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Abstract

The frequency of marriages contracted between individuals with close consanguinity has tradi-
tionally been low in Finland. In the 19th and early 20th centuries only 0.1-0.3% of all marriages
were contracted between first-cousins (average kinship coefficient 0.0001-0.0002). In genealogical
search, however, a remote consanguinity (often beyond 3rd cousins) is frequently found especially in
the rural areas and the true level of inbreeding is higher.

In Finland, several autosomal recessive diseases are known to be enriched in the population. This
unique spectrum of genetic diseases is sometimes called »the Finnish Disease Heritage». To study
the implication of close consanguinity for these disorders, information on consanguineous marriages
closer than second-cousins was collected from 808 families representing 24 different »Finnish» auto-
somal recessive disorders. The mean rate of first-cousin marriages was 1.6% (0-20%). Consanguini-
ty (parents second-cousins or closer) was found in 4.2% of the families. For comparison, in 160 fam-
ilies representing three »non-Finnish» autosomal disorders the corresponding figures were 1.9% and
2.5%, respectively. Although these figures are high when compared to the general Finnish population,
it can be concluded that close consanguinity is not a significant factor of Finnish genetic diseases.

Keywords: consanguineous marriage, consanguinity, autosomal recessive diseases, genetic dis-
eases, Finland

Introduction

Consanguinity refers to the marriages contracted between genetically related indi-
viduals. As it is usually impossible to trace back very remote ancestors and thus prove
(or exclude) the common genetic origin, in medical genetics consanguinity is usually
defined as marriages between individuals who are second-cousins or more closely re-
lated (Cavalli-Sforza and Bodmer 1971; WHO 1985). The term »remote consanguini-
ty» is often used if a genetic relation beyond second-cousins is found.

The frequency with which consanguineous matings occur in a given population
depends on several factors. Consanguinity has been favored because of social and eco-
nomic factors but sometimes it may also be practiced due to a lack of suitable mates
outside of the family because of geographical, religious or cultural isolation. In the
Western society consanguineous marriages are relatively rare. Instead, in many other
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parts of the world including Northern Africa and Southern and Western Asia, they are
highly favored accounting for approximately 20% to 55% of all unions (Bittles 1990).

Avoiding consanguinity has often been attributed to its negative effects upon the
genetic load of the population. Clearly, however, the attitudes more depend on the cul-
tural and historical tradition of the society, and the religious and legal prohibitions on
consaguineous marriages are not based on genetic risks alone. For example, in many
countries — including Finland — marriages between half brother and half sister are pro-
hibited and decreed incestuous, whereas marriages between double first-cousins, who
are genetically identical to half sibling, are allowed. Marriages between very close rel-
atives such as brother and sister or parent and child have traditionally been looked
upon unfavorably in most societies.

Consanguineous marriages or inbreeding has long been a subject of interest to hu-
man geneticists because of the higher risk of autosomal recessive diseases as a result
of consanguinity (Cavalli-Sforza and Bodmer 1971). An autosomal recessive trait is
expressed only in homozygotes, which have received the recessive gene from both par-
ents. The risk that a healthy carrier of a rare gene will mate another person carrying
the same gene is higher if he or she mates a near relative.

To answer the question how closely the spouses are related and what is their share
of common genes is answered by measuring the »inbreeding coefficient» (F). This in-
dicates the proportion of autosomal loci predicted from pedigree analysis to be ho-
mozygous through inheritance of identical genes from common ancestors. If there is
no mutation, inbreeding coefficient F is identical to the »coefficient of kinship» (f) of
the parents. The offspring of first-cousin parents is likely to be homozygous at about
6% (F = 1/16 or 0.0625) of gene loci, the figure for second-cousin parents being about
1.5% (F = 1/64 or 0.0156) (Cavalli-Sforza and Bodmer 1971). In most European pop-
ulations the observed consanguinity rate is usually less than 1% and the values for
F < 0.001 (Bittles 1990).

The convention to limit assessment of consanguinity to the second-cousin level
appears reasonable because beyond this range, the coefficient of inbreeding of an in-
dividual increases only very slowly with the number of additional consanguineous mar-
riages in his or her ancestry (Vogel and Motulsky 1986). In some isolated populations
with uninterrupted endogamy over many centuries, however, the couples may become
related through multiple pathways and the inbreeding coefficient may gradually reach
very high values. Thus in a study on the Lancaster County Amish settlement in Northern
America the mean inbreeding coefficient was 0.026 despite the conscious avoidance
of close marriages in this society (McKusick 1978).

Inbreeding in Finland

There are only a few studies on inbreeding in Finland. Jorde and Pitkdnen (1991)
analyzed the frequency of first-cousin marriages using the royal dispensation records
for the time period 1810-1872 and the national population statistics for 1878—1920.
During the earlier period, 0.315% of Finland’s marriages were contracted between first-
cousins (2,331 of 739,387) which yields an average kinship coefficient of 0.00020.
During the second time period (after the dispensation system had been abolished) the
rate of first-cousin marriages was 0.174% (1,325 of 761,976) with an average kinship
coefficient of 0.00011, respectively.

Norio (1966) made an extensive genealogical study of the ancestry of 57 families
with autosomal recessive congenital nephrosis. In this material, close consanguinity
was rare and no first-cousin marriages were observed. Instead, several remote con-
sanguinities between the parents were found. The inbreeding coefficient for the af-
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fected individuals was 0.00060 and for their parents 0.00170, respectively. Nevanlin-
na (1972) studied the parish of Sikkijirvi in southeastern Finland and also by an ex-
tensive genealogy obtained an average inbreeding coefficient of 0.00867 for this study
population. In the Sottunga parish, an island belonging to the Aland Archipelago, the
average inbreeding coefficient was found to be 0.00210, remote consanguinity again
contributing more to inbreeding through time than close consanguinity (O’Brien et al.
1988).

Purpose of the study

For geneticists, Finland with her 5 million inhabitants offers an interesting and rare
study object. It is an example of those populations that began as relatively small and
marginal isolates and developed into a nation comprising several millions of people
without much disturbance due to migration and admixture by other populations. As a
result a unique collection of recessive diseases sometimes called the Finnish Disease
Heritage has been found in Finland. This reflects how the random sample of recessive
genes present by change in the founders is now represented in the current population
(de la Chapelle 1993). The purpose of this study was to evaluate the implication of
close consanguinity for these genetic disorders.

Study material

At present over 30 different disorders are considered to be typical for the Finns,
27 of them following autosomal recessive inheritance (de la Chapelle 1993). Many of
them are very rare elsewhere. Published information about consanguineous marriages
(first-cousins, first-cousins once removed, second-cousins) could be found in 24 of these
disorders.

The diseases analyzed are (Table 1): Autoimmune polyendocrinopathy-candido-
sis-ectodermal dystrophy, APECED (Ahonen 1985); Aspartylglucosaminuria, AGU
(Autio 1972); Congenital cloride diarrhoea, CCD (Norio et al. 1971a); Cartilage-hair
hypoplasia, CHH (Mikitie 1992); Congenital nephrosis, CNF (Norio 1966); Cohen syn-
drome (Norio, Raitta and Lindahl 1984, Tahvanainen et al. 1994); Cornea plana con-
genita (Eriksson et al. 1973); Diastrophic dysplasia, DD (Héstbacka et al. 1992); Gyrate
atrophy of choroid and retina (Takki and Simell 1974); Infantile onset spinocerebellar
ataxia with sensory neuropathy, IOSCA (Koskinen et al. 1994); Lethal congenital con-
tracture syndrome, LCCS (Herva et al. 1985); Lysinuric protein intolerance, LPI (Norio
et al. 1971b); Muscle-eye-brain disease, MEB (Santavuori et al. 1989); MULIBREY
nanism (Lipsanen-Nyman 1986); Non-ketotic hyperglycinaemia, NKH (von Wendt,
Hirvasniemi and Simild 1979); PEHO syndrome (Somer 1993, Somer 1995, personal
communication); Progressive dementia with lipomembranous polycystic osteodysplasia,
PLO-SL (Hakola 1990); Progressive myoclonus epilepsy, PME (Norio and Koskinie-
mi 1979); Salla disease, (Haataja 1994); Selective B, vitamin malabsorption, SMB ,
(Furuhjelm and Nevanlinna 1973); Usher syndrome (Nuutila 1968), Gonadal dysgen-
esis, XX type, XXGD (Aittomiki 1994); Meckel syndrome (Salonen and Norio 1984)
and Hydrolethalus syndrome (Salonen, Herva and Norio 1981). For the Meckel and
Hydrolethalus syndromes, only data on first-cousin marriages were available.

To compare the findings with those obtained in autosomal recessive disorders which
occur worldwide and thus are not considered to belong to the Finnish Disease Herit-
age, similar data were collected for three additional diseases and analyzed in a similar
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Table 1. Consanguinity up to 2nd cousins in 24 autosomal recessive disorders be-
longing to the Finnish Disease Heritage. IC = First cousins, IC o.r. = First
cousins once removed, 2C = Second cousins, n.a. = Data not available.
For Meckel syndrome and Hydroletalus only 1st cousin marriage data are
available. For three additional »Finnish» disorders (INCL, Hereditary fruc-
tose intolerance and Congenital lactase deficiency) no consanguinity data

has been published.
Disease Families
APECED 42
AGU 25
CCD 14
CHH 85
CNF 57
Cohen 5
Cornea plana 32
DD 77
Gyrate atrophy 14
IOSCA (OHAHA) 13
LCCS 10
LPI 10
MEB 15
MULIBREY 43
NKH 13
PEHO 14
PLO-SL 17
PME 68
Salla 27
SMB,, 15
USHER 80
XXGD 66
Meckel 48
Hydroletalus 18
Total 808
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Table 2. Consanguinity up to 2nd cousins in three »non-Finnish» autosomal reces-

sive disorders.

Disease
CF

SMA
RPKD

Total

Families

20
85
55

160

IC

oS
3 (3.5%)
0 =

ICo.r.

n.a.

0

way. These disorders are (Table 2): Cystic fibrosis, CF (Kere et al. 1989): Autosomal
recessive polycystic kidney disease, ARPKD (Kiiridinen 1988) and Childhood onset
spinal muscular atrophy, SMA (Ignatius 1992).
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To test the relevance of using the frequencies of first-cousin marriages in genetic
studies dealing with the Finnish population, the Dahlberg formula (Emery 1986) was
used to calculate the gene frequencies for two of these disorders. According to Dahl-
berg, if the frequency of first-cousin marriages in the general population (a) and among
parents of affected children (C) are known then the gene frequency (q) can be esti-
mated since

a(1-C)
16C - Ca - 15a

The gene frequencies obtained by using this formula were then compared with the
previously reported gene frequencies for these disorders which have been calculated
based on epidemiological data and the Hardy-Weinberg principle.

Results

The results are shown in Tables 1 and 2. In the whole material of 808 families no
cases of parental consanguinity closer than first-cousins (uncle-niece, aunt-nephew)
were reported. The mean rate of first-cousin marriages in the present material was 1.6%.
If compared to the figures by Jorde and Pitkdnen (1991), this means a 10-fold increase
in relation to the general population. However, there were considerable differences be-
tween different individual disorders. The highest rate of first-cousin marriages was ob-
served in Lysinuric protein intolerance (20% of the marriages had been contracted be-
tween first-cousins). In four other disorders the rate of first-cousin marriages was >
5%. On the other hand, in more than half (14/24) of the analyzed diseases no first-
cousin marriages were found.

In addition, in four families the parents were found to be first-cousins once re-
moved and in 13 families the parents were second-cousins. The mean rate of consan-
guinity (up to second-cousins) for the whole group was 4.2%. Again, there were con-
siderable differences between individual diseases: in seven disorders (29%) consan-
guinities up to the second-cousin level were not found at all. Nearly 2/3 (19 out of
32) of the consanguineous marriages found occured in families representing five dis-
eases (congenital nephrosis, lysinuric protein intolerance, progressive dementia with
lipomembranous polycystic osteodysplasia, progressive myoclonus epilepsy and XX-
type of gonadal dysgenesis). The highest rates of consanguinity were among the LPI
and PLO-SL families (30% and 17%, respectively).

Among the 160 families with a non-Finnish recessive disease (cystic fibrosis,
polykystic kidney disease or spinal muscular atrophy) only three first-cousin marriag-
es were found and all these were in families with SMA. For SMA, the rate of first-
cousin marriages was 3.5%. The average rate of first-cousin marriages obtained for
the non-Finnish disorders was 1.9%. This figure is quite close to that (1.6%) obtained
in the study of the Finnish diseases. Consanguinities up to second-cousins were found
in 2.5% of the families in this group of diseases.

There were 10 different Finnish diseases with first-cousin marriages reported among
the parents. Two of these (AGU and DD) for which gene frequency estimations have
be made using the Hardy-Weinberg principle were chosen to be analyzed using the
Dahlberg formula.

Aspartylglucosaminuria (AGU) has a birth incidence of 1 in 18,500 live births
in Finland (Arvio 1993) which corresponds to the gene frequency (q) of 0.007.
When using the Dahlberg formula and estimating the frequency of first-cousin mar-
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riages in the general population (a) = 0.0017 a gene frequency of 0.00127 is obtained.
This is a figure clearly lower than calculated based on the epidemiological data.

Diastrophic dysplasia (DD) has an estimated gene frequency of 0.008 in Finland
(Histbacka et al. 1992). By the method described above the estimated gene frequency
is (q) = 0.009 which is a figure only slightly higher than using the Hardy-Weinberg
principle.

Discussion

In Finland, the rate of close consanguinity appears to be low. Obviously, there are
no studies on the frequency of consanguineous marriages in present-day Finland. Some
ethnic and often non-European minorities excluded, however, in other parts of Europe
their number has rather been diminishing during this century and this most likely holds
true even for Finland. Based on the data available, the rate of first-cousin marriages
in Finland corresponds relatively well to the figures reported from other European pop-
ulations (Bittles 1990).

Probably several historical religious as well as secular prejudices have contributed
to the avoidance of this custom in Finland as well as in other parts of Europe. The
Roman Catholic Church which had banned marriages up to and including third cousins
already in AD 597 (Bittles 1994) regulated the marriage customs in the Medieval times.
Even after the Protestant doctrine was introduced into Sweden and Finland, first-cousin
marriages remained totally prohibited by law until 1680. After this date, it was possi-
ble for the Lutherans to marry a first-cousin if a dispensation was obtained from the
Crown. Because of religious proscriptions, however, first-cousin marriages did not occur
among the Greek-Orthodox minority living in the Eastern Finland. After Finland had
become part of Russia 1809, the requirement for dispensations was preserved until 1872,
when it was abolished.

In addition to the religious and juridical regulations also cultural tradition appears
to have been against consanguineous marriages. Thus in parts of eastern Finland where
family surnames have been consistently used for centuries, isonymous marriages (be-
tween individuals with the same surname) were looked upon unfavorably thus prohib-
iting marriages between the offspring of brothers and possibly even beyond first-cousin
level (Lukkarinen 1933).

In the study by Jorde and Pitkinen (1991), somewhat unexpectedly, geographic
distance between spouses’ premarital residences, population density, parish endoga-
my or urban vs. rural residence were not found to be significant predictors of first-
cousin marriages in general. Instead, husband’s occupation and the »ethnic» composi-
tion of the parish as defined by the proportion of Swedish and Finnish speakers (the
two official languages in Finland) were the best predictors of consanguinity for the
whole of Finland. A notable exception was Lapland, the northernmost and very sparsely
inhabited part of Finland which showed the highest kinship coefficients of 0.000674
and 0.000470 for the two time periods studied, respectively. The lowest values were
found in the eastern provinces. The consanguinity rates were clearly higher among no-
bility, gentry and high-status land-owning farmers and they were also more likely to
occur among the Swedish speaking part of the population (Jorde and Pitkidnen 1991).
Although these conclusions may be valid for the Finnish population as a whole, strong
regional differences probably exist.

The rate of consanguineous marriages was above average in the group of fami-
lies with children suffering from autosomal recessive diseases, as expected Interest-
ingly, there seems to be no great differences between those diseases listed as a part
of the Finnish Disease Heritage and those considered to be common all over the
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world. For most of the individual disorders studied here, no data from outside Fin-
land are available for comparison; they are virtually non-existing elsewhere. Some
reports on the rate of consanguinity in the non-Finnish disorders have been published
and interestingly, the observed rate of first-cousin marriages among the Finnish
SMA parents (3.5%) is not very different from that reported from France where
4.5% of the parents of SMA children were found to be first-cousins (Tchen et
al.1977). As the frequency of first-cousin marriages in the French population
(< 0.2%) also corresponds well with the Finnish estimates, it can be concluded that —
at least in this autosomal recessive disease — consanguinity appears to play a very
similar role both in France and in Finland as the cause of genetic disease.

In the present study very different consanguinity rates were observed in different
disorders. Higher rates of consanguinity could be expected to occur associated with
those diseases wich are very rare. The observed differences may, however, reflect the
different geographical distributions of different disorders within the country and thus
local customs rather than true differences in gene frequencies. It should be pointed
out that some of the family materials used for analysis are relatively small when by
chance too high consanguinity rates may have to be obtained. An example is aspar-
tylglucosaminuria (AGU) which today is considered to be one of the most common
Finnish diseases and today the number of AGU patients diagnosed exceeds 200 (de la
Chapelle 1993). The study by Autio (1972) where a first-cousin marriage rate of 8%
among the 25 families reported was found may well give an overestimation of the con-
saguinity rate in this disorder. This bias could also cause the very low gene frequency
result obtained by using the Dahlberg formula. In diastrophic dysplasia with a larger
family material the calculations using the Dahlberg formula apparently gives more re-
liable results.

Remote consanguinities between the parents have often been found in studies of
Finnish diseases. Instead, there appears to be only few marriages with close consan-
guinities between the parents of children with autosomal rescessive diseases. Clearly,
close consanguinity is not a significant cause of morbidity in Finland. Also the more
remote consanguinities may reflect the lack of migration rather than be indicative to
the ancestral line through which the disease causing mutation was passed further. In
spite of the numerous remote consanguinities often found in genetic studies, as shown
by Norio (1966) and Nevanlinna (1972), the inbreeding coefficients obtained in Finn-
ish studies have not reached such high values as reported from e.g. the Amish and
should not cause significant additional »genetic burden».

Recently, also the demographers have paid more attention to the role of consan-
guinity on reproductive behavior and prereproductive mortality on population level
(Bittles 1994; Bittles and Neel 1994). Although with low rates of close consanguini-
ty, Finland may be an interesting object for this type of studies.
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