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Introduction 

Well known are the suspected negative consequences of inbreeding that manifested 

themselves in royal families such as the Habsburgs in Spain studied by, e.g., Álvarez, 

Ceballos, and Quinteiro (1). The effects include mental and physical impairments, excess 

mortality, and reproductive problems. 

Children of consanguineous relationships are likely to have an increased level of homo-

zygotic alleles, which causes a greater risk of recessive genetic disorders. The effect is 

however tricky to study in practice as sufficiently large pedigrees are difficult to make due 

to lack of time span in available records required for such investigation. In addition to that, 

the records must allow a long follow-up period to possibly identify and assess the effects 

for the individuals and the possibility to control for socio-economic variables. These 

obstacles are overcome in this study using the extensive Swedish records going back to the 

late 17th century. 

The aim of the paper is to investigate if the level of inbreeding is associated with life 

outcomes for individuals in a regional population in Sweden, born between 1890 and 1905 

and followed up for 45 years, at the longest, until 1950. To achieve this, data from parish 

records from Skellefteå in Sweden, covering individuals from 1680 to 1950, a time span 

of 270 years, are used to generate pedigrees and calculate the level of inbreeding. To get a 

comprehensive picture of how inbreeding affected life during this period, the effect on 

longevity, fertility and impairments are investigated. 
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Song and Campbell (2) stress the value of genealogical micro-data that provide information 

about ancestors and kin for shaping the life outcome for the individuals under study. Here 

we follow this line of research using the digitized parish records to create a deep history of 

the pedigrees and a long follow-up time to distinguish between biological and socio-

economic explanations of the effects. In the area of study chosen here, the Skellefteå region 

in Sweden, the level of consanguineous marriages was relatively high in the 19th century, 

especially after cousin marriages became legal 1844. Potentially contributing to the 

increase in consanguineous marriages was also the change in inheritance laws in 1845, 

when daughters got the same rights as sons to inherit land and property, making it harder 

to keep estates together. Previously, they only got half of their brother’s share (3). 

Our analysis adds to studies analysing the effect of inbreeding on fertility and longevity by 

looking at a Swedish historical setting and by considering the outcome variable of 

impairment, which has not been systematically investigated in a historical context before.  

Our results are of obvious relevance for history, demography and medicine in trying to 

understand the consequences of inbreeding by identifying and assessing the effects.   

Previous research 

The negative effect of inbreeding is known from different royal dynasties, e.g., the 

Habsburg example of inbreeding that has been extensively studied, e.g., by Álvarez & 

Ceballos (4). Another European example is the house of Braganza from Portugal described 

in Álvarez, Vilas, Ceballos, Carvalhal, & Peters (5). A more global view is taken by Van 

Den Berghe & Mesher (6) who use data from a wide variety of different settings e.g. 
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Ancient Egypt, Inca Peru, Hawaii and Thailand, to study the strategy of royal families to 

practice consanguineous marriages from a socio-biological perspective. They suggest that 

such marriages could be a successful reproduction strategy under certain circumstances 

despite the negative medical effects. The effects have also been studied in more recent and 

more regular populations. For modern populations, the prevalence of consanguineous 

marriages is highest in the Middle East and parts of India (7). While populations from those 

areas have attracted research interest such as, e.g., Tadmouri et al. (8), few studies concern 

populations in the Western world historically. 

The medical explanation of the negative effects of inbreeding is that children of 

consanguineous relationships are likely to have an increased level of homo-zygotic alleles, 

which causes a greater risk for the manifestation of recessive genetic disorders. Rudan et 

al. (9) show that inbreeding is a predictor of conditions like coronary heart disease, stroke, 

cancer, uni/bipolar depression, asthma, gout, and peptic ulcer and suggest that a large part 

of these diseases resulting in lifelong impairments can be caused by inbreeding in societies 

where consanguineous marriages are common. The mechanism is suspected to work 

through homozygous recessive deleterious alleles. 

For the Icelandic population, Helgason, Pálsson, Guðbjartsson, Kristjánsson, & Stefánsson 

(10) show there was a positive effect of moderate inbreeding on fertility and a negative 

effect on longevity from the level of inbreeding. They conclude that the positive effect on 

fertility is due to biological mechanisms as the homogeneity of the Icelandic population 

rules out socio-economic explanations. 
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Another island population that has been studied, e.g. by Macgregor et al. (11), is that of 

Norfolk Island, known from the mutiny on the Bounty. In their study, inbreeding is related 

to various cardiovascular disease-related traits. 

On yet another island, Åland, situated in the Baltic Sea, O’Brien, Jorde, Rönnlöf, Fellman, 

& Eriksson (12) study rare genetic diseases using old parish records to find the founders. 

The incidence of von Willebrand disease and tapetoretinal disease are high in this island 

community. They conclude that this is caused by a high frequency of the disease-causing 

genes in the founding population or by repeated reintroduction through migration rather 

than by a small number of individuals in the founding population. 

As for the Skellefteå region in Sweden, Egerbladh & Bittles (3) find a non-random pattern 

in first-cousin marriages. They find significantly more consanguineous marriages among 

land-owning families, especially involving first-born sons, within specific pedigrees, and 

in a number of more remote inland communities.  

Bittles & Egerbladh (13) further discuss the potential effect of inbreeding on genetic 

disorders in the Skellefteå region but do not explicitly link inbreeding with impairments 

using data as we do in this study. Egerbladh & Bittles (14) study the effect of inbreeding 

from 1720 to 1899 and find that it has an increased risk of stillbirths and infant and early 

childhood mortality, but no effect on fertility. In this research, we study the cohort born 

from1890 to 1905 with a longer follow-up period, mainly in the 20th century, and a wider 

set of outcome variables. 
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The Skellefteå region 

The region under study consists of the Skellefteå town parish and five nearby parishes as 

depicted in Figure 1: Jörn, Norsjö, Byske, Burträsk and Lövånger. The socio-economic 

structure was mainly based on agricultural production with increasing urbanization at the 

town of Skellefteå in the 20th century. Human settlement has been present for a very long 

time, basically since the land was ice-free after the ice age. The oldest settlement found is 

located in Garaselet in Jörn parish and is estimated to be around 8000 years old (15). The 

long settlement period is likely to cause inbreeding not detectable in the parish records. 

The population in northern Sweden has, according to Einarsdottir, Egerbladh, Beckman, 

Holmberg, & A. Escher (16), a history of admixture of Swedish, Sami and Finnish peoples 

and has experienced a dramatic population growth based on a rather small founding 

population. 

The population development from 1721 to 1950 can be seen in Figure 2. The sharp notches 

in the lines are mainly due to changes in administrative boundaries between the parishes. 

Gender composition goes from a majority of women to a male majority, mainly due to 

increased male survival and changes in the labour market with an increase of male 

dominated jobs in the industry in the 20th century, attracting male labour to live in the area. 

The female majority and the low population numbers in the 18th century are of most 

importance for demographics in general and for inbreeding in particular. Major 

demographic shapers were wars and famines that caused bottlenecks in the population 

leading to lesser genetic variation than otherwise. In 1720, Sweden had been at war for 
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much of the preceding 200 years. During this time, a large proportion of the young men 

were lost in the wars (17). The demographic effect is exemplified in Andersson (18) with 

the great Nordic war from 1700 to 1721. It culminated with the battle of Poltava in 1709 

where the regiment of Västerbotten County to which the study area belonged was 

destroyed. In 1710, the regiment was reinstalled with new soldiers then sent to the Baltics, 

from which, few returned. In addition to the wars, there were severe famines from 1695 to 

1697 (“the great famine”), 1816 (“the year without summer”), 1867–1869 (crop failure). 

A discussion of the demographic effect of such crises can be found in Biagini et al. (19). 

The relatively small founding population is also illustrated in Figure 2 by the number of 

births in the region from 1700 to 1950. This number increases from 83 per year 1700 to 

1449 per year 1950 with a peak in 1920 when 2643 were born. Notable dips occur in 1743, 

1773, 1813 and 1868. This leads to a so-called pedigree collapse or founder effect where 

the number of distinct ancestors in the family tree of the individuals are smaller than it 

could be due to re-occurrence of the same ancestors at more than one place in the pedigree. 

This is further accentuated by the tendency to marry within the same area, for example a 

river valley, creating sub-isolates, which are also confirmed by DNA tests (16). 

A few genetic diseases, both autosomal recessive and autosomal dominant, have a 

comparatively high frequency in the Skellefteå region. Nordström (20) gives an overview 

of the genetic diseases affecting this region and other parts of Sweden. The relatively high 

prevalence of such diseases is a direct consequence of inbreeding. A locally well-known 

genetic disease from the area is the so-called Skelleftesjukan (“The Skellefteå sickness,” 

hereditary transthyretin amyloidosis), which is studied in, e.g., Norgren (21). It leads to an 
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abnormal build-up of the protein amyloid in tissues causing a wide variety of problems in 

the organs of the body. The origin of this disease is traced to six ancestral couples born 

between 1599 and 1736. The distribution of affected cases is concentrated in the area 

around Skellefteå, illustrating the low mixing with people outside of the area. Most of the 

affected cases are also descendants from several of the ancestral couples, further pointing 

to inbreeding.  

 

Figure 1: The Skellefteå region and parishes under study. Source: Map created by 

Demographic Data Base, Umeå University 
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Figure 2: Population development in the Skellefteå region. Total number of parishioners 
by sex and children born c. 1700 –1950. Source: Digitized parish register, Demographic 
Data Base, Umeå University  

Parish register data 

The data sources consist of parish records housed by the Demographic Data Base (DDB) 

at Umeå University (22). These records provide digitized and linked parish records derived 

from original records on parishioners’ birth, baptism, marriage, out- or in-migration, death, 

burial and the catechetical examination records. Our dataset shows longitudinal and multi-

generational data recorded for 226,000 parishioners residing in the Skellefteå region 

between 1680 and 1950. The records are linked on an individual level so we can follow 

them over time as well as with preceding generations, which give us extensive 

demographic information about each parishioner’s life as well as family background. 



10 

Thanks to these rich data, we can trace the family history back almost three centuries, 

making it possible to create pedigrees for the population to calculate the level of inbreeding 

and follow the parishioner’s individual life and his/her family background as well. We can 

thus follow the individuals for a major part of their lives to detect and assess potential 

effects of inbreeding. This makes the studied area and data exceptionally suitable for 

investigating the effect of inbreeding. 

While birth and death records represent information about fertility and mortality, the 

catechetical examination records are the major source for identifying impairments and for 

following individuals over a lifetime. These records were collected on a yearly basis due 

to the obligation for the ministers to keep records of the parishioners’ knowledge of the 

catechism and their ability to read, first stated in the Church law of 1686 (23). In these 

records, the ministers also made marks of impairments (lytesmarkeringar), which 

document physical and mental deviations in functionality among the parishioners. These 

are used to identify the impaired individuals and to separate them from the non-impaired 

cases (24). A thorough discussion on how to identify disabled and other groups in past 

population records can be found in Rogers & Nelson (25). 

Our dataset consists of observations of individuals who at some point in their lives lived in 

the Skellefteå region during the time the parish records were kept. The focus persons are 

those born in the region 1890–1905 amounting to 37,372 individuals. To calculate the 

pedigrees, all known persons in the region are used amounting to 227,215 persons. Of the 

37,372 individuals, 15,334 have a full two-generation pedigree, which we use for analysing 

longevity. Of these, 5,972 can be followed from birth and 45 years onwards without 
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absence of longer than a year, which we will use for the analysis of fertility and impairment 

as the main fertile period is included and impairments possible due to inbreeding have time 

to be revealed. 

The variables available in the data retrieval are the date of birth, the individual’s id, 

impairment notes, the individual’s biological parents’ ids, whether the father was a farmer, 

what kind of entry into/exit from the parish records, on which date the entry is made and 

the sex of each individual. From these variables, the following variables can be identified 

or calculated: date of birth, age of death, number of children, individual inbreeding 

coefficient, mean inbreeding coefficient of children.  

Method 

The effects of inbreeding are investigated by performing relevant statistical analysis using 

a measure of inbreeding as the variable under study. The degree of inbreeding is measured 

by the inbreeding coefficient, which is a measure that increases the more inbred an 

individual is and is denoted by 𝐹𝐹 (26). It is defined as the probability that two alleles are 

identical by descent. To exemplify, full siblings get children with an 𝐹𝐹 of 1/4, first cousins 

1/16, second cousins 1/64 and third cousins 1/256. 

In clinical genetics, a consanguineous marriage is often defined as couples who are related 

as second cousins or closer (27), while in population genetics having any ancestor in 

common in a couple constitutes a consanguineous marriage. In this study we are interested 

in even minor inbreeding caused by consanguineous relationships making the latter 
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definition more relevant. Inbreeding is then the reproductive result of a consanguineous 

marriage. 

𝐹𝐹 is then related, as an explanatory variable, to outcomes indicating longevity, fertility and 

impairments. 𝐹𝐹 is divided into five inbreeding groups where the null group will serve as a 

reference level in the regression models as described in Table 1.  

Table 1: Inbreeding groups with frequencies  
Inbreeding coefficient, 𝐹𝐹 Parents relationship Inbreeding group Frequency 

𝐹𝐹 = 0 No relationship 0. Reference level 9918 
0 < 𝐹𝐹 < 1 256⁄  Less than third cousin 1 2948 

1 256⁄  ≤ 𝐹𝐹 < 1 64⁄  Less than second cousins 2 1108 
1 64⁄  ≤ 𝐹𝐹 < 1 16⁄  Less than cousins 3 813 

1 16⁄  ≤ 𝐹𝐹 Cousins or more 4 547 

 

Longevity is measured as life span (number of lived days), and the modelling approach 

will be Cox regression. As Cox regression handles right censoring, there is no need to 

specify a minimum follow-up time. Different models are estimated for the sexes and for 

the 0–28 day, 29–365 day and above one-year ranges. This split is done because it is likely 

that the effect of inbreeding is different in different age periods. Stillbirths are analysed 

using logistic regression. The effect on impairment will be analysed using the presence of 

an impairment note in the records as the outcome. Here the modelling approach will be 

logistic regression and a minimum of 45 years follow-up time is required. The long follow-

up time is motivated by the possibility of late onset disease caused by inbreeding shown 

in, e.g., Rudan et al. (9) 
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Fertility will be measured by the number of biological children a person has and the 

modelling approach will be zero inflated models with a logistic regression to model the 

excess zeros and a negative binomial model for the count part (28). The logistic part 

handles excess zeros that can be present due to individuals that do not marry or are unable 

to have children. The negative binomial handles count models where the mean and variance 

are not necessarily the same. The observation time is set to 45 years to ensure a follow-up 

that covers most of the reproductive period. 

The models estimated to analyse the effect of inbreeding are summarized in Table 2. All 

models estimated have birth year as an independent factor variable and a dummy variable 

indicating if the father was a farmer. Controlling for a farming background is important as 

it might affect health, fertility and longevity, as well as propensity to marry a relative.  

Table 2. Models estimated by type of outcome under investigation. 

Mode
l Investigated aspect Outcome variable 

Independent variable of 
interest Model type 

1 a-c Mortality: Life span of men Inbreeding group Cox 
regression 

2 a-c  Life span of women Inbreeding group Cox 
regression 

3  Stillbirths Child’s inbreeding group Logistic 
regression 

4 a-b Fertility: Number of children of 
a mother 

Inbreeding group Zero-inflated 
model 

5 a-b  Number of children of 
a father 

Inbreeding group Zero-inflated 
model 

6 a-b  Number of children of 
a couple 

Inbreeding group calculated 
from the couple’s children 

Zero-inflated 
model 

7 Impairment: Impairment note Own inbreeding group Logistic 
regression 
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Results 
This section presents the results of the different model estimates. The complete model 

estimates are detailed in the Supplement. 
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Table 3. Parameter estimates of the inbreeding parameters with standard deviations within 
brackets. 

  Inbreeding group  p-value 

Model   1 2 3 4  
1a Mortality 

Male:  
 0-28 0.131 

(0.157) 
 

0.349 
(0.220) 

0.161 
(0.256) 

−0.122 
(0.363) 

 0.5918 

        
1b  28days-1 

year 
0.068 
(0.133) 

0.031 
(0.207) 

0.291 
(0.201) 

0.319 
(0.245) 

0.6321 

        
1c  above one 

year  
−0.029 
(0.071) 

−0.029 
(0.109) 

0.342∗∗∗ 
(0.100) 

0.268∗∗ 
(0.131) 

0.0099 

        
2a Mortality 

Female: 
  0-28 days   −0.068 

(0.177) 
−0.060 
(0.272) 

0.329 
(0.272) 

−0.227 
(0.417) 

  0.7571 

        
2b   28 days to 1 

year 
0.018 
(0.146) 

−0.002 
(0.225) 

−0.896∗∗ 
(0.415) 

0.021 
(0.310) 

0.1040 

         
2c  above one 

year 
0.045 
(0.072) 

0.068 
(0.104) 

−0.021 
(0.127) 

0.184 
(0.140) 

0.7649 

        
3  Stillborn −0.127 

(0.167) 
0.754∗∗∗ 
(0.178) 

0.194 
(0.252) 

1.076∗∗∗ 
(0.210) 

0.0000 

        
4a Logistic Fertility  Mother 

Logistic 
regression 

0.098 
(0.138) 

−0.061 
(0.202) 

−0.035 
(0.232) 

0.634∗∗ 
(0.247) 

 

        
5a Logistic  Father −0.203 

(0.126) 
−0.312 
(0.204) 

−0.025 
(0.196) 

0.775∗∗∗ 
(0.227) 

 

        
6a Logistic  Couple 0.035 

(0.241) 
−0.174 
(0.414) 

−0.225 
(0.398) 

−0.146 
(0.678) 

 

        
4b Negative 
Binomial 

 Father 0.078∗∗ 
(0.031) 

0.035 
(0.044) 

−0.078 
(0.054) 

−0.052 
(0.071) 

 0.0301 

        
5b Negative 
Binomial 

 Mother −0.020 
(0.029) 

−0.038 
(0.045) 

0.100∗∗ 
(0.047) 

−0.075 
(0.076) 

 0.1096 

        
6b Negative 
Binomial 

 Couple 0.001 
(0.037) 

−0.034 
(0.058) 

0.120∗∗ 
(0.055) 

−0.065 
(0.096) 

0.2029 

        
7 Impairments  −0.259 

(0.194) 
0.099 
(0.251) 

0.469∗ 
(0.243) 

0.636∗∗ 
(0.284) 

0.0294 

        
Note: ∗ p<0.1; ∗∗ p<0.05; ∗∗∗ p<0.01 
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The effect of inbreeding on longevity 

The effect of inbreeding on longevity is investigated by Cox regressions divided in three 

age categories, based on the age of the persons; 0–28 days (a), 28 days to one year (b) 

and above one year (c).  

As the results of Model 2 of Table 3 show that inbreeding did not affect women’s 

longevity significantly while it did for men, we will focus on the latter. Model 1 of Table 

3 contains the result for the mortality estimates for men. The inbreeding group variable 

for Models 1a and 1b are not significant according to the results of the Cox regression. In 

Model c the higher inbreeding groups 3–4 have significantly higher mortality. This result 

is also visible in the Kaplan-Meier curves in Figure 3, showing the survival without any 

control variables. In this model, the dummy variable indicating if the father is a farmer is 

also significant, suggesting a protective effect, as it seems to reduce mortality. This might 

be caused by the relatively good socio-economic situation for the farmer families. 
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Figure 3: Kaplan-Meier survival curves showing men’s longevity by inbreeding group. 

Source: Digitized parish record, Demographic Data Base, Umeå University 

Model 3 of Table 3 demonstrates that consanguineous parents have an increased risk of 

having stillborn children. The results indicate that there was a genetic component 

contributing to the risk of stillbirths. 

  

The effect of inbreeding on fertility 

The fertility is studied with zero-inflated models consisting of a logistic regression model 

(a) where the probability of not having children is modelled, and a negative binomial (b) 

for the count model of how many children are born. In models (a) and (b), the inbreeding 
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group is based on the inbreeding group of the father and mother respectively. The number 

of children is the father’s or mother’s number of children. In model c, the inbreeding group 

is calculated as the mean inbreeding factor of children to a father and the number of 

children is the father’s number of children. This approximates the parents’ genetic 

relatedness and number of children. The logistic model is presented in Models 4a-6a. There 

is an evident tendency for both men and women in the highest inbreeding group to have 

zero children as can be seen in Models 4a and 5a. The results on related couples, 6a, are 

not significant. The lowest inbreeding group for men has a slight significant increase in 

number of children according to the binomial part, Model 4b. 

The effect of inbreeding on impairments 

Here, the outcome variable is an impairment note of any kind modelled as a binary 

variable and analysed with logistic regression. Common notes include deaf, mute, blind, 

crippled, insane and mentally deficient. The results show an increased risk for an 

impairment with the level of inbreeding (Table 3, Model 7).  

Conclusions 

The overarching aim of this analysis was to test and assess the association between 

inbreeding on human life and health outcomes, i.e. longevity, fertility and impairment in a 

historical population. We show that inbreeding was associated with several different areas 

of human life in the region and time period studied. Higher levels of inbreeding impeded 

men’s longevity more than women’s, with a significantly higher mortality. The results for 
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women and ages below one year between both sexes were not significant. This observation 

goes in the same direction as Helgason et al. (10) who showed that, for the Icelandic 

population, the life expectancy of children of couples who were related as second cousins 

or closer was shorter than for couples with less inbreeding. The effect of increased 

inbreeding on stillbirths that we find are strong and in line with previous research. 

The effect of inbreeding on fertility is primarily that individuals with the highest levels of 

inbreeding are more likely to not have children. For men, there is also a decreasing number 

of children with increasing inbreeding levels as can be seen from the negative binomial 

model. This is in line with Robert, Toupance, Tremblay, & Heyer (29) who report a 

negative relationship between fathers inbreeding and fertility. The effect of lower levels of 

inbreeding on fertility is not significant, but those with moderate inbreeding (group 3) seem 

to have a tendency toward having more children. This tendency goes in the same direction 

as the study from Iceland, Helgason et al. (10), where those couples that were related, but 

less related than fourth cousins, had more children compared to those who were not inbred. 

Our study is the first analysis to use parish records to look for evidence on whether and 

how inbreeding influenced the propensity for impairments historically. We find that higher 

inbreeding increased the risk of impairments to a significant extent. This result contributes 

to the notion that inbreeding can cause health problems. The next step in our research would 

be to investigate whether certain types of impairments are particularly sensitive to 

consanguinity. 
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An interesting finding is that landowning groups, here represented by farmers, were 

substantially more inclined to choose a spouse that was relatively closely related. This is 

evident from the fact that the mean inbreeding coefficient for children to non-farmers is 

0.0022 and for farmer’s children 0.0049; that is more than twice as high. Having a father 

that is a farmer is thus associated with higher levels of inbreeding and, at the same time, in 

itself a factor that affects the outcome variables, making it a potentially confounding factor 

and an important variable to control. 

Even though our approach to identify the consequences of inbreeding by calculating the 

inbreeding coefficient from observed pedigrees generated from parish records holds many 

advantages, there are some limitations to it. First, the pedigree can be incomplete if false 

parents are recorded in the original records or due to possible errors in the digitization 

despite frequent checks to avoid such errors. Second, the time span is also limited by the 

start of the records, leading to an underestimation of the inbreeding in the population. An 

alternative approach that would overcome such problems would be to use DNA tests from 

the population, an approach taken in, e.g., Karafet et al. (30). This approach has the 

drawback of normally leading to a much smaller dataset than the full population records 

used in this study. Third, while the fertility and mortality variables are likely to be 

systematically recorded and of good quality, the variable showing impairments is likely 

more imprecise and less consistently reported in the parish records. This may lead to an 

under-reporting of the latter cases. However, we think that this does not pose a big problem 

because the parishioners reported as being impaired probably lacked full functionality to a 

substantial extent. Despite these limits, this study is exceptional in its longitudinal scope 
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and for examining three health outcomes possibly coupled with consanguinity in a past 

Swedish population. We provide firm evidence that inbreeding and the level of it had long-

term negative impacts on individuals’ longevity, fertility and impairment. Such impacts are 

difficult to identify and distinguish between, and they may work to shape the health among 

populations even today.  
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Figure text: 

 

Figure 1: The Skellefteå region and parishes under study. Source: Map created by 
Demographic Data Base, Umeå University 

 

Figure 2: Population development in the Skellefteå region. Total number of parishioners 
by sex and children born c. 1700 –1950. Source: Digitized parish register, Demographic 
Data Base, Umeå University  
 

 

Figure 3: Kaplan-Meier survival curves showing men’s longevity by inbreeding group. 
Source: Digitized parish record, Demographic Data Base, Umeå University 

 


