though people started to live longer, the time they spend 

in good physical and cognitive health did not increase at an equal rate to the life expectancy, causing many years with 

chronic disabilities7–11.

The increase in life expectancy was far too rapid to be caused by genetic change12 and this is reflected in the low  

heritability (12-25%)13–16 of age at death (lifespan) in the population at large. However, the capacity to outlive one’s  

birth cohort members across the entire life course into extremely old age (longevity) clusters strongly within families17–21  

and is known as the familial component of longevity. This familial clustering is illustrated by genealogical studies  

which showed that parents, siblings17–19,21–24, and children19,25–29 of long-lived persons lived longer than first degree 

relatives of non-long-lived persons or population controls. Members of such long-lived families show a holistic nature of  

healthy aging, which is illustrated by their life-long decreased chance of dying compared to the general population21,30.  

In addition, they have a lower risk of coronary artery disease, cancer, hypertension and type 2 diabetes31–33, and if  

affected, the onset of disease is at later ages and with shorter duration7,8,34–36. This phenomenon of late disease onset  

during a short period of time is known as the “compression of morbidity”. Moreover, members of long-lived families 

enjoy better immune and metabolic health in middle and old age than other individuals of the same age in the general 

population8,9,33,37–40. Thus, understanding the genetic factors influencing longevity may provide novel insights into the 

biological mechanisms that promote health and minimize disease risk13,41.

The identification of longevity loci, however, has been challenging and only a handful of genetic variants have  

been shown to associate with longevity across multiple independent studies40–47. The most consistent evidence has 

been obtained for variants in the APOE and FOXO3A genes41–46,48, in either genome-wide association studies (GWAS) or 

candidate gene studies. The limited success of genetic longevity studies in identifying causal variants can be attributed 

to a number of issues. First, the genetic and environmental heterogeneity30 of study populations is often large, which 

makes it difficult to identify specific longevity-associated genes. Second, the focus has been on the discovery of common 

genetic variants by GWAS approaches whereas rare variants, that can be discovered in whole genome sequencing 

data, have expectedly bigger functional effects on the trait and may thus be most identifiable. Third, and most 

relevant of all: the lack of a strict definition for human longevity13,30, as illustrated by the large variation of longevity  

definitions7,13,28,29,32,33,35,40–44,15,45–54,17,19,22,24–27. This results in a mix of sporadically long-lived cases with those descending from a 

long-lived family.

Chapter 1: Introduction

1



8

Most genealogical studies define longevity as age at death, reflecting a continuous/quantitative trait17,22,24,26,27,29,33,52 while  

only a few studies focus on individuals who died at a late age, for example 80, 90, or even 100 years. This is the  

opposite situation for genetic studies, as only a few studies define longevity as age at death or include mortality  

information from relatives of study participants40,47 and, most genetic studies focus on single individuals who are  

extremely old43–45,48,53,54. In other words, they apply an age threshold to define long-lived cases, which may dilute  

heritable with sporadic cases. The epidemiological transition of the past 200 years, by which the lifespan increased 

worldwide, has resulted in many long-lived singletons for which heritable factors contributed only partly to their  

long lifespan. Research into these long-lived singletons showed that a wide range of individual factors, such as  

socio-economic status, familial resources, genes and, the living environment, associate with lifespan and  

longevity55–6355,57,61,64. In fact, many of these factors are known to cluster in families65–70. However, research into the driving 

factors of the familial component of longevity is scarce and thus it remains to be explored which factors contribute  

to the longevity of members of long-lived families.

Currently, many questions regarding familial longevity remain; 1. how can we identify heritable cases for inclusion in  

genetic longevity studies as many individuals have become long-lived due to factors driving the epidemiological  

transition?, 2. to what extent is longevity passed on to subsequent generations?, 3. do men and women equally transmit 

the longevity trait? and, 4. how many family members should be long-lived to represent a familial longevity trait  

passed on from one generation to the next?. Moreover, it is unknown to what extent the familial component of longevity 

can be explained by genetic and/or non-genetic (social) factors, connecting to the classic “nature and nurture” dilemma. 

This thesis focuses on multiple sources of genealogical data to define and explore the heritable longevity trait in large 

scale family data, taking into account genetic as well as social factors that influence the familial component of longevity  

so that the results can be used for future studies.

Genealogical data to investigate the familial component 
of longevity
Such questions, about the familial component and the definition of longevity, can be investigated using individual- 

level historical genealogical data. Such genealogical data can be obtained through different data sources: 1. civil 

certificates (birth, marriage, and death certificates), 2. population registers, 3. parish registers, 4. census records, and 5. 

genealogy websites. Table 1 explains the characteristics of these different data sources and compares their advantages 

and disadvantages. The table also shows the types of data sources underlying the databases used for this thesis.  

These datasets include the Leiden Longevity Study (LLS), the Historical Sample of the Netherlands (HSN), the HSN 

case/control study, the Utah Population Database (UPDB), and the LINKing System for historical family reconstruction 

(LINKS). The data sources can be used for life course and family reconstruction. Life course reconstruction refers to the  

identification process of vital events that happened during the life course of an individual, such as birth, marriage,  

divorce, moving from one place to another, changes in occupation, and death. Family reconstruction refers to the 
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identification process of relatives, such as parents, siblings, aunts and uncles, and grandparents. In the next paragraphs  

a short description will be provided of the different data sources and the databases used in in for this thesis.

LLS = Leiden Longevity Study LINKS = LINKing System for historical family reconstruction and HSN = Historical Sample of the Netherlands. Life course 

reconstruction refers to the reconstruction of a person’s life course by, for example following a person from birth to death and observing what life 

events this person experiences during his/her life. Family reconstruction refers to the reconstruction of family ties, such as identifying a person’s 

parents, siblings, children, grandparents, etc. The “dataset” column refers to the dataset that is used for the analysis during the period of this thesis. 

Table 1: Overview of data sources that can be used for life course and family reconstruction

Source documents Life course and family 

reconstruction method and 

information

Pros Cons Dataset

Civil certificates; 

birth, marriage, and 

death certificates

Linking certificates for single 

individuals and between 

individuals to reconstruct 

individual life courses and 

families

Very high quality 

information

Very good 

representation of 

childhood mortality

Potential of linking 

errors

Fragmented life 

course information

LINKS

UPDB

Population registers Continuous observation of 

individuals’ life courses and 

information on individuals’ 

relatives are on the cards of 

individuals

Very high quality 

information

Continuous life course 

information

Partial coverage of 

childhood mortality

HSN

LLS

Parish registers Church related continuous 

observation of individuals’ life 

courses and information on 

individuals’ relatives

Pedigrees can date 

back more than three 

centuries

Usually only focus on 

a small geographical 

area

UPDB

Census records Interval (usually 10 years) 

information about individuals 

and household members

Available in most 

countries.

Can date back more 

than two centuries

Long intervals 

between subsequent 

censuses, especially 

for family 

reconstructions

UPDB

HSN

Self-reported 

genealogies and 

genealogy websites

Individuals reconstruct their 

own families. The extent 

of the individual life course 

reconstruction depends on the 

source material backing up the 

genealogies.

Extensive pedigrees 

dating back very long

Large numbers 

of pedigrees and 

individuals

No or limited 

verified demographic 

information such 

as births, deaths, 

marriages, and 

profession

UPDB

LLS
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Population registers provide a continuous observation of a person’s life course71–73. This means that whenever a vital  

event, such as moving from one place to the other or the birth of a child, happens, this event is registered in the 

population register. Next to the registration of vital events, population registers also contain identifying information on 

a person’s parents, siblings, and children. As such, population registers are useful to obtain life course information and  

family ties of a person. Of course, to obtain life course information of the identified relatives, the population register 

for that specific person should be obtained73. In the Netherlands, these registers are officially maintained by the Dutch 

government and as such, the life course and family information is very accurate. Data from the Dutch population  

register is available in the Historical Sample of the Netherlands (HSN) and the HSN is supplemented with civil certificate 

data72–74.

Civil certificates provide interval life course observations73, with the main observation moments at birth, marriage 

and death. Birth, marriage and death certificates all contain reference to the parental names of the person to which 

the certificate belongs. These names can be used to identify the civil certificates of all relatives of a person. Marriage  

certificates are most practical to reconstruct families because they contain the parental names of both spouses. 

The civil certificates contain high quality life course information and using available parental information, family  

reconstruction is relatively easy. However, complex, common, and ambiguous first and/or last names provide difficulties 

in identifying the civil certificates of individuals or their parents and may even result in identifying and connecting  

the wrong certificates. In the Netherlands, family and life course reconstruction based on the civil certificates has  

been automated using a name linking algorithm73 and resulted in the LINKing System for historical family reconstruction 

(LINKS) data75–77.

Parish registers are often similar to the Dutch population registers regarding the life course and family member  

information they contain. The main difference is that they are initiated and maintained by a parish church and hence, 

usually cover a small geographical area. In contrast to the coverage of a small geographical area, census records  

usually cover entire countries. Census records can provide a snapshot of a person’s life course and the relatives of  

a person, based on the moment the census was conducted. Census records are often used to supplement life  

course and family reconstruction information based on other sources and moreover, with the increasing availability  

of data, not only census records can be combined with other sources, but all different data sources can be combined. 

The HSN for example includes, to a small extent, census and civil certificate information to supplement the  

population register information. The Utah Population database (UPDB) was initially based on records of the  

Mormon Church in Utah (US) and now covers the entire Utah population. The UPDB is the most extensive historical 

genealogical database in the world at this moment78,79, https://uofuhealth.utah.edu and combines information from 

parish registers, civil certificates, and census information to establish high quality life course and family reconstructions. 

Additionally, the data are extended with information from medical records, and driver license records78,79.

Genealogical websites provide an interesting source of family reconstructions as they may cover persons well  

before the introduction of the civil registry and population registers15,16. The pedigrees contained on genealogical  

websites are usually constructed by hobby-genealogists who are interested in their own family history. For (historical) 
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genealogical research, the pros are that the pedigrees are structured in a standardized international format (GEDCOM) 

and that the pedigrees may date back for many years (sometimes to before 1700). A downside of this is that there  

are no governmental sources before ~1800 to verify demographic and mortality information of pedigree members so 

that the error rate increases before 1800. Similar to the misreporting of demographic and mortality information, it is  

also more difficult to verify family relationships in those early years. In addition, the quality of the life course and  

family reconstructions may vary strongly between families as one hobby-genealogist may try to verify mortality  

information and family ties with the corresponding civil certificates and population registers, but another may not 

do this. It is also important to note that there may be a self-selection bias in such data towards non-extinct families.  

Living people map their own family threes and thus, extinct families may be underrepresented, which may or may not  

cause issues, depending on the type of research that is done with the data.

Aim and outline of this thesis

Understanding the genetic factors influencing longevity may provide novel insights into the mechanisms that  

promote health and minimize disease risk13,41. Hence, the aim of this thesis is to study the familial component of longevity  

by first establishing a standardized definition of longevity and subsequently investigating the intergenerational  

transmission of longevity. Ultimately we aim to establish a genetically enriched group (cases) and a group which  

represents the general population (controls) that could be included in novel genetic longevity studies. In our analyses 

we take into account social factors, such as socio-economic status, fertility measurements, familial resources, and living 

environment, which potentially contribute to the familial component of longevity. We also take the survival of spouses  

into account and explore the association between longevity and family size. 

Data

For our investigations we use different datasets. These include the data available in the Leiden Longevity Study (LLS)19,21, 

which is based on self-reported genealogies, supplemented with Dutch population registers provided by the Central  

Bureau of Genealogy (CBG) and Dutch Personal Records Database (PRD). We further used the LINKS and HSN data,  

provided by the International Institute for Social History (IISH), and the UPDB provided by the University of Utah.

The LLS was initiated in 2002 to study the genetic determinants of human longevity. Men and women could participate 

if they were alive and aged ≥89 and ≥91 respectively and had at least one sibling fulfilling the same criteria. From  

these participants, relatives were identified, including their parents, spouses, siblings, and children. The LLS consists 

of 421 families and covers 3 generations with a birth cohort range between 1850 and 2019. The LINKS Zeeland  

(from here: LINKS) data indexing began in 1995. LINKS contains around 700,00 birth, 300,00 marriage, and 600,000 death 

certificates providing information for around 2,000,000 persons  and covering a maximum number of 7 generations. 

LINKS covers birth cohorts between 1750 and 1920. The UPDB data construction began in the mid-1970s with genealogy 

records from the archives at the Utah Family History Library and was initially based on the founding members of  
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the Utah population, their descendants, and then subsequently all individuals living in Utah. The UPDB contains  

information on more than 11 million individuals and covers a maximum of 17 generations. The UPDB covers birth cohorts 

between 1750 and 2019. The HSN 2010.01 release is based on a sample of birth certificates and contains complete  

life course information for 37,137 Dutch individuals (index persons (IPs)) born between 1849 and 1923 (32–34).  

These 37,137 persons were subsequently identified in the Dutch population registers and followed in the registers  

throughout their entire life course. The HSN 2010.01 covers a maximum number of 3 generations and covers birth cohorts 

between 1850 and 1922. The HSN was split into a case (persons who died ≥ 80 years) and a control (persons who died 

between 40 and 59 years) design for the birth cohorts 1860 - 1875 and for these groups, the third generation was extended 

with mortality information. Subsequently, two generations were added to the data. The final database covers 57,337  

persons from 1,326 five-generational families with birth cohorts ranging between 1850 and 1995. Table 2 provides 

an overview of the data sources underlying the datasets that are used for this thesis and Figure 1 illustrates the birth  

cohorts included in the data analyses of this thesis. 

1750 1770 1790 1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2010 2020

                            Historical Sample of the Netherlands - case/control study

    Historical Sample of the Netherlands

  Utah Popula�on Database

            Links Zeeland

          Leiden Longevity Study

Figure 1: Overview of the databases and study periods used for this thesis. 
The green colors in the time-line illustrate the included birth cohorts of all databases used during this thesis. The orange colors illustrate the  

birth cohorts that were not included in the analyses. 
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Table 2: Overview of databases that have been used for in this thesis

Dataset Short description Type Birth cohorts Continuous 

expanding

Source material

LLS The LLS was initiated in 2002 

and consists of 421 families, 

covering 3 generations.

Specific 

population 

database

First birth cohort is 

1850 and the last 

birth cohort is 2017

No Population 

registers and self-

reported pedigrees

LINKS 

Zeeland

The LINKS data indexing began 

in 1995. The data currently 

covers over 25 million Dutch 

vital event records. LINKS 

Zeeland contains information 

for  around 2,000,000 persons  

and covering a maximum 

number of 7 generations.

General 

population 

database

Around 1750 and 

around 1920

Yes Birth, marriage, 

and Death 

certificates

UPDB The UPDB data construction 

began in the mid-1970s. The 

UPDB contains information on 

more than 11 million individuals 

and covers a maximum of 17 

generations.

General 

population 

database

Around 1750 up to 

2019

Yes Church registers, 

birth, marriage, 

and death 

registers, census 

records, and 

genealogy website 

information

HSN The HSN was initiated 

around 20 years ago and 

contains complete life course 

information for 37,137 Dutch 

individuals  The HSN 2010.01 

release covers a maximum 

number of 3 generations.

General 

population 

database

First birth is 1850 

and last birth is 

1922

Yes Population 

registers, birth, 

marriage, and 

death registers

HSN 

case/

control

The HSN case/control study was 

initiated in 2014 and the final 

database covers 57,337 persons 

from 1,326 five-generational 

families.

General 

population 

database

Around 1850 up to 

1995

No Population 

registers, birth, 

marriage, and 

death registers

LLS = Leiden Longevity Study, LINKS = LINKing System for historical family reconstruction and HSN = Historical Sample of the Netherlands.  

The “dataset” column refers to the dataset that is used for the analysis during the period of this thesis. Specific population refers to a database  

which reflects a specific study population, such as the LLLS which contains a directly or indirectly selected group of people, general population  

refers to a database which reflects a broad population, such as the HSN, which reflects the general Dutch population. 
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Outline

In chapter 2 we review the relevant literature investigating the familial component of longevity. We focus on  

heritability studies, studies investigating the transmission of lifespan and longevity as well as lifespan and longevity 

inheritance patterns. We further discuss important environmental/social factors that affect individual lifespan and  

longevity or potentially affect the transmission of lifespan and longevity between parents and offspring. In other words, 

we discuss the factors that associate with individual longevity and the familial component of longevity. We emphasize 

the difference between lifespan and longevity traits. Lifespan generally refers to the age at death of a person whereas 

longevity refers to survival into extreme ages, such as 80, 90, 100 years, or an extreme survival percentile such as belonging 

to the top 5% birth cohort specific survivors. Finally, we discuss a strategy to study familial longevity and to identify a  

definition of longevity that may best represent the heritable longevity trait.

The LINKS database was recently constructed and before using these data we wanted to validate the quality of the  

life course and family reconstructions by comparing the LINKS data to the well-established HSN data. Hence, in  

Chapter 3 we test the quality of the LINKS and HSN data by comparing life course information and family reconstruction  

of ~400 persons born in Zeeland who could be identified in both the HSN and LINKS data. We focus on overlap and 

differences in demographic information, such age at death and age at first childbirth, and family information, such as 

the number of identified siblings and children. Finally, we expect that some of the differences in demographic and family 

indicators, such as the number of children, between the two databases can be explained by how migration is represented 

in the two databases. In LINKS, migration during the life course to another province or country is not included. Hence, we 

test for migration differences as an explaining factor for discrepancies between demographic and family indicators in the 

HSN and LINKS.

After confirming the quality of the life span and family reconstructions in the LINKS data, we initiated a collaboration  

with prof. Ken Smith, who provided access to the UPDB, to investigate the definition and subsequently, the familial 

component of longevity. Thus, in Chapter 4 we use three-generational demographic and mortality data from two large 

datasets, UPDB (US) and LINKS (Netherlands). We focus on 20,360 families who are unselected for mortality. The data 

contains 20,360 index persons, their parents (N=40,72), siblings (N=108,122), spouses (N=22,018), and children (N=123,599), 

comprising 314,819 individuals in total. We use these data to investigate which survival percentile best isolates the  

heritable component of longevity and we subsequently determine the importance of long-lived family members for case 

selection so that those insights can be used in genetic studies to identify novel longevity loci. In the analyses we include 

social and environmental factors, such as socio-economic status, religious denomination, number of children, birth order, 

and birth cohort, that may explain the intergenerational transmission of longevity. Moreover, we explore the survival  

of spouses marrying into longevity enriched families as an indicator for shared resources, lifestyles, and potentially  

socio-economic status during middle and late-life as explaining factors for the familial component of longevity.  

We apply the novel survival percentile threshold based longevity definition in Chapter 5, where we focus on 2  

generations from the Leiden Longevity Study, containing 944 long-lived siblings (participants), their parents (N=842), 

siblings (N=2302), and spouses (N=809) from 421 LLS families. We define longevity as belonging to the top 1% survivors of 

their birth cohort to investigate 1. a potential sex-specific inheritance pattern of longevity, 2. a potential survival advantage 

of long-lived sibships as compared to long-lived singletons and 3. whether the parents of these siblings had a life-long 

sustained survival advantage. Similar to Chapter 4, we include the spouses of the 944 LLS participants to explore mid  

Chapter 1: Introduction

1



15

and late-life shared environmental/social factors contributing to the familial component of longevity.

Following-up on the longevity definition as established in chapter 4, we focus on establishing the proportion of ancestral 

blood relatives that should be long-lived (at least belonging to the top 10% survivors of their birth cohort) in order  

to observe a survival advantage in their descendants and subsequently define cases with the heritable longevity  

trait for inclusion in genetic studies. In Chapter 6, we therefore describe and explore the HSN case/control data, which 

is specifically compiled to cover 5 generations and connect extinct family members to their living descendants. Data 

construction started with 1326 families form the original HSN and was extended by acquiring population registers and 

population register information from the CBG and the PRD respectively. Moreover, we were granted permission by the 

Dutch government to obtain the current addresses of all living descendants. We use the data to investigate if longevity 

is transmitted for multiple generations and if the longevity effect dwindles over generations by comparing long-lived 

cases (died ≥ 80 years) and their descendants to population resembling controls (died between 40 and 59 years) and  

their offspring. Furthermore, we establish how many family members should be long-lived in order to avoid phenocopies 

and subsequently investigate how often long-lived parents from a long-lived family pass on their longevity to their  

children compared to long-lived parents from general population families. Equal to LINKS and the UPDB analyses,  

here we include spouses over multiple generations to explore mid and late-life environmental effects. Finally, we utilize  

the insights to identify a novel case and control group for future genetic and social studies into the heritable longevity  

trait.
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