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Background. Twin registers provide a valuable source for research into disease causation. The existing population-
based registers comprise mostly old twins. In order to be able to study diseases which occur in childhood and youth a
new Danish twin register has been established.
Methods. The register is based on the Danish Civil Registration, with information on number of twin births from the
Danish Vital Statistics Office as the source of validation. All twins resident in Denmark at 1 March 1991 were sent a one-
side questionnaire asking about diabetes, willingness to participate in other research projects and similarity in the twins.
Results. The register, comprising 20 888 twin pairs, covers 74.4% of all twin pairs born 1953-1967 (incl.) and 97.4% of
those bom 1968-1982 (incl.). The response rate to the questionnaire study was 92.3%. The responders represented
19 180 twin pairs distributed as 5304 monozygotic pairs, 6861 same-sex dizygotic pairs, 6244 opposite-sex dizygotic
pairs and 771 pairs of unknown zygosity. Of the respondent twins, 96% declared their willingness to participate in
additional studies. An analysis of trends in the twinning rates for the years 1968-1982 showed that the rate of
monozygotic twinning is increasing and the twinning rate of opposite-sex twin pairs is decreasing.
Conclusions. Earlier estimated trends in twinning rates have been confirmed. Due to the high response rate and
opportunities for linkage with other Danish registers, the present material provides a valuable resource for twin studies
in diseases and human traits.

Since the days of Sir Francis Galton1 research in twins
has been an accepted method of discriminating between
the relative contribution of genetic and environmental
factors to phenotypic variance.

The biological mechanisms behind multiple births are
largely unknown. There is evidence that during at least
the last 20 years there has been a decreasing rate of
dizygotic (DZ) and an increasing rate of monozygotic
(MZ) twin births.2 Most studies have estimated MZ and
DZ twinning rates indirectly only, by Weinberg's rule,
due to lack of reporting of zygosity in the vital statist-
ics. Weinberg's rule states that the total number of DZ
twin pairs is twice the number of opposite-sex (OS)
twin pairs; the rest of the total number of twin pairs
being MZ.3 The application of this rule has been ques-
tioned.4 Further elucidation of the possible changes in
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twinning rates and the validity of Weinberg's rule requires
access to a large and population-based sample of twins
with established zygosity diagnosis.

Research in twins has been subject to criticism due to
potential biases.5 Twins experience a different perinatal,
and in some cases postnatal (e.g. family size), environ-
ment from singletons. The implicit assumption that the
intra-pair difference in environment is approximately
similar in monozygotic and dizygotic pairs has also
been regarded with concern. Possibly, such biases may
be of greater importance when studying psychological
or behavioural traits as compared with disease.

A more serious bias concerns the ascertainment of
twins for a study. Case stories have only limited value,
showing a tendency towards an overrepresentation of
MZ and concordant twin pairs.6 Series of self-reported
twins have been a popular method of identifying twin
cohorts with specific diseases, but self-selection is a
very serious potential bias. The validity of results from
studies of twins performed in consecutive patient
data depends on to what extent the twin pairs may
be regarded as representative. Population-based twin

589

 at O
dense U

niversity H
ospital on July 7, 2015

http://ije.oxfordjournals.org/
D

ow
nloaded from

 

http://ije.oxfordjournals.org/


590 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

registries avoid these biases.7 Due to the complete regis-
tration of the populations in the Scandinavian coun-
tries, population-based twin registries have existed in
Norway, Sweden, Finland and Denmark for several
decades.8"11 With the exception of a young cohort of
twins in the Finnish Twin Register,12 these registries
mostly cover twins born earlier in this century accord-
ing to published reports. For example, the Danish Twin
Register6'8 has been established on the basis of informa-
tion from parish registers and the register comprises the
birth cohorts 1870-1930.

The unavailability of hospital records, the changing
criteria for the diagnosis and classification of many
diseases, and the many twins unaccessible because of
death make the above-mentioned registries less suitable
for studies of diseases which manifest early in life.
Today, research into disease causation will often require
detailed clinical data for assessment of diagnosis and
classification, as well as access to biological samples
(DNA, serum, tissue specimens).

In 1990, we decided to establish a population-based
register of young Danish twins in order to investigate
the genetic contribution of insulin-dependent diabetes
mellitus and provide a tool for future research into the
interaction between genes and environment in various
diseases and traits. We here report the establishment and
basic characteristics of this new Danish twin register,
together with an analysis of the secular trend in twin-
ning rates, based on established zygosity diagnosis.

MATERIALS AND METHODS
The Danish Civil Registration System
We decided to utilize the Danish Civil Registration
System (CRS), which was established in 1968, to ascer-
tain twins. In Denmark every newborn baby and every
new inhabitant is assigned a unique 10-digit identi-
fication number at birth or when reporting name and
address to the national registration office, which is
compulsory. The first six digits indicate the person's
date of birth (day-month-year), the following three digits
represent a serial number to distinguish between people
born on the same day, and the last digit is a checking
number for coding and furthermore indicates the sex,
i.e. women being assigned an even and men an odd
number, respectively.

From the start in 1968 the CRS registered all living
Danish inhabitants and connected family members by
means of the address. As a rule, this link was erased when
the child reached 18 years, got married or moved away
from home, and this turned out in many ways to be
impractical. After 1978 children were instead linked to
the mothers' identification number and this connection

will be maintained for the future. The CRS has suc-
ceeded in having all children born from 1968 and
forwards linked to the biological or adoptive mother.
They are now 'working their way backwards' through
the earlier birth cohorts trying to connect families by
means of the national registration offices and parish
registers and re-establish hidden links between families
(personal communication - CRS).

Use of the Civil Registration System in this Study
In 1991, when this study commenced, the CRS offered to
identify twins born after 1952, by means of the mother.
The system was programmed to identify all women
who in the period 1 January 1953 to 31 December 1982
had given birth to more than one child on the same day
(+/- one day in order to find twins born on either side
of midnight). The cutoff was chosen at 1982, because
we wanted the twins to be old enough to participate
in the decision as to whether they were to participate
in this and future studies. These children were then
identified and their name, address, birth data, civil regis-
tration number and vital status sent to us.

Additional Sources of Twins
It turned out that the CRS had not been able to iden-
tify nearly all twins from the period 1 January 1953 to
31 December 1968 and especially the birth cohorts
1953-1960 (incl.) were poorly covered. We decided to
ascertain as many twins as possible from two alternative
sources which were available from earlier studies at the
Genetic Epidemiology Research Unit. These two altern-
ative sources were not computerized and data had to
be sought manually.

One source comprised a register of twins who had
appeared before a Conscript Board, which all male
Danish citizens have to do before their 20th birthday.
Since 1948 all conscripts have been asked if they are
twins and, if so, to fill in a short questionnaire to be sent
to the Genetic Epidemiology Research Unit. This source
provided several male-male (MM) and OS pairs.

Another source comprised some old data lists of
same-sex (SS) twins born between 1943 and 1968 and
living in the Copenhagen area in 1969. These twins had
been identified as part of a study of febrile convul-
sions.13 We used this additional source for twin pairs
born between I January 1953 and 31 December 1960.
A few twin pairs were enrolled after self-referral, as a
consequence of publicity for the study.

Questionnaire Study
All twins who were alive and resident in Denmark
(including Greenland) on 1 March 1991 were sent a one-
side questionnaire in which they were asked about the
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TABLE 1 Questions of similarity used in questionnaire study in
the new Danish Twin Register

Are/were you and your twin as like as D Two peas in a pod
D Ordinary sibling
D Not at all
D Do not remember

Are/were you mistaken by family and friends Q Yes
D N o
• Do not remember

Are/were you mistaken by teachers and
schoolmates

• Yes
• No
• Do not remember

Do/did you have the same eye and hair
colour

D Yes
D No
• Do not remember

presence of diabetes, willingness to take part in other
questionnaire studies, and some questions on similarity
and mistaken identity. They were also asked about their
co-twin's name and address. One reminder was sent to
non-responders.

Zygosity Diagnosis
Zygosity was based on the questions on similarity
(Table 1), which is a well-established procedure in
questionnaire studies.14 Based on the answers to these
questions the zygosity was established as MZ or DZ. It
has earlier been shown that being as like as 'two peas
in a pod' will classify most MZ correctly.15 All twins
answering yes to this question, to at least one of the
questions of being mistaken and to having same eye
and hair colour were classified as MZ. Twins answer-
ing yes to being as alike as ordinary siblings, to both
questions of being mistaken and to having same eye
and hair colour were also classified as MZ. The rest
were classified as DZ and all inconsistent answers, or
disagreeing answers between co-twins implied class-
ification as being of unknown zygosity (UZ). The
validity of this method has earlier been shown to be
more than 90% for all ages.8 '""17 In twin pairs where
only one co-twin responded, the zygosity was based
on this one answer which is regarded as a reliable
method.15

Reference Source
The validity of the ascertainment of twins was assessed
from the Danish vital statistics where the annual num-
ber of births in Denmark is recorded. It is compulsory
for midwives to report all births, including stillbirths, to
Danmarks Statistik (the National Bureau of Statistics),

which publishes yearly reports of the complete numbers
of births in Denmark, including twin births.

Statistical Methods
Chi-square tests were used to analyse non-responders
versus responders, for sex, zygosity- and age-distribu-
tion. The possible linear trends in twinning rates were
analysed by means of a %2 test for linear trend in pro-
portions considering the twin births as the proportion
of all births. The twin register does not approach com-
pleteness until 1968, and the tests for trend are there-
fore done for the twin pairs born during the period
1968-1982 only.

Ethical Consideration
This study was evaluated and approved by the Central
Scientific-Ethical Committee of Denmark. Furthermore,
approval was obtained from the Danish Data Protection
Agency.

RESULTS
Ascertainment of the Twin Material
In all, 20 928 twin pairs, 169 triplets and four quadru-
plets were ascertained. The triplets and quadruplets will
not be considered further in this report. Furthermore, it
appeared from the subsequent questionnaire informa-
tion that 40 presumed twin pairs were in fact not twins
and had to be excluded. This was due to administrative
problems: people who live abroad temporarily, but
are registered in CRS as emigrated are assigned a
new identification number upon return to Denmark and
thus have two; children of refugees or immigrants with
missing birth certificates sometimes have been assigned
the same birth date; adopted children with identical
birth dates also seem to be twins. The final number of
twin pairs is listed according to ascertainment source
in Table 2. According to the Danish vital statistics,
24 188 pairs of twins were born during the period of
ascertainment in our study. With adjustment for twin
pairs born outside Denmark our material comprises
20 203 pairs, corresponding to a mean ascertainment
probability of 83.5% (Table 3). The estimated com-
pleteness of the study material increases from about
59% for birth cohorts in 1953-1957 to more than 95%
for the birth cohorts after 1967.

The sex distribution in the total register is 21 744
(52.1%) males, 20 022 (47.9%) females and 14 of un-
known sex (dead very shortly after birth). This distribu-
tion corresponds with 6720 OS pairs, 7506 male-male
(MM) pairs and 6657 female-female (FF) pairs. The
expected distribution, by applying Weinberg's rule,3

should comprise 7443 MZ and 13 440 DZ twin pairs.
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TABLE 2 Summary of the study material comprising the new Danish Twin Register

Year

1953-1957
1958-1962
1963-1967
1968-1972
1973-1977
1978-1982

1953-1982

Principal source

Civil Registration System

2236
3662
4146
3658
3376
2969

20 047

Conscript register

389
47

0
0
0
0

436

Supplementary sources

Copenhagen twin study

280
25

0
0
0
0

305

Volunteers

82
13
4
0
0
1

100

Total

2987
3747
4150
3658
3376
2970

20 888

TABLE 3 Validation of identification procedure used in the new
Danish Twin Register. Based on identified twin pairs born in
Denmark and thereby included in the Vital Statistics

Year

1953-1957
1958-1962
1963-1967
1968-1972
1973-1977
1978-1982

1953-1982

Identified

2933
3657
4021
3536
3232
2824

20 203

Vital
Statistics

4996
4649
4687
3666
3309
2881

24 188

Coverage
(identified/

vital statistics
in %)

58.7
78.7
85.8
96.5
97.7
98.0

83.5

Response to the Questionnaire Study
Of the total number of twin individuals (n = 41 776),
1574 were dead, 1394 had emigrated and 193 had
a protected address. Further, 109 were impossible
to trace. Among the remaining 38 506 individuals,
35 528 responded to the questionnaire (92.3% after
one reminder). The responders represented 19 180
twin pairs, of which 16 348 pairs comprised both
partners.

The distribution of the responding pairs according
to zygosity classification is shown in Table 4. The pro-
portion of SS pairs is larger than expected based on the
OS pairs. Application of Weinberg's rule,3 ignoring UZ
pairs, shows a statistically highly significant deviation
from the expected distribution (x2, Id.f. = 165.8,
P< 0.0001), with a relatively low proportion of MZ
pairs and a relatively high proportion of SS pairs.

There were only 8% non-responders in this study
(Table 5). In comparison with the responders this group

TABLE 4 Distribution of zygosity among responders to questionnaire in the new Danish Twin Register

Both twins potentially available

One twin dead

One twin emigrated

Total

Monozygotic pairs

5108(28.5)
[96.3]

82 (10.7)
[16]
114 (23.4)

[2.1]

5304 (27.6)
[100.0]

Dizygotic pairs

Same sex

6565 (36.6)
[95.7]

136(17.7)
[2.0]

160(32.9)
[2.3]

6861 (35.8)
[100.0]

Opposite sex

5760(32.1)
[92.2]

299(39.1)
[4.8]

185 (38.0)
[3.0]

6244 (32.6)
[100.0]

Unknown zygosity

493 (2.8)
[64.0]

250 (32.5)
[32.4]

28 (5.7)
[3.6]

771 (4.0)
[100.0]

Total no. of pairs

17 926(100.0)
[93.5]

768 (100.0)
[4.0]
487(100.0)

[2.5]

19 180(100.0)
[100.0]

() = % of row total.
[] = % of column total.
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TABLE 5 Characteristics of individual non-responders versus
responders

Non-responders % Responders

Sex
(male/female) 2012/966 (67.6/32.4) 17 905/17 623 (50.9/49.1)

Zygosity
Monozygotic
Dizygotic
same sex

Dizygotic
opposite sex

Unknown
zygosity

Total

Age distribution
9-13
14-18
19-23
24-28
29-33
34-38

Total

268

549

695

1466"

2978

340
492
530
674
519
423

2978

(8.9)

(18.4)

(23.3)

(49.4)

(100.0)

(11.4)
(16.5)
(17.9)
(22.6)
(17.4)
(14.2)

(100.0)

10 144

12 877

11 310

1197

35 528

5091
5673
6004
7121
6510
5129

35 528

(28.6)

(36.2)

(31.8)

(3.4)

(100.0)

(14.4)
(16.0)
(17.0)
(20.0)
(18.3)
(14.3)

(100.0)

a Included all non-responders where no information on zygosity is
available.

comprises more men than women (x2, ld.f. = 323.54,
P< 0.0001), fewer MZ and more DZ-OS pairs (x2,
2d.f. = 143.56, P< 0.0001). The age distribution is
slightly different (x2, 5d.f. = 28.77, P< 0.0001), but
this significance is possibly due to the very large num-
ber of people and not to a real biological difference. It
is known from other twin studies that women and MZ
pairs are better responders,6118 but due to the low pro-
portion of non-responders, this bias is possibly not a
serious one. The group of non-responders also comprise
more twins where one partner is dead or has emigrated,
possibly due to a feeling in the twins that their answer
was worthless without that of the twin partner.

Of the responders 3.9% were unwilling to participate
in other studies. This group was also characterized by
more men (x2, ld.f. = 95.27, P< 0.0001) and fewer
MZ (x2, ld.f. = 373.27, P < 0.0001) than among those
willing to participate in other studies.

Twinning Rates According to Zygosity
Figure 1 shows the trends in live-birth rates and twin-
ning rates as reported in official Danish vital statis-
tics for the period 1953-1982 (inch). Both the overall
twinning rate and the live-birth rate have declined
gradually. Figure 2 shows the estimated twinning rates

i i i i i i i i i i i i i i i i i i i i i i

• Twinning rates, + Birth rate

FIGURE 1 Birth and twinning rates in Denmark 1953-1982 (incl.)
based on vital statistics

according to zygosity. Because of the deficit in our
study material for birth cohorts before 1968 (Table 3),
we have restricted our analysis to twins born during the
period 1968-1982 (incl.). Whereas the MZ twinning
rate increased gradually and statistically significantly
(X2 for linear trend, ld.f. = 8.40, P< 0.005), the DZ
twinning rate (sex composition not considered) showed
no consistent trend. The DZ twinning rate has been
further studied by separation according to sex com-
position (Figure 3). This analysis showed a significant
decline in the DZ-OS twinning rate (x2 for linear trend,
ld.f. = 14.355, P < 0.001) and no consistent trend in
the DZ-SS twinning rate (X2for linear trend, ld.f. = 3.131,
P > 0.05).

DISCUSSION
This twin register has been compiled from adminis-
trative population registries, and not from registries
based on health status. Therefore, biases caused by sel-
ection according to health status and self-referral
have been avoided. Furthermore, the Danish population

 at O
dense U

niversity H
ospital on July 7, 2015

http://ije.oxfordjournals.org/
D

ow
nloaded from

 

http://ije.oxfordjournals.org/


594 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

4

1968 1973 1978
Year

x Monozygotic rate, • Dizygolic rate

FIGURE 2 Estimated twinning rates by zygosity in Denmark 1968-
1982 (incl.)

1978
Year

x Dizygotic same-sexed rate, • Dizygotic opposite-sexed rate

FIGURE 3 Estimated dizygotic twinning rates in Denmark 1968-
1982 (incl.)

registration system is generally believed to be complete
and of high validity. Nevertheless, the cohorts
1953-1967 (incl.) possibly represent to a certain degree
survivors of the first years of life.

The lesser degree of ascertainment of twins born in
the period 1953-1967, and especially 1953-1959, has
several explanations. Some of the deficit is no doubt
related to incomplete information in the CRS on family
structure, emigration and mortality for the population
born before 1968. It has been possible to overcome
these biases only partly by the use of the supplementary
ascertainment sources (Table 2).

Early deaths in twins represent probably a major
reason for the deficit in our study material for the
period 1953-1967. The CRS was established in 1968,
which means that twin pairs being separated before this
year were not included. Furthermore, the official vital
statistics depend on information from midwives who
report all births, regardless of outcome, anonymously.
The CRS data on origins of births come from all
parishes that are informed about the birth by the parents
and the maternity ward/midwife. The parish thereafter

reports the births to the local branch of the national
registration office, who then report on-line to CRS where
the child is given an identification number. Stillborn
children are not reported to the CRS or assigned a
unique identification number, but children alive at
birth, even if only for a short time, are. Furthermore,
in some periods these children have not been given
personal identification numbers for emotional rea-
sons. However, this practice has now been termin-
ated (personal communication by the parish clerk,
St Ansgar's parish, Odense). Twin pairs where one or
both are stillborn might therefore be registered in the
vital statistics as a twin pair, while the CRS have had no
possibility to register or connect them. The death of
twins is only reported on an individual basis in the
vital statistics, without possibilities of linking twin
partners.

If it is assumed that twins born during the period
1953-1967 experienced a mortality rate equal to that of
1968 we may have missed dead twins representing about
10% of the twins born in that period. This is probably
an underestimate because of the decline in perinatal
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mortality of twins during this period.19 24 The young
Finnish cohort12 and our twin register represent the only
updated population-based materials of young twins
published. These are also the only registries which
in principle are following the twins from birth. In the
young Finnish cohort, the distribution according to
zygosity has been estimated by Weinberg's rule, and to
our knowledge no study has reported any contact with
these twins. The completeness of the young part of
the Finnish twin register is 83.1% and 96.5% for the
birth cohorts 1958-1973 and 1974-1986, respectively.12

These figures are very similar to those estimated for our
study material (Table 3).

Our study has demonstrated that although the
twinning rate in general is decreasing, the MZ rate is
increasing and that behind fluctuations in the DZ
twinning rate may be found a decrease in the OS rate.
It should be kept in mind though, that the zygosity
determination by questionnaire, feasible as it is for
studies of this size, may affect the patterns of zygosity,
although the frequency of misclassification is usually
of the order 5%. It has been shown previously that the
questionnaire method is sufficiently accurate for the
ages 6 months to 6 years17 and for ages 3=33 years.8'1516

There is no reason to suspect that it should not be so in
the age group 9-23 years, which are the ages used for
our analysis of twinning rates. The most certain
zygosity-specific twinning rates are those of the OS-DZ
twins and if changes in the SS-DZ and MZ twinning
rates are due to misclassification, we have at least made
a conservative estimate of these changes. Improvement
in maternal care since the 1960s is possible affecting
the outcome of twin pregnancies and thereby the MZ
twinning rate, which is not dependent on the age or
previous number of pregnancies of the mother. Poss-
ibly, calendar time trends in maternal age might be the
explanatory factor in describing the fluctuating DZ
twinning rate, but reported studies have found in-
consistent conclusions as to the effect of maternal
age.24"31

Other studies have proposed that the widespread use
of oral contraceptives (OC) may explain the trends in
the twinning rates.32 The use of ovulation induction
and in vitro fertilization is known to induce both MZ
and DZ twinning pregnancies.32 It is unknown whether
these practices have had any noticeable effect on the
reported twinning rates. Through record linkage with
other Danish registries, such as the Register of Births,
the Register of Causes of Deaths and the Register of
Congenital Malformations, data on the parents' age and
work, on the circumstances of birth and causes of death
will be available for future research in the biological
aspects of the twinning phenomenon.

The observed distribution of MZ, SS-DZ and OS-DZ
pairs deviated from that expected by Weinberg's rule.
We have no immediate explanation for the discrepancy.
The time trends in the zygosity-specific twinning rates
indicate that estimation of distribution by zygosity accord-
ing to Weinberg's rule will yield different results for dif-
ferent time periods. Therefore, application of Weinberg's
rule should be interpreted with caution.

We conclude that we have established a material of
approximately 20 000 Danish twin pairs, representative
for the birth cohorts 1953-1967 and almost complete for
the birth cohorts 1968-1982. As many as 92% of the
twins responded, and of these more than 96% have de-
clared their willingness to contribute to further research.
Therefore, our twin register constitutes a unique resource
for future research in twins.
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