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The rise in the rate of multiple births since the 1980s is due to the
effect of advanced maternal age and increased use of assisted
reproductive technology (ART). To determine the trends of
prevalence in twin births, we studied the data of a population-
based birth defects monitoring system during 26 years in
Kanagawa Prefecture, Japan. A total of 15,380 twins from
7,690 deliveries were ascertained from 990,978 births in the
Kanagawa Birth Defects Monitoring Program (KAMP) during
1981--2008. From the start of KAMP in 1981, the incidence of
twin births had been consistently increasing from 57.0 to 98.6 per
10,000 deliveries until 2003, but after this time, the incidence
declined to 78.5 in 2007. While the rate of monozygotic twins
has been stable (~40 per 10,000 deliveries) after 1990, that of
dizygotic twins increased from 25.3 to 57.3 per 10,000 deliveries
until 2002, and recovered to 40.1 in 2007, These results showed
the most recent tendency of twin births and indicated that the
single embryo transfer method can provide protection and
reduction of perinatal risk caused by multiple birihs.

© 2011 Wiley Periodicals, Inc.

Key waords: assisted reproductive technology (ART); twin;
Kanagawa Birth Defects Monitoring Program (KAMP); zygosity

INTRODUCTION

Muitiple births including twin births have several implications
for maternal and child health care. Twin pregnancy is associated
with an increased incidence of anomalies [Bahtiyar et al., 2007;
Glinianaia et al., 2008; Hardin et al., 2009a], a higher risk of
perinatal mortality, and preterm births with low birth weight
[Helmerhorst et al., 2004; McDonald et al., 2005] compared
with singleton pregnancy. A tendency for an increasing rate
of twin delivery has been observed in 14 out of 16 countries in
Europe, Canada, Australia, Singapore, and Hong Kong [Imaizumi
1998]. This tendency has also been observed in Japan [Imaizumi
2000]. The rise in the rate of multiple births is due to the effect of
advanced maternal age and increased use of assisted reproductive
technology (ART) [Bondel and Kaminski, 2002]. In the USA
and Europe, between 20 and 30% of deliveries following
ART are twin births compared with 1% following spontaneous
conception [Andersen et al., 2008; Wright et al., 2008]. However,
the rate of twin pregnancies in the USA has stabilized at 32 per
1,000 births in 2006 [Chauhan et al., 2010]. In Australia, recent data

© 2011 Wiley Periodicals, Inc.
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indicated that the proportion of twin deliveries decreased in 2006
[Wang et al., 2008].

To determine the trends of prevalence in twin births, we studied
the data of a population-based birth defects monitoring system
during 26 years between 1981 and 2008 in Kanagawa Prefecture,
Japan. Kanagawa Prefecture, which is adjacent to Tokyo, includes
Yokohama City with a total population 3,687,000. To investigate
the effects of ART, we analyzed the data of twins according to the
zygosity during the study period.

MATERIALS AND METHODS

Actotal of 15,380 twins from 7,690 deliveries were ascertained from
990,978 births in the Kanagawa Birth Defects Monitoring Program
(KAMP). This program has been in operation since October 1981 as
the first population-based monitoring system in Japan. Details of
KAMP are described elsewhere [Kuroki et al., 1982; Kuroki and
Konishi, 1984, 1992; Kuroki, 1988; Kurosawa et al., 1994; Yuan
etal,, 1995]. KAMP covers one-half of the total births (40,000 births
annually) in Kanagawa Prefecture. All live births and stillbirths
are screened for 44-48 marker malformations (only surface
anomalies), arranged in 10-11 groups, and they are examined by
general obstetricians or occasionally by general pediatricians within
7 days after birth. During the study period between 1981 and 2008,
the KAMP was divided into four stages according to a minor
modification in marker anomalies and registration systems. The
first two stages, for 1981-1983 and 1984—1988, had total birth
registration systems including all the malformed infants, normal
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infants, and all multiple births. However, in the last two stages,
1989—2000 and 2001-2008, all malformed infants as well as all
multiple births were registered with two consecutive normal
infants. Information on zygosity is not available in the KAMP,
and therefore, we used Weinberg’s differential rule for zygosity
estimation [Fellman and Eriksson, 2006; Hardin et al., 2009b].
The incidence of twin births was defined as the number of twin
pairs per total deliveries.

RESULTS

During the period of analysis, the incidence of malformed infants
was 0.88% in live births and 17.24% in stillbirths. The sex ratio
was 1.05. From the start of KAMP at 1981, the incidence of
twin births had been consistently increasing from 57.0 to 98.6
per 10,000 deliveries until 2003 (Fig. 1). This tendency is consistent
with the results of previous studies [Imaizumi, 1998, 2000]. The
incidence of twin births peaked at 98.6 per 10,000 deliveries in 2003,
but after this time, the incidence declined to 78.5 per 10,000
deliveries in 2007. The incidence of monozygotic twins fluctuated
during the first 10 years, but after 1990 the incidence was stable at
40 per 10,000 deliveries. The incidence of dizygotic twins increased
from 25.3 to 57.3 per 10,000 deliveries in 2002, but rapidly
decreased to 40.1 in 2007, while the incidence of monozygotic
twins was stable (Fig. 2). These results indicated that the incidence
of twins is directly affected by the rate of dizygotic twins, and that
the incidence of dizygotic twin births has already reached its peak,
at least in the urban area of Japan.

DISCUSSION

Our study found that during the last 20 years, the incidence of twin
births increased from 57 to 98 per 10,000 deliveries, but after it
reached a peak in 2003, it recovered to 78.5 per 10,000 deliveries in
2007. Our study demonstrated that the trend in twin births was
affected by the incidence of dizygotic twins. The incidence of
monozygotic twins was stable at 40 per 10,000 deliveries, while
that of dizygotic twin births attained a peak in 2002 with 57.3 per
10,000 deliveries, and it declined to 40.1 after this time. To the best

of our knowledge, this is the first report describing the trends of a
decrease in the rate of twin births in Japan. Because the rates of
monozygotic twins are thought to be constant throughout the
world, our results on the tendency of the rates of monozygotic twins
have implication of the accuracy of the study. In the USA, between
1980 and 2006, the rate of twin pregnancies consistently increased
from 18.9 to 32.1 per 1,000 births [Chauhan et al., 2010]. However,
therapid rise appeared to end in 2004 and the rate stabilized in 2006.
A rise in the prevalence of twin births has also been observed in
Austria, Finland, Norway, Sweden, Canada, Australia, Hong Kong,
Israel, and Singapore [Imaizumi, 1997]. The rate of twin births in
these countries stabilized between 2004 and 2006, and recent trends
of a decreasing rate has been reported in some countries [Wang
et al., 2008].

Clearly, the use of ART has contributed to the changes in the
rate of twin pregnancies [Wright et al., 2008; Hansen et al., 2009].
ART twins have a greater risk of adverse perinatal outcome includ-
ing preterm birth, low birth weight, and cerebral palsy compared
with spontaneously conceived twins and singletons [Hansen et al.,
2009]. The use of single embryo transfers reduces multiple birth
rates and the risks of these adverse outcomes following ART.
According to a report from the European Society of Human
Reproduction and Embryology, compared with the number of
cycles in 2003, fewer embryos were transferred in Germany in
2004, but there were still huge differences between countries
[Andersen et al., 2008]. This transfer policy had a considerable
impact in Belgium, Finland, Sweden, and several other countries
[Andersen et al., 2008], and therefore, a reduced rate of twin births
may be observed within a few years in these countries. In the case of
Japan, the reduction of the rate was rapid, but a stable rate was not
observed at the end of the study period. The rate of twin births may
be stabilized when there is a balance between maternal age distri-
bution in reproductive generation and establishment of technical
standardization of single embryo transfer. Further analysis on the
rates of multiple births based on the population-based monitoring
system is required to determine the impact of ART.
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Abstract Genetic disorders and birth defects account for a
high percentage of the admissions in children’s hospitals.
Congenital malformations and chromosomal abnormalities
are the most common causes of infant mortality. So their
effects pose serious problems for perinatal health care in
Japan, where the infant mortality is very low. This paper
describes the reasons for admissions and hospitalization at
the high-care unit (HCU) of a major tertiary children’s
referral center in Japan. We retrospectively reviewed 900
admission charts for the period 2007-2008 and found that
genetic disorders and malformations accounted for a
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significant proportion of the cases requiring admission to
the HCU. Further, the rate of recurrent admission was
higher for patients with genetic disorders and malforma-
tions than for those with acquired, non-genetic conditions.
Over the past 30 years, admissions attributed to genetic
disorders and malformations has consistently impacted on
children’s hospital and patients with genetic disorders and
malformations form a large part of this facility. These
results reflect improvements in medical care for patients
with genetic disorders and malformations and further
highlight the large proportion of cases with genetic
disorders, for which highly specialized management is
required. Moreover, this study emphasizes the need for
involvement of clinical geneticists in HCUs at children’s
hospitals.
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Introduction

Genetic disorders and birth defects account for a high
percentage of the admissions to children’s hospitals [4, 13].
In 2008 [5], the Ministry of Health, Labor and Welfare in
Japan reported that congenital malformations, chromosomal
abnormalities, and genetic diseases are the leading causes
of death in children during the first year of life. As per
that report, 999 infants under the age of 1 year died of
congenital malformations and chromosomal abnormalities;
this corresponds to 35.7% of the total number of deaths in
this age group. Since 1985, congenital malformations and
chromosomal abnormalities have remained the leading
causes of infant mortality in Japan [5]. Indeed, in USA it
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