An Association Between the Kinship and Fertility of
Human Couples

Agnar Helgason, et al.

Science 319, 813 (2008);

AVAAAS DOI: 10.1126/science.1150232

The following resources related to this article are available online at
www.sciencemag.org (this information is current as of February 8, 2008 ):

Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/cgi/content/full/319/5864/813

Supporting Online Material can be found at:
http://www.sciencemag.org/cgi/content/full/319/5864/813/DC1

This article cites 11 articles, 1 of which can be accessed for free:
http://www.sciencemag.org/cgi/content/full/319/5864/813#otherarticles

This article appears in the following subject collections:
Genetics
http://www.sciencemag.org/cgi/collection/genetics

Information about obtaining reprints of this article or about obtaining permission to reproduce
this article in whole or in part can be found at:
http://www.sciencemag.org/about/permissions.dtl

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2008 by the American Association for the Advancement of Science; all rights reserved. The title Science is a

registered trademark of AAAS.

Downloaded from www.sciencemag.org on February 8, 2008


http://www.sciencemag.org/cgi/content/full/319/5864/813
http://www.sciencemag.org/cgi/content/full/319/5864/813/DC1
http://www.sciencemag.org/cgi/content/full/319/5864/813#otherarticles
http://www.sciencemag.org/cgi/collection/genetics
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org
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C to E, and movie S1) (27).
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an increased rate of miscarriage, infant mortality,
and morbidity (/-3). Conversely, consanguin-
eous unions may confer greater completed
fertility through earlier age at marriage, as well
as the socioeconomic advantages associated with
preserving land and wealth within extended
families. (4, 5). In other species, lower fitness
has been observed in offspring of distantly re-
lated individuals, which appears to be a result of
the breakdown of coadapted gene complexes (6).

Previous studies examining the relationship
between kinship and fertility in humans have fo-
cused on relatively close relationships between
couples, rarely evaluating relationships more dis-
tant than second cousins (who share two great-
grandparents) (4). Such studies have tended to be
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Previous studies have reported that related human couples tend to produce more children than
unrelated couples but have been unable to determine whether this difference is biological or
stems from socioeconomic variables. Our results, drawn from all known couples of the

Icelandic population born between 1800 and 1965, show a significant positive association
between kinship and fertility, with the greatest reproductive success observed for couples related at
the level of third and fourth cousins. Owing to the relative socioeconomic homogeneity of
Icelanders, and the observation of highly significant differences in the fertility of couples
separated by very fine intervals of kinship, we conclude that this association is likely to have a
biological basis.
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Consanguineous unions among humans increase
the probability of a zygote receiving the same
deleterious recessive alleles from both parents,
with a possible adverse effect on fertility through

about the impact of kinship or consan-
guinity between spouses on the total num-
ber of offspring they produce (completed fertility).

There has been long-standing uncertainty
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Table 1. A summary of kinship and fertility in 25-year intervals from 1800 to 1965. Shown are descriptive statistics for kinship coefficients and three
variables that reflect the completed fertility (the total number of offspring) and reproductive success (the total number of children who reproduce and
the total number of grandchildren) of the couples.

All couples Couples with qp > 0

814

Birth year N Mean gq Mean number of Mean number of Mean number of N Mean kinship @ x
of female (SE)* offspring per offspring that reproduce grandchildren per 1000 (2575
couple (SE) per couple (SE) couple (SE) percentiles)
1800-1824 8,673 0.426 (0.0021) 3.610 (0.0359) 1.765 (0.0195) 7.901 (0.1051) 8,362 4.93 (0.004-1.012)
1825-1849 14,338 0.514 (0.0013) 3.468 (0.0254) 1.639 (0.0146) 7.384 (0.0768) 14,109 5.45 (0.029-1.195)
1850-1874 15,863 0.606 (0.0011) 3.221 (0.0234) 1.749 (0.0157) 7.193 (0.0733) 15,575 4.76 (0.054-1.257)
1875-1899 16,691 0.672 (0.0012) 3.392 (0.0231) 2.430 (0.0180) 9.053 (0.0758) 16,268 3.70 (0.043-1.050)
1900-1924 24,732 0.721 (0.0011) 2.791 (0.0143) 2.360 (0.0127) 7.467 (0.0450) 23,799 2.01 (0.024-0.562)
1925-1949 39,635 0.759 (0.0010) 2.547 (0.0087) 1.996 (0.0083) 4.983 (0.0237) 37,762 0.82 (0.022—-0.336)
1950-1965 40,879 0.782 (0.0012) 2.004 (0.0058) 0.501 (0.0038) 0.864 (0.0075) 38,336 0.50 (0.033—0.306)
Total 160,811 0.695 (0.0005) 2.740 (0.0058) 1.648 (0.0046) 5.330 (0.0182) 154,211 2.22 (0.029-0.526)

*go is a weighted measure of the genealogical information available to calculate the kinship of couples, with values between 0 (when at least one spouse has no known ancestor) and 1 (when all
ancestors are known for both spouses). See (10) for more details.

performed in populations with relatively high
rates of consanguineous marriages, such as those
of India, Pakistan, and the Middle East (4, 7-9);
however, these populations also tend to be char-
acterized by large socioeconomic disparities.

To explore the relationship between fertil-
ity and kinship in humans, we examined 160,811
Icelandic couples from the deCODE Genetics
genealogical database born between 1800 and
1965 (10). The advantage of using the Icelandic
data set lies in this population being small and
one of the most socioeconomically and culturally
homogeneous societies in the world (17), with
little variation in family size, use of contracep-
tives, and marriage practices (/2), in contrast with
most previously studied populations (4, 7-9). By
estimating kinship based on a depth of up to 10
generations from each couple, we were able to
assess differences in fertility across a fine scale of
kinship values. Our data indicated that there has
been a decrease by a factor of 10 in mean kinship
between Icelandic couples during the past two
centuries, from 0.005 for couples with females
born 1800 to 1824 to 0.0005 for those born 1950
to 1965 (Table 1). This is equivalent to a change
from couples being related on average between
the level of third and fourth cousins to couples
being related on average at the level of fifth
cousins. The primary cause is probably a demo-
graphic transition from a poor agricultural society
to an affluent industrial society, involving exten-
sive migration from rural regions to urban centers,
accompanied by a rapid expansion in population
size (13). The outcome of this transition is an
expansion of the pool of potential mates for con-
temporary Icelanders, particularly those who are
distantly related. Typically, this kind of demographic
transition results in a drop in the average number
of children per couple with time (Table 1). How-
ever, this relationship is not monotonic for the
Icelandic data (fig. S1). To compare the kinship
and fertility of couples born between 1800 and
1965, we standardized the variables documenting
kinship, the number of children per couple, and
other measures of reproductive success (10).

A monotonic positive relationship was ob-
served between the degree of kinship among
spouses and the number of children they pro-
duced (Fig. 1A). Furthermore, the reproductive
success of the couples, as reflected by the number
of their children who reproduced (Fig. 1B), fol-
lowed an n-shaped curve from the relatively low
reproductive success of couples related at the level
of second cousins or closer, to the maximum for
couples related at the level of third and fourth
cousins, after which there is a steady decrease in
reproductive success with diminishing kinship be-
tween spouses. A similar picture emerges when
the number of grandchildren per couple is ex-
amined (Fig. 1C).

These results are based on couples born dur-
ing a period of almost 200 years, in the course of
which there was a marked decline both in the
mean fertility and in kinship between couples
(Table 1). Nonetheless, the same general relation-
ship between kinship and reproductive outcome
was observed within each 25-year subinterval
(fig. S2). We evaluated the correlation between
the standardized variables of kinship and repro-
ductive outcome for all couples and for each time
interval separately (Table 2), adjusting for the
impact of geographical differences in the kinship
and fertility of couples within Iceland (/0). Each
test revealed a significant association with kinship,
with correlation coefficients of 0.063 (P = 1.5 x
107"?°) for the number of children, 0.045 (P =
3.6 x 107%%) for the number of children who
reproduced, and 0.042 (P = 7.6 x 10°®) for the
number of grandchildren. To assess the potential
impact of ¢¢ (the amount of information avail-
able to calculate the kinship coefficient, @ _for
each couple) on the key variables of kinship and
reproductive outcome, we also performed the
correlation analyses for the subset of 112,683
couples for whom all ancestors are known four
generations back in time (Table 2). Almost iden-
tical results were obtained for couples born after
1850. For couples born before 1850, the associa-
tion with fertility was statistically significant, but
not with the two indicators of reproductive suc-

cess (i.e., children and grandchildren), primarily
because so many couples with incompletely known
ancestral genealogies had to be omitted from the
analysis.

Although the general pattern is one of both
greater fertility and reproductive success with
increasing kinship between spouses, there was a
notable deficit in the reproductive success of
couples related at the level of second cousins or
closer (Fig. 1, B and C). Figure 1D shows that
this deficit was partly accounted for by a shorter
average life span of children produced by such
couples (see also fig. S3). However, because
there was still a strong monotonic relationship
between kinship and fertility of couples when we
restricted analysis to the number of children who
survived to the age of 30 years, the lower re-
productive success of the most related couples
may also stem from greater morbidity or mortal-
ity of their offspring during adulthood (fig. S4).
We do not find evidence for a sex difference in
such reproductive costs among offspring (fig. S5).

Although Icelanders have experienced a socio-
economic transformation from 1800 to the present
(14, 15), accompanied by a reduction in family
size and decreasing kinship between couples
(Table 1), essentially the same relationship be-
tween kinship and fertility was observed at the
beginning and end of this 200-year period (fig. S2).
By estimating kinship between spouses at a gene-
alogical depth of up to 10 generations, it was
possible to examine the association with fertility
and reproductive success at a very fine scale. Thus,
for example, there is a statistically significant dif-
ference in the number of children produced by
couples related at the level of sixth versus seventh
cousins (P = 1.4 x 1077). Relationships at this
genealogical distance are rarely known to the cou-
ples or their families and acquaintances in their
social environment and are unlikely to influence
factors such as age at the commencement of
reproduction or the practice of consanguineous
unions to preserve family property (4, 16).

Although some interaction of fertility and
kinship with socioeconomic factors cannot be
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