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Previous research has provided evidence for  a genetic effect in monozygotic tw inning, indicated by
an increased r isk  for  monozygotic women to have monozygotic offspr ing. However, since the
biological  mechanism for  this trai t is unknown, i t is not clear  i f there exists a paternal  inher i tance.
In this study we investigated twin pregnancies in offspr ing born in 1941–1996 to male twins in the
Swedish Twin Registry and population controls born in 1926–1980. In total  4 225 331 offspr ing, of
which 89 286 were twins, were studied. There was nei ther  an increase in the probabi l i ty for
monozygotic men to have l ike-sexed twin offspr ing r isk  ratio (RR = 0.95; 95% CI = 0.77–1.13) nor
an increase in the estimated number  of monozygotic tw in bi r ths. Thus, there is no evidence for  a
paternal  effect on monozygotic tw inning, suggesting that the gene(s) increasing the l iabi l i ty for
division of the embryo are expressed in the mother  and not in the fer ti l i sed egg.
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Introduction

The etiology of monozygotic tw inning is to a large
extent unknown and has usual ly been assumed to be
completely random. However, i t has been shown
that artificial ly induced ovulation increases the
monozygosi ty rate.

1
Further, we have earl ier shown

that monozygotic mothers have an increased proba-
bi l i ty of giving bi rth to monozygotic offspring in a
population-based registry study,

2
indicating that, in

addi tion, genetic effects are of importance for this
trai t. Support for genetic effects in monozygotic
twinning also comes from interview studies where
mothers of monozygotic tw ins report an excess of
monozygotic tw ins among thei r relatives.

3,4
There

are also reports of increased monozygotic tw inning
rates in selected pedigrees.

5–8
Recent studies sug-

gesting that frequency of tw inning is maintained by
natural  selection again indicate the importance of
genetic effects.

9

The biological  mechanism for monozygotic tw in-
ning is not known, but there are several  suggestions,
including abnormal i ties in zona pel lucida or in
developmental  clocks and development of a dis-
cordant cel l  l ine, possibly due to skewed
X-chromosome inactivation.

10–12
There are therefore

two possibi l i ties for how genetic effects for mono-
zygotic tw inning could be mediated:

1) via the mother (i f the biological  mechanism is
expressed only in the mother), and

2) via the ferti l i sed egg (i f the embryo’s DNA is of
importance).

In the latter case, paternal  inheri tance should be
evident.

In order to test for possible paternal  inheri tance in
monozygotic tw inning we have investigated the
offspring of male monozygotic tw ins from a large
population-based twin registry.

Mater ial  and methods

This study is based on a l inkage of two nationwide
Swedish registries: the Swedish Twin Registry,

13

which encompasses data on al l  tw ins born in
Sweden during the years 1886 to 1991, and the
population-based bi rth registry maintained by Statis-
tics, Sweden. Record l inkage identified the male
twins and population controls, born 1926 to 1980, to
whom chi ldren were born in Sweden between 1941
and 1996. In total  the l inkage yielded 4 225 331
offspring, of whom 89 286 individuals were twins.

The Twin Registry contains information on the sex
of al l  the twins and, for persons born before 1959,
zygosi ty determined on the basis of chi ldhood
resemblance.

14
Zygosi ty diagnoses were verified for

99% of the monozygotic and 92% of the dizygotic
twins in a subsample using serological  data.

15

Information from the bi rth registry includes the
year of bi rth, maternal  age and pari ty, and the
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number of infants in the bi rth. There is no indication
of the zygosi ty of the offspring in the registry.
However, the sexes of the chi ldren in the twin pai r
are known, so an increase in monozygotic offspring
wi l l  produce an increase in l ike-sexed twin off-
spring. The observed numbers of mul tiple bi rths
were compared wi th the expected numbers, calcu-
lated from the rate of mul tiple bi rths in the total  bi rth
registry, stratified by maternal  age and pari ty.

The estimated rate of monozygosi ty was based on
the Weinberg assumption

16
that the number of l ike-

sexed and unl ike-sexed dizygotic tw ins are the same.
Thus, the number of monozygotic tw ins is estimated
to be the di fference between the total  number of
twins minus twice the number of unl ike-sexed
twins. A l though the correctness of Weinberg’s rule
may be questioned,

17
the potential  bias for this study

is negl igible because there is no reason to assume
di fferent biases between fathers who are twins and
fathers who are singletons.

Resul ts

Table1 shows the bi rths according to paternal  tw in
type for the cohort born between 1926 and 1958. As
can be seen from the table, there is nei ther an
increase in the probabi l i ty of l ike-sexed offspring of
monozygotic men (RR = 0.95; 95% CI 0.77–1.13) nor
an increase in the estimated number of monozygotic
twin bi rths. The risk ratio (RR) of ‘estimated’ to
‘expected’ numbers of monozygotic bi rths is 0.71.
Even in the group of fathers wi th unknown zygosi ty
(including about 50% monozygotic tw ins), there is
no increase in monozygotic offspring. Thus, there is

no evidence for a paternal  effect on monozygotic
twinning in this cohort.

There is currently no information in the Swedish
Twin Registry on the zygosi ty of men born between
1959 and 1980. The only information avai lable is the
sex of the co-twin. Therefore, only unl ike-sexed
dizygotic tw ins can be identified. However, mono-
zygotic tw ins consti tute about hal f of the twins in the
group ‘unknown zygosi ty’; thus i f there is an
increase in monozygotic offspring to monozygotic
male twins there should be an excess of l ike-sexed
offspring in this group. As can be seen in Table2
there is no evidence of a paternal  effect on mono-
zygotic tw inning in this cohort ei ther (RR = 1.01;
95% CI 0.81–1.21).

In Table1, dizygotic paternal  tw in type was not
associated wi th an increased risk of l ike-sexed twins
(RR = 1.06), but in Table2 such a risk increase
reaching formal  statistical  significance (RR = 1.36) is
seen. A possible explanation for this increase could
be that dizygotic fathers have an increased risk of
having dizygotic offspring. However, risk of dizy-
gotic tw inning is easiest detected by an increase in
risk of unl ike-sexed twin offspring, and since the
dizygotic fathers in the cohort born in 1959–1980
display a decreased risk of having unl ike-sexed
offspring (RR = 0.55, see Table2) the most probable
explanation is that this significant risk increase is a
resul t of mul tiple testing.

Discussion

This study of over 4 mi l l ion offspring to men born in
1926–1980 gave no evidence of a paternal  effect on
monozygotic tw inning; that is, fathers who were

Table 1 Observed and expected numbers of bi rths 1941–1996 to Swedish fathers born 1926–1958 who are twins, by twin type

Offspring Paternal  tw in type

Monozygotic Dizygotic
Unknown
zygosi ty

Singletons 8038 31055 10037

Twins: l ike-sexed
observed 104 450 120
expected 109.6 423.7 133.3
risk ratio 0.95 1.06 0.90
(95% CI) (0.78–1.15) (0.97–1.16) (0.75–1.08)

Twins: unl ike-sexed
observed 70 268 60
expected 61.9 242.0 75.9
risk ratio 1.13 1.11 0.79
(95% CI) (0.89–1.43) (0.98–1.25) (0.61–1.02)

Monozygotic: estimated 34 182 60
Monozygotic: expected 47.7 181.7 57.4
Risk ratio estimated/expected 0.71 1.00 1.05

No paternal effect on monozygotic twinning
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monozygotic tw ins had no increased probabi l i ty of
having l ike-sexed twin offspring.

The indications of a genetic transmission of
monozygotic tw inning in women in previous stud-
ies,

2–4
together wi th the lack of evidence of paternal

effect in monozygotic tw inning suggest that the
gene(s) increasing the l iabi l i ty for division of the
embryo are expressed in the mother and not in the
feri ti l i sed egg. The data are congruent wi th the
hypothesis that one cause of monozygotic tw inning
is due to an inheri ted abnormal i ty of the zona
pel lucida in the mothers.

11
On the other hand,

hypotheses suggesting an effect of skewed
X-chromosome inactivation or abnormal i ties in cel l -
to-cel l  connections al lowing cel ls to separate before
implantation and placentation

18
would involve the

DNA of the foetus, for which there is no evidence in
the data. Other possible explanations of the resul ts
could be genomic imprinting.

10

It should be noted that there was no significant
effect for dizygotic fathers having unl ike-sexed twin
offspring, a resul t which would have been expected
i f there were a paternal  effect on dizygotic tw inning.
Earl ier research has shown systematic evidence of a
genetic effect expressed in women,

2,3,19,20
most prob-

ably due to a genetic predisposi tion for mul tiple
ovulation.

21,22
However, there have been sporadic

reports of a paternal  effect, primari ly from interview
studies of fathers of dizygotic tw ins reporting an
excess of dizygotic tw ins among thei r relatives.

3

Because our study uses a population-based registry
study we suspect that earl ier reports of a paternal
effect on dizygotic tw inning are due to recal l  bias.

We conclude that there is no evidence for a
paternal  effect on twinning, nei ther monozygotic nor
dizygotic, and that the search for biological  causes
for these phenotypes should concentrate primari ly
on the mothers.
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14 Medlund P, Cederl öf R, Floderus-Myrhed B, Friberg L, Sör-
ensen S. A New Swedish Twin Registry. Acta Med Scand
1977; Supplement No 600.
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16 Weinberg W. Bei träge zur Physiologie und Pathologie der
Mehrl ingsgeburten bei  Menschen. Pflügers Arch 1901; 88:
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