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The East Flanders Prospective Twin Survey (Belgium): a

population-based register

Ruth Loos, Catherine Derom, Robert Vlietinck and Robert Derom

Katholieke Universiteit Leuven, Centre for Human Genetics, Belgium

The East Flanders Prospective Twin Survey (EFPTS), started in 1964, isunique among the 17 major
European twin registers because it is population based, the twins (and higher order births) are
ascertained at birth, basic perinatal data are collected, chorion type is established and, when
appropriate, genetic markersincluding DNA fingerprints, aredetermined. The total number of sets
is 5089twin, 158triplet and 14 of higher order. Zygosity has been diagnosed on the basis of sex,
placental structure and genetic markers in more than 95% of pairs. The EFPTS is the only large
register that includes placental data and allows differentiation of three subtypes of monozygotic
twinsbased on thetimeof theinitial zygotic division: thedichorionic—diamnionic pairs (early), the
monochorionic-diamnionic pairs (intermediate), and the monochorionic-monoamnionic pairs
(late). Methodology and basic results in twins are considered in this article; detailed studies will
be reported later. The sex proportion in dizygotic (DZ) twinsis the same asin singletons, whereas
monozygotic (MZ) twins number more girls than boys. The difference in perinatal mortality
between DZ and MZ twins is limited to the monochorionic MZ subgroup. Birth weight is highest
in DZ twins and diminishes stepwise in MZ dichorionic and MZ monochorionic twins. Duration
of pregnancy follows the same trend but is limited to a few days. latrogenic pregnancies are

increasing to the point of representing almost 50% of the twin births in 1997.
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Introduction

The East Flanders Prospective Twin Survey (EFPTS),
started in 1964, is one of the 17 European twin
registers reviewed recently.’ It is characterised by
several features. For exampleit is population-based,
prospective with the possibility of long-term follow-
up, contains full perinatal data including placenta-
tion and is unique in the degree of accuracy of the
zygosity determination.

Thisinitial communication focuses on the EFPTS’
history, size and methodology. At birth, all types of
multiple births have been identified, so that like-sex
as well as opposite-sex twin pairs, and higher-order
multiple births have been included. As a total of
5089twin pairs, 158triplets, 12quadruplets, one set
of quintuplets and one set of octuplets are captured
in the database, only twin pairswill be considered in
this article.

The study of human twins is frequent in biology,
medicine and genetics. Nevertheless, twin research
is subject to criticism on the basis of potential biases.
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A particular problem of early twin studies is that
generally they were small® and often unrepresenta-
tive. Their inadequate statistical power has been
recognised for two decades.®* Moreover, over-repre-
sentation of monozygotic (MZ) and of concordant
pairs is common.? Self-reported series are a popular
means of identifying twin cohorts with specific
diseases, but self-selection may also cause a serious
bias. Numerous studies present doubts about the
accuracy of zygosity determination at a time where
the need for accurate zygosity diagnosis is greater
than ever® with the increasing use of dizygotic (DZ)
twins for quantitative trait loci (QTL) linkage.
Finally, the classical twin method, on which most
heritability estimates are based, assumes that the
prenatal environment of twins is similar. This
assumption is questioned by several investigators,®®
who found more concordance between dichorionic
pairs compared with monochorionic pairs. Aside
from concordance, it is also clear that the assump-
tion that the single MZ placenta is divided on a
50-50 basisis totally incorrect. Some are, to be sure,
but 60—40; 70-30 and 80-20 splits are also seen.
The study of morphological features of the pla-
centa may give us a better understanding of the role
of the placenta as an environmental factor in deter-
mining foetal growth.>'® Only large, population-
based twin registers with accurate zygosity diagnosis
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and good placentation data can provide reliable and
unbiased estimates.

Subjects and methods

Geographical characteristics

The East Flanders Prospective Twin Survey was
established on 15 July 1964 in the Province of East
Flanders in Belgium. The province covers 10% of
the surface of Belgium, and is inhabited by approx-
imately 13% (1336000 inhabitants) of the Belgian
population. The majority are of Caucasian origin and
do not change place of residence frequently. As such,
they are easily traceable, even after 34 years.

Data collection

In Belgium, over 99%'® of mothers deliver in a
maternity ward. In the case of multiple births this
percentage is even higher. In East Flanders there are
20 maternity units (17 000 births/year on average in
thewhole of the province). All obstetriciansworking
in these units agreed to participate in the survey.
Every multiple birth was reported to the EFPTS
within 24 hours after the delivery. Within 24 hours
after the notification of adelivery, atrained midwife
visited the hospital and registered datain a standar-
dised manner. All pairs of whom at least one of the
children, live or stillborn, weighed 500g or more
and, when birth weights were unknown, gestation
was at least 22 weeks, were entered into the register.
Birth date and time, birth weight, parental ages and
parity were obtained from the obstetric records.
Identification data of the parents were registered in
conformity with the law on protection of privacy.

Structured questionnaires (answered by the obste-
trician and pediatrician) were used to provide
information on the mode of conception, foetal
presentation, mode of delivery, birth order, possible
pathologies, ABO and Rh blood groups, health status
of the mother before, during and after the delivery,
and health and life status of the children for the
period they stayed in the maternity unit. Gestational
age, calculated as the number of completed weeks,
was reported by the obstetrician.

Examination of the placenta

The umbilical cord was cut and ligated according to
birth order in the maternity hospital. Placentas were
collected and stored in therefrigerator in plastic bags
until a trained midwife examined them in the
laboratory, within 24 hours of the delivery. Foetal
membranes were carefully dissected and placental
weight, length, width and thickness were measured.
Since 1992, however, the placentas of unlike-sexed
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twins without major pathology have no longer been
examined.

According to the zygosity and the number and
structure of the placental membranes, four groups of
twins were distinguished:

1) dizygotic twins (DZ);
2) monozygotic dichorionic twins (MZ DC);

3) monochorionic diamnionic twins (MC DA);
and

4) monochorionic monoamnionic twins

MA).

In DZ twins, who develop from the fertilisation of
two ova, each embryo develops within its own
membranes: all DZ pairs are therefore dichorionic
(DC). In contrast, all monozygotic (MZ) twins arise
from asingle fertilised ovum. At some stage between
the fertilisation and the formation of the embryonic
disc, the formative material divides into two parts,
each giving rise to a complete embryo. It is com-
monly believed that, if the division occurs at an early
stage (before the 4thday after conception'), each
embryo of the resulting MZ pair will have a separate
set of membranes. The two embryos are dichorionic
and, in this respect, resemble DZ twins. If, however,
the division of the ovum is delayed until the
blastocyst has formed (between day 4 and day 8 after
conception’), the two embryos will share a single
chorionic membrane but develop within two sepa-
rate amnionic sacs. Such pairs are monochorionic,
albeit diamnionic. Exceptionally, the division of the
formative material may be delayed until the embry-
onic disc separates from the cavities that will
subsequently form the amnionic and chorionic sacs
(after implantation into the endometrium).” When
this happens the embryos will both share a single
chorionic and amnionic sac. They are monochor-
ionic monoamnionic.

Three types of placentas can be present in DC
twins (DZ as well as MZ): two separate placentas,
two placentas connected with membranes, and one
fused placenta. In fused placentas, a clear dividing
line between the two parts remains after removing
the amnionic membranes. Where placentas were
connected with membranes, the distance between
the two placentas was measured. In separated DC
placentas, therespective length, width and thickness
were measured for each placenta. Only one placenta
was present in almost all MC twins. After removing
the membranes, any dividing line disappeared. The
length, width and thickness were therefore meas-
ured for the placenta as a whole. The length of the
placentawas defined asthelongest diameter, and the
width as the widest diameter orthogonal to the
length diameter. A fresh, unfixed placenta was
weighed after removing the membranes and blood

(MC
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clots. Since September 1969, a sample of all pla-
centas has been taken and frozen at —20°C for later
determination of genetic markers if necessary.

The site of the cord insertion was noted and the
distance between the two insertions was measured.
Six categories of insertion were distinguished: cen-
tral, eccentric, paramarginal, marginal, on the sur-
rounding, and on the dividing membrane. Blood was
taken from the umbilical cord if the blood groups of
the twins had not been determined in the referring
hospital. Cord length was measured, the number of
umbilical arteries counted and knots and windings
were recorded. Umbilical vessels of monochorionic
placentas were injected to study placental vascu-
lature and anastomoses. Because of financial strin-
gency, this was performed only rarely between July
1975 and December 1985. An obstetrician (RD)
examined placentas with suspected or obvious
pathology. A distinction was made between foetal
pathology such as infarctions, or torn lobes, and
maternal pathology, such as deposition of fibrin and
hydramnion. A full description of the examination
of the placentas is given by Derom et al."

Zygosity diagnosis

Zygosity was determined through sequential analy-
sis in live and still births based on sex, foetal
membranes, umbilical cord blood groups (ABO, Rh
CcDEe, MNSs, Duffy, Kell), placental alkaline phos-
phatase,®'®>"® and DNA fingerprints."™'° Unlike-
sexed twins and same-sexed twins with at least one
different genetic marker were classified as DZ;
monochorionic (MC) twins were classified as MZ.
For all same-sexed DC twins with the same genetic
markers a probability of monozygosity was calcu-
lated using a lod score method."® After DNA finger-
printing, a probability of monozygosity of 0.999 is
reached. Due to financial stringency, however, DNA
fingerprints could not be determined on all twin
pairs. Therefore, in this study, only same-sexed DC
twins with the same markers, reachingea probability
of 0.95 or more, was considered MZ."® The remain-
ing DC twins were classified as ‘unknown’.

Statistical analysis

In the current analysis, three groups were compared:
the dizygotic (DZ), the monozygotic dichorionic (MZ
DC) and the monozygotic monochorionic (MZ MC)
pairs. Only twin pairs with a probability of accurate
zygosity assessment of 0.95 or more were con-
sidered, including pairs with stillborn infants. The
normality of the distributions of the continuous data
was tested by the Shapiro-Wilk test. When datawere
normally distributed, groups were compared by
parametric analysis of variance; otherwise the Krus-
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kal-Wallis test was performed. The contingency y%°
test and, when appropriate, the Fischer exact test
were used for comparisons of categorical data. When
the x* appeared to be significant, odds ratios (OR)
and their two-sided 95% confidence intervals (Cl)
were calculated to determine the strength of the
association. For the sex-proportion in DZ twins, the
proportion of male infants was considered, whereas
in MZ twins, the proportion of male pairs was
considered. Foetal mortality was expressed as the
proportion of all children in the survey who were
stillborn; early neonatal mortality was the propor-
tion of all live born children who died within 7 days
of delivery; and perinatal mortality was the propor-
tion of all children who were stillborn or died within
7 days. Because of the high correlation of the birth
weights of both infantsin atwin pair, we considered
the mean birth weight ([birth weight twin 1 + birth
weight twin 2]/2) of each pair (not the individual
birth weight of each infant). Total placental weight
was defined as the weight of the placenta when both
foetuses shared one placenta and the sum of the
weight of both placentas if each foetus had its own
placenta. Two separate placentas or two placentas
connected by membranes were considered as two
placentas, whereas one placenta or a fused placenta
was counted as one placenta.

The analyses were conducted with the SAS6.12
computer package. All reported P values are two-
sided and were considered statistically significant
when P <0.05. The Bonferroni correction was
applied for multiple testing: since 13 tests were
performed for comparing DZ, MZ DC and MZ MC
pairs, only results with a P value below 0.004 must
be considered significant. The reported P values are
the uncorrected ones.

Results

As of 31 December 1997, the EFPTS contained
5089twin pairs. Forty-five pairs were excluded
because neither infant weighed more than 5009, or
because birth weight was unknown and gestational
age was less than 22 weeks.

Zygosity was unknown (P < 0.95) for 277 (5.5%)
DC same-sex pairs. They too were excluded from
further statistical analysis, leaving 4767 pairs with
known zygosity. Of these, 3047 (64% ) were DZ. The
remaining 36% were MZ, and of them 494 (10%)
were MZ DC and 1226 (26% ) MZ MC. Of the MZ MC
twins, 41 pairs were monoamnionic, of whom three
were Siamese pairs.

There were slightly more female than male (sex
proportion of 0.482) MZ pairs. The sex proportion in
DZ twins (0.512) was significantly higher than in MZ
twins (P =0.03, OR = 1.13, 95%Cl = [1.01-1.25]).
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Close to half (51%) of the DZ pairs were of opposite
sex. Of the remaining same-sexed pairs there were
slightly more male than female pairs (Table1).

In 42 deliveries both children were stillborn; in
126 deliveries one child was stillborn. In Figure1
foetal, early neonatal and perinatal mortality isgiven
according to the three groups: DZ, MZ DC and MZ
MC. The mortality in both DC groups was compara-
ble. MZ MC infants had a significantly (P < 0.001)
higher risk of perinatal death compared with DZ
twins.

Thefirst twins born after infertility treatment were
registered in 1976. Since then the rate of induced
twins increased markedly (Figure?2).

Of all twins, born after spontaneous conception,
MZ pairs were significantly more likely to be born to
primipara than DZ pairs (MZ DC OR=1.8 and
P =0.001; MZ MC OR = 1.2 and P = 0.004 respec-
tively) (Table2).

Table 3 describes the age of the parents, gestational
age, mean birth weight and placental weight. Parents
of DZ twinsweressignificantly older than MZ parents
(P < 0.001). Within the MZ subgroups, MZ DC and
MZ MC, no parental age differences were found.
Mean gestational age for DZ pairs (36.5weeks) was
on average 3days longer (P = 0.007) than for MZ MC
pairs (36.1weeks). No other differences in gesta-
tional age were found. The mean birth weight of DZ
pairs was on average 75g more than that of MZ DC
pairs (P < 0.001), who weighed 87 g more than the
MZ MC pairs (P < 0.001). Placental weight of DZ
pairs was significantly higher (21 g and 33 g, respec-
tively P < 0.001) than that of MZ DC and MZ MC
pairs. No significant difference was found in both
MZ subgroups (MZ DC and MZ MC), see Table3.

In both DC groups about half of the pairs had two
placentas. Thiswas only rarely seen in MZ MC pairs
(Table4).

Discussion

Population-based registers are fundamentally differ-
ent from volunteer samples. Kaprio et al®® have

reviewed these differencesin their description of the
Scandinavian registers that can be considered as
models for large-scale population-based surveys.
The greatest advantage of such registers is undoubt-
edly the absence of selection biases as illustrated by
the ‘two thirds rule’, ie the over representation of
females in volunteer samples.?’ We have added a
new dimension to the Scandinavian model by
collecting data on the pregnancy, the perinatal
events, the placental structure and, when appro-
priate, genetic markers. The only other large-scale
register with the same characteristicsisthe ‘Birming-
ham Twin Survey’ which unfortunately had to be
discontinued soon after its launch owing to lack of
funding.

The most recent 10years EFPTS represent more
than 98% of all twinsborn in that area and registered
by the National Institute of Statistics. The EFPTS
twin sample is also representative of the twin
population of East Flanders with respect to maternal
age, sex proportion, proportion of same sexed pairs,
neonatal mortality, and frequency distribution of
blood groups.'® The proportion of DZ and MZ pairs
in our data, as well as the partitioning of the MZ
pairs according to chorionicity confirm previous
findings in Caucasian populations.?*2*

MZ pairs show a lower sex proportion compared
with DZ twins whose sex proportion is the same as
that of singletons. The difference is of borderline
statistical significance. Analysing pooled data,
James?®® estimated the sex proportion of MZ twins at
0.499. As he admitted, however, the evidence was
inconclusive. In our data, it is even lower, at 0.482.
Considering the results of both our study and that of
James, it is safe to state that the majority of MZ twins
are probably female. The ratio of same-sex to
opposite sex pairs found in DZ twins is roughly in
accordance with the Weinberg®® rule as reported
earlier by our group.”” However, our datado not rule
out subtle secular changes in that proportion as
suggested by James®® and Orlebeke et al.*° To solve
the controversy, one should analyse population-
based data in which the probability of zygosity
should be at least 0.999. This discussion is not

Table 1 Number of twin pairs according to sex, zygosity and chorionicity

Dz MZDC MZMC MZ total Unknown

n % n % n % n % n %
Male pairs 779 26 238 48 591 48 829 48 145 52
Female pairs 708 23 256 52 635 52 891 52 132 48
Unlike-sexed 1560 51 — — — —
pairs
Total 3047 100 494 100 1226 100 1720 100 277 100

64 10 26

n = number of pairs
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purely academic, because the Weinberg rule is the
major tool available for the study of trends in MZ
and DZ twinning rates when zygosity is not known.
The Weinbergrule has been criticised frequently and
with good cause.

Since 1976 the increase in the number of births
followinginfertility treatment has been unremitting.
In 1993 Derom et al®* expressed concern about the
consequences of thisepidemic with respect to public
health. Despite this, the increase has been even more
pronounced since 1990 and, in 1996 and 1997,
almost half the yearly number of all twin pairs were
born after infertility treatment.

East Flanders Prospective Twin Survey
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Confirming a preliminary report,>’ MZ MC infants
are at a significant higher risk of dying perinatally
than DZ infants, especially before birth, whereas MZ
DC infants have the same risk as DZ infants. This
observation indicates that perinatal mortality is
more a matter of chorionicity than zygosity, which is
in agreement with the findings of Neilson et al.*?

There has been criticism on the classical twin
studies with regard to the circumstances of MZ twin
gestation. In an often quoted paper, Price® reviewed
the antenatal and natal difference-producing factors
in MZ pairs. The most important of theseis undoubt-
edly chorionicity. Other factors, however, must also

|EDZ BMZDC OMZMC |
10%
o L . 88% |
8% -
7% e
6%
4.9%
5% -
4% -
3% -
2{%.. S
Fetal Early necnatal Perinatal
Fetal Early neonatal Perinatal
OR 95%CI p OR 95%CI p OR 95%CI p
DZ 1 1 1
MZDC 08 04 1.7 0.54 1.4 095 2.0 0.09 1.2 0.9 1.7 0.26
MZMC 51 3.7 6.9 0.001 1.7 1.3 2.2 0.001 2.7 2.2 3.3 0.001
*MZDC and MZMC infants are compared to DZ infants (OR=1)
OR: odds ratio
95%CI: 95% confidence interval
p: probability

Figure1
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a Induced
-
|E2 Spontaneous

Proportion

76 77 78 79 80 81

82 83

84 85 86 87 88 89 90 91
year of birth

92 93 94 95 96 97

Figure2 Proportion of induced and spontaneous twin maternities by year of birth

Table 2 Primiparity of spontaneously conceived twin pairs

n % OR* 95%Cl P
Dz 844 40.0 1
MzDC 260 54.2 1.8 1.5 22 0.001
MzZMC 530 45.2 1.2 1.1 1.4  0.004

n = numbers of pairs; OR: odds ratio; *MZDC and MZMC pairs
are compared with DZ pairs (OR=1); Cl: confidence interval

be considered: gestational age, birth sequence, birth
weight and, in those twins born vaginally, the
presentation of both twins (cephalic, breech, trans-
verse). Price®® concludes: ‘It would seem to follow
that part of the time and effort which will doubtless
be expended on research with twins in the next
decade or two could well be spent on identifying
twin pregnancies two months or more before term,
and obtaining much more complete information
than we now possess as to the effects of prenatal and

Table 3 Age of the parents, gestational age, mean birth weight and placental weight (mean and SD)

Dz MzZDC MzZMC
mean SD mean SD mean SD significance (P)

Age of mother (years) 28.4 46 26.6 46 271 4.7 <0.001 DzZ>MZDC, MZMC
n 2998 482 1201

Age of father (years) 30.8 54 29.2 53 294 5.3 <0.001 Dz>MzZDC, MZMC
n 2418 408 940

Gestational age (weeks) 36.5 28 36.2 3.0 36.1 3.4 <0.01 Dz>MzZMC
n 2685 429 1080

Mean birth weight (gm) 2476 512 2401 562 2314 559 <0.001 DZ>MZDC>MZMC
n 3030 494 1211

Placental weight (gm) 471 161 720 167 708 164 <0.001 DzZ>MzZDCMZMC
n 2639 479 1196

n = number of pairs
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natal factorsin thetwo typesof MZ pairs. Theresults
of such astudy might show that the twin method, as
ordinarily applied, is too crude for purposes of
modern nature-nurture studies. At the same time,
pairs of monochorionic type might prove to be of
more interest and value for theoretical problems of
developmental genetics than is commonly sup-
posed’. Regrettably, despite Benirschke's® plea,
Price’s expectation has not materialised.

It is assumed, with reason, that the division of the
zygote occurs earlier in DC than in MC pairs.®**
Leroy,*® referring to observations of non-human
mammals, argues that early division of the zygote,
say at the 2-8 cell stage, is highly improbable
because the zona pellucida is, at that time, intact.
Other observations, also in non-human mammals,
demonstrate the possibility of duplication of the
blastocyst.®” The dispute has been settled by study-
ing X-inactivation in MZ female pairs. |If
X-inactivation is symmetrical in MC pairs and
asymmetrical in DC pairs, then the commitment to
X-inactivation must occur before the blastocyst
stage. Thisisindeed the case as shown by Monteiro
et al® who estimate that the commitment occurs
around the 16-cell stage. It is thus confirmed that the
timing of twinning must be considered as an addi-
tional important variable in twin studies.®

A sizeable group of some 500 dichorionic MZ
twins (study in progress) will enable us to perform
classical twin studies with no bias, based on the
crucial assumption that MZ and DZ twins have a
similar intrauterine environment. Admittedly, there
is a small but significant mean birth weight differ-
ence of 75¢g in favour of the DZ pairs, a difference
which is much smaller than reported in previous
studies in which MC pairs were compared with DC
pairs, a heterogeneous group of MZ and DZ twins.® It
remains to be seen if this difference entails any
biological consequences.

Both parents of twins and referring obstetricians
and pediatricians have appreciated our reports on
placentation and zygosity. The success of the survey,
which now covers almost 100% of the multiples
born in the province, is for a great part due to the
service rendered to the community of the multiples
and their health care providers. Also, multiples and

Table 4 Number and percentage of twin pairs with one and two

placentas
Dz MzDC MzZMC
1 2 1 2 1 2
n 1483 1549 264 228 1217 9
% 49 51 54 46 99 1

n: number of pairs; 1 = one or one fused placenta; 2 = two
separate placentas or two placentas connected with membranes
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their families have rightly become more vocal about
zygosity determination. The Council of Multiple
Birth Organization of the International Society for
Twin Studies* has developed a “Declaration of
Rights and Statement of Needs of Higher Order
Multiples” in which it is stated that “Parents have a
right to expect accurate recording of placentation
and the diagnosis of the zygosity of same sex
multiples at birth.”

EFPTS, though of small size, isunique and should
be of great help to highlight some of the basic merits
of classical twin studies. As stated by Martin et al,®
‘there are few twin resources with good placentation
data and adult phenotypes for comparison, so such
effects remain to the field of speculation. However,
investment in such aresource is likely to yield rich
rewards in our understanding of developmental
etiology’.

We believe, as do others,® that we are on the
threshold of an exciting new era of twin research
directed at arefined methodology of the classic twin
study, a better knowledge of what makes MZ twins
different, and a better genetic analysis of complex
traits. Accurate determination of placentation and
zygosity is a prerequisite to attaining these goals.

This paper gives only an overview of the very
basic results of the survey. More detailed analyses of
the East Flemish twins will deal with birth weight,
perinatal mortality, congenital anomalies, iatrogenic
pregnancies and the Weinberg rule.
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