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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 20072008 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.

Keywords Malformation - Genetic disease - High-care
unit - Children’s hospital - Mortality

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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has been found that patients with genetic disorders had a
greater need for hospital admission and were hospitalized
for longer durations than were those without genetic
disorders [14].

However, recent advances in treatment are likely to
improve the survival of individuals with congenital malfor-
mations, which, in turn, is likely to increase the rates of
readmission to pediatric intensive care units (PICUs) [16].
Several studies have assessed the role of genetic disorders
in pediatric mortality and hospitalization [2, 6, 7, 16].
Congenital malformations and chromosomal abnormalities
pose serious challenges for perinatal health care in this
country, as they are the leading contributors to the infant
mortality rate in Japan.

In this study, we assessed the reasons for admissions and
hospitalization to the high-care unit (HCU) of a major
tertiary children’s referral center in Kanagawa Prefecture,
Japan, and compared our findings to those of a study of this
unit 30 years ago. To elucidate the impact and contribution
of birth defects and genetic diseases on pediatric hospital-
ization, we studied the reason for hospitalization, underly-
ing diagnoses, and duration of hospitalization in this
children’s hospital in Japan.

Materials and methods

Permission for the study was obtained from the Ethical
Committee of our medical center.

We retrospectively analyzed the cases of children
hospitalized at the HCU of Kanagawa Children’s Medical
Center (KCMC) between June 2007 and December 2008.
KCMC is a major tertiary children’s referral center for
pediatric cardiology. surgery, and cancer cases and serves a
large area in Kanagawa Prefecture, Japan. It has an institute
for the severely handicapped, a PICU, a neonatal intensive
care unit, and an HCU. In contrast to the PICU, which
admits patients who have undergone cardiovascular or
neurosurgery, the HCU specializes in pediatric patients
with other acute conditions. All of the patients were
included if they were admitted to the HCU from the
emergency room, operating room, or inpatient ward.
KCMC, with 419 beds, is the only specialized pediatric
hospital in Kanagawa Prefecture, where the total number of
births is 80,000 annually [8, 9]. About 8,500 patients (male/
female, 1:1) were admitted to KCMC in 2007, and the
average of hospital stay was 15.3 days.

We summarized and reviewed the medical charts of all
patients admitted to the HCU. The charts and summaries
were reviewed for age, sex, duration of hospitalization,
underlying disease, and reason for admission. Sub-
categories were created for the underlying diseases and
reason for admission.
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The underlying disease was classified into two main
categories: genetic conditions and acquired (non-genetic)
conditions. Genetic conditions were considered to include
chromosomal abnormalities, recognizable malformation
and dysplasia, multiple malformations, isolated malforma-
tions (e.g., those related to the heart. central nervous
system (CNS), and respiratory and gastrointestinal tracts),
other single-gene defect-related conditions, mitochondrial
diseases, and metabolic disorders (Table 1). All cases of
chromosomal abnormalities and multiple malformations
were examined using standard karyotyping. Cases of
recognizable malformation/dysplasia were ascertained by
clinical dysmorphologists (H.Y., N.F., and K.K.). Acquired
conditions were considered to include perinatal complica-
tions, trauma, neoplasm, and sequelae of severe infectious
conditions.

The reasons for admission were classified as problems of
the respiratory system. CNS, heart, gastrointestinal tract,
kidneys and urinary tract, infectious diseases, post-
operative management, and unknown condition. Those
cases that did not fall into these categories were placed
into a category called “others.”

Statistical analyses were performed to compare the
duration of hospitalization and the age distribution, using
StatView version 5.0 (SAS Institute, Inc; Cary, NY).
Categorical data were reported as counts and percentages,
and continuous data as mean (SD) or median values.
Statistical differences for categorical variables were deter-
mined by using chi-squared analyses. Median differences
were compared by Mann-Whitney U test.

Results

A total of 900 admissions, consisting of 687 individual
cases with 200 recurrent admissions, were reviewed.
Sixteen admissions were excluded from the study because
of insufficient information regarding the underlying causes
for admission.

The median age at admission was 3.5 years (range,
1 day-32.5 years), and the sex ratio was 1.36 (396 males
and 291 females). The median lengths of hospitalization in
the HCU were 4 days. Table 2 shows the distribution of the
884 admissions across the different categories of causes for
admission. Most patients were admitted for common
medical problems, including respiratory problems, post-
operative management, and CNS problems. Of the 298
admissions for respiratory problems, most cases involved
respiratory infection, including pneumonia and bronchitis.
Admissions for post-operative management accounted for
30.7% cases (271 of 884 admissions), while CNS problems
such as convulsions, encephalitis, and meningitis accounted
for 16.3% (144 of 884 admissions).
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Table 1 Definitions of categories

Category Examples

Chromosomal syndromes
Recognizable malformation/dysplasia

Down syndrome, trisomies 13 and 18, cri du chat syndrome, and Wolf-Hirschhom syndrome
22q11.2 deletion syndrome, CHARGE syndrome, and VATER association, Lowe syndrome,

achondroplasia, Crouzon syndrome, Noonan syndrome, and Treacher~Collins syndrome

Multipie malformations

Isolated malformations

Congenital heart diseases

Central nervous system malformations
Gastrointestinal malformations
Respiratory system malformations
Other isolated malformations
Single-gene defect

Mitochondrion

VSD ASD, AVSD. TGA, and DORV

Schistorrhachis, hydrocephalus, and meningoencephalocele

Diaphragmatic hernia, biliary atresia, and congenital intestinal obstruction
CCAM and tracheal stenosis

Cleft palate and cleft lip

Metabolic diseases, spinal muscular atrophy, and spinocerebellar degeneration

The classification of the underlying conditions of the
687 patients is shown in Table 3. In 13 cases, the data for
identifying the underlying disease were insufficient (e.g.,
charts were missing). These cases were categorized as
“unknown condition.” Of the total 687 patients, 372
(54.1%) had genetic disorders and the remaining 302
(44.0%) had acquired conditions unrelated to genetic
disorders, including perinatal complications, neoplasm,
and trauma. Among the 372 patients with genetic disorders,
72 had chramosomal abnormalities, with Down syndrome
(29 cases) being the most common underlying disorder.
Seventy patients had recognizable malformations and
dysplasia, with conditions such as osteogenesis imperfecta,
22q11.2 deletion syndromes, CHARGE syndrome, and
VATER association. Multiple malformations with unrecog-
nizable patterns were present in 38 cases while isolated
malformations, including CNS malformation, congenital
heart disease, and gastrointestinal malformation were
present in 160 cases.

We also summarized the reasons for the total of 884
admissions, according to the underlying condition (genetic

Table 2 Medical problems for admission (V=884)

Causes for admission Number Percent
Respiratory problems 298 33.7
Post-operative management 271 30.7
CNS problems 144 16.3
Gastrointestinal problems 35 4.0
Cardiac diseases 23 2.6
Other infectious state 23 2.6
Examination 21 2.4
Kidney and urinary tract problems 14 1.6
Other 55 6.2
Total 884 100.0

or acquired). Of these admissions, 200 were readmissions.
Patients with genetic disorders and malformations had a
greater tendency to be hospitalized repeatedly as compared
with those with acquired conditions (Fig. 1). In both genetic
and acquired condition categories, respiratory disease, post-
operative management, and CNS problems were the major
medical problems leading to admission.

We further compared age distribution and the lengths
of hospitalization between the groups with genetic and
acquired disorders (Table 4). The patients with genetic

Table 3 Classification of underlying diseases in 678 patients

Underlying diseases Number Percent
Genetic disorders and malformations 372 54.1
(subtotal)
Chromosomal abnormalities a2 10.5
Recognizable malformation/dysplasia (70) 10.2
Multiple malformations (38) 5.5
Isolated malformations (subtotal:160) 233
Central nervous system malformation an 10.3
Congenital heart disease (35) 5.1
Gastrointestinal malformation (32) 4.7
Respiratory system malformation %) 1.3
Other isolated malformations (13) 1.9
Single-gene defect (26) 3.8
Mitochondrion (6) 0.9
Acquired non-genetic conditions (subtotal) 302 44.0
Perinatal complications (66) 9.6
Neoplasm (38) 5.5
Trauma(non-accidental and accidental) 27) 39
Infection (16) 2.3 .
Other (155) 22.
Unknown 13 1.9
Total 687 100.0
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Fig. 1 Comparison of the incidence of admission between the groups
with genetic disorders and acquired disorders. In both groups, a total
of 200 patients were readmitted. The group with genetic disorders
generally required frequent readmission

disorders were significantly younger than those with
acquired conditions (median age, 2.0 vs. 4.9 years; P<
0.0001). There is no significant difference in the length of
hospitalization between the patients with genetic disorders
and those with acquired conditions (median, 4 vs. 4 days;
P=0.26), but some patients with genetic disorders had
much longer hospitalization (mean, 13.0 vs. 7.0 days; P=
0.007; range, 1-979 days). Among the reasons for
admission, respiratory problems tended to have a longer
duration of hospitalization for patients with genetic
disorders than for those with acquired conditions (median,
7 vs. 5 days; P=0.17).

Discussion

Our study shows that genetic disorders and malformations
account for a significant proportion of cases requiring
admission to the HCU. Additionally, the rate of recurrent
admission was higher among patients with genetic

disorders and malformations than among those with acquired
non-genetic conditions. This finding is in agreement with
those of previous reports for other countries [4, 13].

Several studies from different countries have previously
suggested that genetic conditions and malformations and
the associated mortality and morbidity have a significant
impact on the cost burden for society and the patients’
families. Cunniff et al. reported that 19% of deaths in a
PICU were in cases of heritable disorders [1]. Stevenson
and Carey reported that the 34.4% of deaths in a children’s
hospital were due to malformations and genetic disorders
[15]. On the basis of a population-based study, Yoon et al.
reported that the overall rate of hospitalization was related
to birth defects and genetic diseases, and varied with age
and race/ethnicity [16]. McCandless et al. reported the
enormous impact of genetic disease on inpatient pediatrics
and the health care system in both admission rates and the
total hospital charges [11]. These studies emphasize the
importance of understanding the impact that genetic
diseases have on mortality and healthcare strategies [15].
Furthermore, it is also clear that early recognition of the
underlying disorders is necessary for optimal management
of patients with genetic disorders.

Our study highlights another aspect related to the impact
of genetic disorders and malformations. In 1981, Matsui et al.
analyzed the cases of 18,736 children of total admission
during 1975-1979 to KCMC and found that 44% had genetic
disorders and malformations [10]. Although our study period
and ward are limited to those in the HCU, the patients with
genetic disorders and malformations had consistently
significant impact in KCMC during the ensuing three
decades. Further, it emphasizes that medical care for acute
conditions and surgical procedures frequently requires
highly specialized knowledge of unusual disease conditions
and should be provided in consultation with specialists
such as clinical geneticists.

Table 4 Comparison of patients
with genetic disorder vs.

Genetic disorders

Acquired conditions

acquired condition on ages at

admission and lengths of stay Median (range) n Median (range) n I
Ages 2.0 years (1 day— 372% 4.9 years (9 days— 302% <0.0001
27.0 years) 32.5 years)
Length of hospitalization (days)
Respiratory problem 7 (1-979) 182 5(1-97) 109 0.17
CNS 4 (1-34) 73 4 (1-207) 68 0.61
Cardiovascular 4 21D 13 4 (2-24) 8 0.94
Gastrointestinal 3.5 (1-37) 22 5(2-15) 12 0.60
Kidney and urinary tract 3(2-12) 5 8 (2-12) 9 0.32
Sepsis 3.5 (2-9) 14 7 (2-20) 9 0.19
*For the patients who have Post-operative care 2 (149 174 2 (1-62) 93 0.18
recurrent admissions, the only Total 4 (1-979) 518 4 (1-207) 366 0.26

first admission was calculated
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Although the strategies for management of respiratory
infection, by means of newly developed antibiotics and
mechanical ventilators, and surgical intervention for infants
with malformations, have improved, the general strategies
for the medical treatment of genetic disorders and malfor-
mations remain to be clarified. Hall commented on the
report by Yoon et al. [16] and emphasized the significance
of basic research on the human genome and developmental
genetics [3]. As shown in Table 2, genetic disorders and
malformations include rare diseases, which, although
uncommon, remain an important public-health issue and a
challenge for the medical community [12].

Our study had the limitations of genetic studies and
evaluation in cases with multiple malformations and other
isolated malformations. The underlying conditions of most
patients in this study were ascertained by clinical
geneticists, but high-resolution genome analysis with
arrays using comparative genomic hybridization was
applied in only limited cases. Recently, research attention
has focused to a large extent on rare genetic disorders and
Mendelian diseases, because of their significant effect on
human health, with the aim of identifying disease-related
genetic variations. Re-evaluation and classification of
underlying disorders, especially in the case of multiple
congenital anomalies in undiagnosed patients, are required
for further analysis.

Another limitation of our study is estimation of the
financial burden of the group of patients with a genetic
background. McCandless et al. showed that the disorders
with genetic determinant account for 81% of the total
hospital charges [11]. Their results are consistent with those
of Hall et al. in 1978 [4]. Further analysis of financial
burden in our study may provide useful information for
improvement of health care systems.

In conclusion, we report here the proportion of genetic
disorders and malformations among cases encountered at
the HCU of a tertiary children’s medical center in Japan.
Over 30 years, the proportion of admissions attributed to
genetic disorders and malformations has impact and
currently accounts for more than half of admissions to this
facility. These results firstly indicate improvements in
medical care for patients with genetic disorders and
malformations and further highlight the large proportion
of cases with genetic disorders. As these cases require
highly specialized management, the involvement of clinical
geneticists in HCUs at children’s hospitals is crucial.
Eventually, a better fundamental understanding of genetic
disorders and malformations may lead to further improve-

ments in medical care and may reduce the impact of these
conditions on the patients and their families.
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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 techunology (ART). To determine the trends of
prevalence in twia births, we studied the data of a population-
based birth defects monitoring system during 26 vears in
Kanagawa Prefecture, Japan. A total of 15,386 twins from
7,690 deliveries were ascertained from 990,978 births in the
Kanagawa Birth Defects Monitoring Program (KAMP) during
19812008, From the start of KAMP in 1981, the incidence of
twin births had been consistently increasing from 57.0 t0 98.6 per
10,000 deliveries until 2003, but after this time, the incidence
declined to 78.3 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 1o 57.3 per 10,000 deliveries
until 2002, and recovered to 40.1 in 2007. These results showed
the miost recent rendency of twin births and indicated that the
single embrvo transfer method can provide protection and
reduction of perinatal risk caused by multiple births,
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INTRODUCTION

Multiple 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 METHEDS

A total 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 19841988, 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.

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.

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
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FIG. 1. Trends of the incidence of total births of twin pairs per total
deliveries in Japan. The rate of twin births consistently increased
from 57.0 per 10,000 deliveries in 1981 to 98.6 in 2003, but after
this time, the rate recovered to that of the 1990s.
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FIG. 2. Comparison of the rate of twin births between monozygotes
and dizygotes. In the first 10 years, the fluctuation was ‘
remarkable in the rate of births in monozygotic twins for unknown
reasons, but during the last 20 years, the rate was stable at
approximately 40 per 10,000 deliveries. However, the rate of
dizygotic twins consistently increased to reach a peak in 2003,
and it then rapidly decreased.

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,
the rapid 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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