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Abstract The €3 dlele in the human gene coding for
apolipoprotein E (apoE) is the most common worldwide,
but €4 is probably the ancestral alele. Since apoE is in-
volved in many important biological processes, selection
forces could have favoured €3. We hypothesized that
apoE genotypes may affect reproductive efficiency, and
we therefore compared the distributions of 40-year-old
married men with known genotypes by the numbers of
their biological children. The distributions were statisti-
caly significantly different (P = 0.0026). On average,
men with the €33 genotype (n = 212) had 1.93 children,
men with the €3¢4 or €4e4 genotype (n = 105) had 1.50,
and men with the €32 or €2e2 genotypes (n = 53) had
1.66 children. Of the men in the three groups, 6%, 26%
and 19%, respectively, reported being childless. These
findings are unlikely to be due to gross error in the re-
ported prevalence of childlessness, differences in socioe-
conomic status or other likely sources of bias. They are
compatible with higher fertility in men with the €3¢3
genotype than in those with the other common apoE geno-

types.

Introduction

The gene coding for apolipoprotein E (apoE) on chromo-
some 19g13.2 is polymorphic, and three alleles, €2, €3
and €4, are common in most human populations (Davi-
gnon et al. 1988; Hallman et al. 1991; Gerdes et al. 1992;
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Corbo et a. 1995). Epsilon 3 is the most common, rang-
ing in frequency from 50-55% in Papua New Guineans
(Kamboh et al. 1990) and African Bushmen (Sandholzer
et al. 1995) to 85-90% in Mayans of Mexico (Kamboh et
al. 1991), Chinese (Hallman et al. 1991; Kao et al. 1995),
Japanese (Gerdes et al. 1992), Spaniards (Fiol et al. 1991),
and Turks (Mahley et al. 1995b). It is therefore usually
considered to be the ancestral (wild-type) allele.

A recent study of non-human primates suggests, how-
ever, that €4 is the ancestral alele, and that €3 may have
resulted from a [CGC- TCG]y;, mutation (causing an
Arg - Cys substitution in the gene product), and €2 from
an additional [CGC - T CG];55 mutation (Hanlon and Ru-
binsztein 1995). If thisis true, the high frequency of €3 is
due to random genetic drift, migration and/or natural se-
lection (Cavalli-Sforza et al. 1994). Selection may have
been played a role, since apoE is involved in many bio-
logical processes in which the structural and functional
characteristics of the genetic isoforms (Weisgraber 1994)
could affect survival to reproductive age. For example,
apoE isinvolved in lipid transport between and within tis-
sues, absorption of dietary fat, immunologica prepared-
ness and neurona function (Mahley 1988; Keltikangas-
Jérvinen et al. 1993; Mahley et al. 19954a). Since apoE may
also be involved in gonadal function, implantation of the
embryo in the uterus, and transplacental transport of fat
(Rindler et al. 1991; Schneider and Nimpf 1993; Olson et
a. 1995), we hypothesized that the apoE genotype could
also affect reproductive efficiency. As afirst step in exam-
ining this possibility, we compared the numbers of biolog-
ical children of 40-year-old married men with known
apoE genotypes.

Materials and methods

Five hundred and eighty-five men, randomly selected from the na-
tional register of all men born in 1948 and residing in the city of
Aarhus, were invited to participate in a study of the prevalence of
cardiovascular risk factors in the Spring of 1989 (The RisiKak
Project). The study was approved by the Ethics Committee of
Aarhus County. Four hundred and seventy-seven men (82%) even-
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tually participated, 466 of whom were of Danish or north Euro-
pean ancestry. ApoE genotypes were determined as previously de-
scribed (Hansen et al. 1994). Demographic variables and informa-
tion on vital status, year of birth and death, and diseasesin all first-
degree biological relatives were obtained from questionnaires. For
the purpose of the present study we considered only the 379 of the
466 men (81.3%) who were married or had a common-law wife.
Wives and living children were not examined, and inquiries were
not made as to the wives histories of abortions or miscarriages.
Stillborn children may not always have been reported, and some
men may not have reported illegitimate children. Conversely,
some men may have reported children that they had not fathered.
Men who reported being childless were not asked whether child-
lessness was voluntary.

The distributions of men with 0, 1, 2, or =3 children among
€3e3 genotypes, €34 or e4e4 genotypes (€4 carriers), and €32 or
€2¢e2 genotypes (€2 carriers), respectively, were compared using a
likelihood ratio x2 with 6 degrees of freedom.

Results and discussion

Figure 1 shows the distributions of men with 0, 1, 2, or = 3
children among €3¢3 genotypes, €4 carriers, and €2 carri-
ers, respectively. The differences are statistically signifi-
cant (P = 0.0026). Crude numbers are shown in Table 1.
Only trivia differences are encountered when the nine
€4e2 genotypes are included as either €4 or €2 carriers.
The most marked difference is between €33 genotypes
and €4 carriers, who had an average of 1.93 and 1.50 chil-
dren, respectively, whereas €2 carriers had 1.66. At the
age of 40, about 6% of the married men with genotype
€3e3, 26% of the €4 carriers and 19% of the €2 carriers
were childless. These figures correspond to risk odds ra-
tios (with 95% confidence intervals) for being childless of
5.3(2.6-10.8) in €4 carriers and 3.6 (1.5-8.7) in €2 carri-
ers, relative to £33 genotypes.

The low P value for our data under the null hypothesis
suggests that our findings are not due to chance. However,
they could be due to one or more sources of bias. First, the
numbers of biological children reported may be inaccu-
rate. However, errors should either be non-differential and
quite extreme (Dosemeci et a. 1990), or differential
among apoE genotypes, to have this effect. We are confi-
dent in particular that childlessness is not overreported in
our study. According to the Danish Fertility Database
(Statistics Denmark, Copenhagen), about 19% of 40-year-
old Danish men in 1989 were childless, a figure closely
similar to the 20% in all 466 participantsin our study, and
14% in the 379 married men. Also, important differential
errors as regards childlessness are unlikely, since the pro-
portions of childless men who reported having childrenin
their homes (i.e. adopted children, or biological children
of their wives) did not differ between apoE genotypes:
6/13 = 46% of £3e3 genotypes, 11/27 = 41% of €4 carri-
ers, and 4/10 = 40% of €2 carriers.

Secondly, confounding by differences in socioeco-
nomic status across apoE genotype groups, possibly gen-
erated by differences in, e.g., temperament or mental ac-
tivity (Keltikangas-Jarvinen et a. 1993) is unlikely, be-
cause we obtained essentially the same results in three
strata defined by total numbers of years spent in school by
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Fig. 1 Distributions of men with apolipoprotein E genotype €3€3
(n = 212), genotypes €34 or e4e4 (g4+; n = 105) and genotypes
€3e2 or €2e2 (e2+; n = 53) by the numbers of their biological chil-
dren

Table 1 Distributions of 40-year-old married or cohabiting Dan-
ish men by the numbers of biological children and apolipoprotein
E genotype

Geno- Numbers of children Total
type
0 1 2 3 4 5 9

€3e3 13 39 117 32 9 2 0 212
e3e4 24 13 41 13 2 0 0 93
eded 3 2 7 0 0 0 0 12
€3e2 10 10 20 5 3 0 0 48
£2e2 0 1 2 2 0 0 0 5
ede2 1 3 4 0 0 0 1 9
Tota 51 68 191 52 14 2 1 379

the men, or in three strata defined by the number of rooms
in their homes.

Thirdly, we speculated whether €4 and €2 carriers,
again due for instance to differences in temperaments,
were more likely to have postponed having (more) chil-
dren until their forties. In that case, a very extreme distri-
bution of apoE genotypes in men having children in their
forties would be expected, if 40-year-old €4 and €2 carri-
ers had not yet caught up with €33 genotypes in repro-
ductive powers. Men with children, moreover, did not dif-
fer in mean age at time of first child, second child etc.

Fourthly, a higher prevalence of premature cardiovas-
cular diseases among parents or siblings of €4 carriers
may have caused more of these men (or their wives) to de-
cide not to have children (Davignon et al. 1988; Gerdes
1994). Although a family history of disease before age 55
years was more frequently reported by €4 carriers (about
11%) than by £3¢3 genotypes (about 7%), there were no
differences in the average number of children (or in the



percentages of childless men) in either €4 carriers or in
€33 genotypes with or without a positive family history.

Finaly, we speculated whether the different numbers
of children could be due to a “rebound effect” in the atti-
tude towards having (more or many) children, generated
by the men’s experience in their childhood, i.e. that €4 and
€2 carriers were more often from larger sibships than €33
genotypes — a possibility that would actually undermine
our hypothesis. Thiswas not the case, however. Infact, €4
and €2 carriers had an average of 2.06 and 1.92 siblings,
whereas £33 genotypes had 2.35. These differences were
not statistically significant.

In conclusion, the present study indicates that 40-year-
old male €4 and €2 carriers have fewer children than men
with the €3e3 genotype, and in particular that they are
more often childless. Further research is warranted, how-
ever, since we cannot exclude a play of chance, or unam-
biguously ascribe the findings as due to differencesin fer-
tility. Subfertility due to, e.g., oligoasthenoteratozoosper-
miais relatively common and aggregates in families (Lil-
ford et al. 1994), and we are beginning a study of infertile
married couples as the next step to examine the possible
role of apoE polymorphism in this context.

The evolutionary aspects of our findings are intriguing.
If €4 isindeed the ancestral allele (Hanlon and Rubinsztein
1995), arelatively higher fertility in €3 homozygotes could
certainly contribute to an explanation of the high fre-
guency of thisallelein the human lineage. For example, if
we let the ratio of average numbers of children observed in
this study correspond to relative fitness coefficients in €4
homo- and heterozygotes of about 0.75, then a ssmple se-
lection model predicts that the frequency of €3 in a popu-
lation would raise from 1-2% to 100% in 100-300 gener-
ations (i.e. 2500-7500 years). We do not believe, how-
ever, that such figures can either weaken or strengthen the
credibility of our findings, considering the oversimplifica-
tions implied in the calculations (Vogel and Motulsky
1986). We find it unreasonable, in particular, to assume a
higher fertility in €33 genotypes to have had an invari-
able effect on net maternity functions in populations
everywhere, and at all times. It could be, for instance, that
the relative advantage of this genotype is mostly a charac-
teristic of older reproductive individuals, so that the im-
pact on the sojourn of allele frequencies in a population
depends on, for example, mean life expectancy and mat-
ing structure. ApoE genotypes may also have independent
and different effects on probability of survival to repro-
ductive age conditional on the environment. Hence, the
cumulative net maternity function (fitness) associated
with a particular apoE genotype can be highly variable
among populations, and our findings do not imply, for in-
stance, that €4 should have been extinct in modern hu-
mans.
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