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Abstract

A retrospective analysis of the Taiwanese National Birth Defect Registration and Notification System was conducted
in order to determine the live birth- and stillbirth rates in infants with Down syndrome, trisomy 18, trisomy 13 and
Turner syndrome between 2001 and 2010. The objective was to investigate the impact of Down syndrome screening
on the Taiwanese Down syndrome live birth rate. In addition, the results of first-trimester Down syndrome screening
between 2006 and 2011, and of second-trimester quadruple testing between 2008 and 2011, were obtained from the
National Taiwan University Hospital. All Taiwanese infants born between 2001 and 2010 were included in the first
part of the analysis, and women receiving first-trimester Down syndrome screening or second-trimester quadruple
testing from the National Taiwan University Hospital were included in the second part. The live birth rate of infants
with Down syndrome, per 100 000 live births, decreased from 22.28 in 2001 to 7.79 in 2010. The ratio of liveborn DS
to total DS was 48.74% in 2001, and then decreased to 25.88% in 2006, when first-trimester screening was widely
introduced in Taiwan. This ratio dropped to 20.64% in 2008, when the second-trimester quadruple test was
implemented. The overall positive rate in first-trimester screening in the National Taiwan University Hospital was
3.1%, with a Down syndrome detection rate of 100%; the quadruple test had values of 9.0% and 75%, respectively.
The use of first-trimester screening and the second-trimester quadruple test may be responsible for the marked
decrease in the Taiwanese Down syndrome live birth rate observed between 2001 and 2010.
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Introduction

Antenatal Down syndrome (DS) screening has become
widely available around the world and it is recommended that
an evaluation for aneuploidy, either a screening test or a more
invasive, definitive test, should be offered to all pregnant
women [1]. There are many strategies available to screen for
DS, incorporating maternal age and a variety of first- and
second-trimester ultrasound and biochemical markers. First-
trimester DS screening involves the ultrasound measurement
of fetal nuchal translucency (NT) thickness, typically increased

in fetuses with DS [1], combined with the assessment of
maternal concentrations of serum free beta-human chorionic
gonadotrophin (β-hCG) and pregnancy-associated plasma
protein-A. Second-trimester screening involves the maternal
measurement of serum β-hCG, alpha-fetoprotein (AFP) and
unconjugated estriol concentrations to make up the triple
screen, with the addition of inhibin A when quadruple screening
is desired. A double screen may also be performed, with the
assessment of β-hCG and AFP concentrations [2,3,4,5,6]. All
of these approaches provide the mother with an age-adjusted
risk for DS, as the concentrations of AFP, pregnancy-
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associated plasma protein-A and unconjugated estriol are
known to be decreased when fetuses are affected with DS,
while β-hCG and inhibin A are increased [1]. Over the past 20
years, advances in testing have resulted in a larger proportion
of affected pregnancies being detected with fewer women
requiring invasive diagnostic testing.

According to the current public health policy in Taiwan,
amniocentesis is indicated in pregnant women aged 35 years
and over, although it is suggested that advanced maternal age
is no longer the sole determinant of whether a patient is offered
screening versus invasive testing [1,7]. The second-trimester
double test was introduced in Taiwan in 1994, and the ratio of
DS live birth to total DS subsequently dropped significantly,
from 70.42% in 1994 to 48.74% in 2001 [8]. First-trimester DS
screening was implemented in Taiwan in 2001, and second-
trimester quadruple screening was added in 2008.

We used birth certificate data to investigate the trend in live
births, between 2001 and 2010, for Taiwanese infants with DS.
We also analyzed the DS screening results at a single medical
centre between 2006 and 2011, in order to illustrate any effect
of the first-trimester DS screening program and/or the second-
trimester quadruple test. We found that use of this testing may
be responsible for the marked decrease in the DS live birth rate
in Taiwan observed between 2001 and 2010.

Methods

This study was approved by the Research Ethics Committee
of National Taiwan University Hospital (201210077RIC). Data
from the Taiwanese National Birth Defect Registration and
Notification System and from the Bureau of health promotion,
department of health, Taiwan were accessed; births taking
place between 2001 and 2010 were included for analysis. This
national database was generated from standard registration
forms filled out by clinicians at hospitals and clinics in Taiwan
for each newborn, reporting birth defects, infants with abnormal
karyotypes (when known) and abnormalities detected during
the perinatal period. The annual number of live births were
obtained from Department of statistics, Ministry of the Interior,
executive yuan, Taiwan.

DS infants were reported as live births or stillbirths, without
regard to gestational age. Stillbirths included both intrauterine
demises and pregnancy terminations after the prenatal
diagnosis of DS. The amniocentesis rate was obtained from the
Bureau of health promotion, department of health, Taiwan,
which was started to be registered since 2006. The number of
women receiving first-trimester screening was taken from the
number of tests submitted to the Fetal Medicine Foundation
(http://www.fetalmedicine.com/fmf/). However, the individual
outcomes for pregnancies tested by either first-trimester DS
screening or second-trimester quadruple testing were not
available.

We collected the first-trimester DS screening and second-
trimester quadruple testing results for the period between 2006
and 2011 from the National Taiwan University Hospital
(NTUH), a tertiary medical centre in Taiwan with around 2500
to 3000 deliveries each year. The second-trimester DS double
test was used at NTUH between 1994 and 2007; in 2006, the

first-trimester DS screening program was implemented, with
the second-trimester quadruple test replaced the second-
trimester DS double test at NTUH in 2008. During the study
period, there were 8 sonographers at NTUH certified by the
Fetal Medicine Foundation to perform NT assessment.

According to national policy, most Taiwanese pregnant
women aged 35 years or greater would have been offered
amniocentesis during the study period. When NTUH adopted
first-trimester DS screening, a contingent program was put in
place. Women with a screening risk of 1 in 270 or greater were
considered to be at high risk of having a fetus with DS and
were referred for amniocentesis. Women with a risk between 1
in 270 and 1 in 1000 were considered to have an intermediate
risk of having a fetus with DS and the second-trimester
quadruple test was recommended (contingent sequential
screening [1]). Women with a risk of less than 1 in 1000
received regular prenatal care. On second-trimester quadruple
testing, women with a screening risk of 1 in 270 or greater were
considered to be at high risk of having a fetus with DS and
were referred for amniocentesis. There were unfortunately no
data on how many women over the age of 35 received
amniocentesis primarily versus how many underwent
screening, then amniocentesis.

Results

The records of 2 152 228 deliveries were collected between
2001 and 2010 in Taiwan; these deliveries included 2 123 029
live births, 29 199 stillbirths and 1681 infants with DS confirmed
by karyotype analysis (Table 1). The numbers of pregnant
women over 35 years of age increased each year, triple from
1993 to 2010. The incidence of DS was 7.92 per 10 000 live
births between 2001 to 2010; that is, one out of every 1263 live
births resulted in an infant with DS. The Taiwanese DS live
birth ratio dropped from 48.74% of all fetuses with DS in 2001
to 25.88% in 2006, when first-trimester DS screening was
widely introduced. The rate dropped further, to 20.64%, in
2008, when the second-trimester quadruple test was
implemented in Taiwan (Cochran-Armitage Trend Test,
P<0.0001). By 2010, the live birth rate was 7.79 per 100 000
live births. Nearly half of all pregnant women in Taiwan
received either the first-trimester screen or the second-
trimester quadruple test in 2010 (Table 1); over 95% of women
underwent either the DS maternal serum screening or
amniocentesis. The invasive prenatal diagnosis uptaken rate
rose from 12.22% in 2006 to 20.11% in 2010. The percentage
of women aged over 35 year-old and received invasive
prenatal diagnosis also increased from 63.28% in 2006 to
75.35% in 2010. We did not have data on the number of
women that underwent the double-test. The overall trend of DS
birth rates is demonstrated in Figure 1. The years 1994 to 1995
demonstrated a crossover, from more DS live births to more
DS stillbirths, coinciding with the implementation of the second-
trimester double test in 1994 [8]. The ratio of DS to total DS
was decreasing, and the stillbirth rate was significantly
increasing (both p<0.0001), parallel to the DS serum screening
uptaken rate (p<0.0001). However, the DS live birth rate per
100 000 live births was not statistically significantly different
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form 2001 to 2010, which might be influenced by the
decreasing total live birth number. But it is also shown that the
DS live birth rate per 100 000 live births was reduced since
2006, when DS serum screening became more and more
available.

A total of 4106 women at NTUH received first-trimester DS
screening between 2006 and 2010; their pregnancies
comprised 3946 singletons, 158 sets of twins and 2 sets of
triplets. Of these women, 3236 (78.8%) were 34 years of age
or younger. High-risk results were noted in 107 singleton
pregnancies and 20 twin pregnancies. Of these 127 women,
115 (90.6%) received invasive testing to obtain a karyotype; 9
underwent chorionic villus sampling and 106 underwent
amniocentesis. The overall positive rate for first-trimester DS
screening was 3.1%, with a DS detection rate of 100%.

First-trimester screening did not detect only DS: fetuses with
trisomy 18, trisomy 13, Turner syndrome, the 6p25
microdeletion syndrome, skeletal dysplasia and intrauterine
fetal demise were also found (Table 2). Of the 211 patients
determined to be at intermediate risk, a few abnormal
pregnancies were identified: 1 fetus had triploidy, 1 had mosaic
DS, 1 had a Yq12 deletion and 1 had renal agenesis.

The second-trimester double test was abandoned since 2008
in NTUH. Of the 1307 women receiving the second-trimester
quadruple test at NTUH, 1060 (81.1%) were under 35 years of
age. Four fetuses were determined to have DS, 1 of which had
a screening risk of one in 1110 and was identified due to
multiple structural abnormalities seen on ultrasound. The
overall positive rate of the quadruple test for DS was 9.0%, with
a DS detection rate of 75%.

Discussion

DS is the most common chromosomal abnormality in infants,
and one of the most common causes of mental retardation and
congenital malformations. Prior to 2001, the reported incidence
of DS in Taiwan was one in 848 live births, or 11.8 per 10 000
live births [9], although the poor registration system seems to
have led to an overestimation of this incidence. With an
improved registration system in place beginning in 2001, the
incidence of DS between 2001 and 2010 has been determined
to be one in 1263 live births, or 7.9 per 10 000 live births. This
incidence is close to that reported in Japan (8.3-9.7 per 10 000
live birth) but lower than that seen in Europe (22.0 per 10 000
live birth) (Table 3) [10,11]. In the United States, the incidence
of DS itself is reported to have been stable, in the range of 9.8
to 11.8 per 10 000 live births between 1985 and 1993 [12].
Reported prevalence of Down syndrome may be affected by
the maternal age distribution of the population, early fetal loss
due to trisomy 21, the rate of cytologic confirmation of fetal
demise, prenatal testing availability and accuracy of diagnosis.
Around 5% of spontaneous abortion before the 25th week of
gestation is resulted from trisomy 21 [13,14,15]. Nevertheless,
there are no data on very early fetal losses due to DS in this
study. Since 2001, the National Birth Defect Registration and
Notification System has registered over 97% of all births in
Taiwan. The DS live birth rate markedly decreased after Down
syndrome screening was introduced to Taiwan and public

health policy called for mothers 35 years of age or greater to be
routinely referred for amniocentesis. The rate of invasive
prenatal diagnosis increased from 12.22% in 2006 to 20.11% in
2010 (Table 1). Over 95% of women during the study period
were evaluated by either screening tests or amniocentesis.

Combining the data from previous literature and the present
study, we demonstrated that the ratio of DS live birth to total
DS in Taiwan has markedly decreased from 70.42% in 1994 to
41.82% in 1995 [8], then to 25.88% in 2006 and 5.99% in 2010.
The lowest DS live birth rate was observed in 2010, at 7.79 per
100 000 live births. This change may be attributable to the
introduction and the liberal use of the second-trimester double
test, first-trimester DS screening and the second-trimester
quadruple test in 1994, 2006 and 2008, respectively and
increasing use of amniocentesis as well.

The second-trimester double test, still used in about half of
Taiwanese pregnancies, takes into account maternal age, AFP
and β-hCG. It was not included in our analysis of test results,
although 2 Taiwanese hospital-based reports demonstrated a
detection rate of 59.5–62.5% for the double test, with a false-
positive rate of 5.9–6.5%; these results are comparable to
those seen in Western countries [8,16,17]. Only 1 tertiary
center in Taiwan has adopted the triple test, with unconjugated
estriol as the third marker. One study reported the detection
rate of the triple test for DS in a Taiwanese population to be
78.6% [18], although ACOG quotes a rate of only 69% [1]. The
DS detection rate of the second-trimester quadruple test in
Taiwan is 81.8%, with a 4.4% false-positive rate, comparable to
the rates seen in Western countries [1,19]. According to
guidelines published by the American Congress of
Obstetricians and Gynecologists (ACOG), either serum
integrated testing or second-trimester triple or quadruple
testing should be offered to pregnant women when certificated
practitioners are not available to perform first-trimester
combined testing with NT measurement [1]. In terms of
detection rate, cost-effectiveness and safety (i.e. avoiding

Table 3. Incidence of Down syndrome.

Country Years
DS incidence (per 10,000 live
births) Reference

Canada 1993-1997 12.79 [26]
United States 1985-1993 9.8-11.8 [27]
Brazil 1993-1998 15.01 [26]
Norway 1993-1998 10.28 [26]
Finland 1993-1998 11.75 [26]
England & Wales 1993-1998 5.38 [26]
Europe 1990-2009 22.02 [11]
France Paris 1981-2000 25.9 [28]
Australia 1993-1997 13.14 [26]
New Zealand 1994-1998 9.9 [26]
United Arab Emirates 1996-1998 17.65 [26]
Japan 1980-1997 5.82 (8.3-9.7*) [10]
Singapore 1993-1998 10.2 [29]
Taiwan 2001-2010 7.9 This study

*. After correction according to the estimated ascertainment ratio: 60–70%.
doi: 10.1371/journal.pone.0075428.t003
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Table 1.

 1993& 1994& 1995& 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Registered live
births# 325994 322938 329581 260,354 247,530 227,070 216,419 205,854 204,459 204,414 198,733 191,310 166,886

Maternal age ≧
35 years

16887
(5.18%)

18112
(5.61%)

20003
(6.07%)

23046
(8.85%)

21851
(8.83%)

21468
(9.45%)

21472
(9.92%)

22635
(11.70%)

23920
(11.70%)

25260
(12.36%)

26389
(13.28%)

27683
(14.47%)

28689
(17.19%)

Invasive prenatal
diagnosis

        
24985
(12.22%)

26486
(12.96%)

27645
(13.91%)

31939
(16.69%)

33553
(20.11%)

Maternal age ≧
35 years

        15,137 16,957 17,582 20,226 21,617

(Percentage)         63.28% 67.13% 66.63% 73.06% 75.35%
Maternal age <
35 years

        9,848 9,529 10,063 11,713 11,936

(Percentage)         5.45% 5.32% 5.84% 7.16% 8.64%
Registered live
DS births

30 50 23 58 49 48 41 50 59 50 45 43 13

Registered DS
stillbirths

9 21 32 61 78 78 73 94 169 132 173 163 204

Incidence of DS
(per 100,000 live
birth)

12 22 17 46 51 55 53 70 112 89 110 108 130

Liveborn DS/
total DS% 76.92% 70.42% 41.82% 48.74% 38.58% 38.10% 35.96% 34.72% 25.88% 27.47% 20.64% 20.87% 5.99%

DS live birth rate
(per 100,000 live
birth) $

9.20 15.48 6.98 22.28 19.80 21.14 18.94 24.29 28.86 24.46 22.64 22.48 7.79

DS stillbirth rate
(per 100,000 live
birth) $ $

2.76 6.50 9.71 23.43 31.51 34.35 33.73 45.66 82.66 64.57 87.05 85.20 122.24

Registered live
T18 births

   3 3 5 5 7 7 2 3 5 1

Registered T18
stillbirths

   15 21 30 42 27 35 29 26 31 27

Incidence of T18    0.73% 0.99% 1.55% 2.16% 1.64% 2.05% 1.52% 1.48% 1.87% 1.68%
Liveborn T18/
total T18

   16.67% 12.50% 14.29% 10.64% 20.59% 16.67% 6.45% 10.34% 13.89% 3.57%

T18 live birth
rate*    1.21 1.24 2.22 2.3 3.38 3.41 0.98 1.53 2.6 0.6

T18 stillbirth rate*    6.07 8.69 13.32 19.32 13.05 17.07 14.26 13.24 16.11 16.2
Registered live
T13 births

   2 2 1 0 0 0 5 0 1 0

Registered T13
stillbirths

   8 5 3 10 6 9 3 13 6 7

Incidence of T13    0.40% 0.29% 0.18% 0.46% 0.29% 0.44% 0.39% 0.66% 0.36% 0.42%
Liveborn T13/
total T13

   20.00% 28.57% 25.00% 0 0 0 62.50% 0 14.29% 0

T13 live birth
rate*    0.81 0.83 0.44 0 0 0 2.46 0 0.52 0

T13 stillbirth rate*    3.24 2.07 1.33 4.6 2.9 4.39 1.48 6.62 3.12 4.2
Registered TS
live births

   0 2 3 2 3 3 1 2 1 1

Registered TS
stillbirths

   0 9 19 12 12 9 10 12 10 8

Incidence of TS    0 0.46% 0.98% 0.64% 0.72% 0.59% 0.54% 0.71% 0.57% 0.54%
Liveborn TS/ total
TS

   NA 0.18 0.14 0.14 0.2 0.25 0.09 0.14 0.09 0.11
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unnecessary invasive testing), the NT measurement, the
quadruple test, the first-trimester combined screen and the
integrated tests (using both first- and second-trimester testing
to reach a final result, with or without NT testing [1]) represent
the best options for DS screening. These tests are preferable
to screening based only on maternal age and either the
second-trimester double test or the first-trimester serum test
[3,20].

Although maternal DS screening also provides the risk of
carrying a fetus with trisomy 18 or trisomy 13, the live birth rate
for infants with these disorders has not decreased with the
introduction of maternal DS screening. This may be partly due
to the low incidence of trisomy 18 and trisomy 13, and partly
due to the lower detection rates for these disorders, compared
with the detection rate for DS, on maternal screening
performed using the algorithm for DS detection (maternal age,
serum testing and NT measurement) [21]. In addition, most
fetuses with trisomy 18 and trisomy 13 have multiple
anomalies, and detection therefore is mainly accomplished by
ultrasound and amniocentesis. A similar situation applies in
Turner syndrome: although 100% of fetuses with Turner
syndrome are detected by the first-trimester DS screen [22],
the early onset of cystic hygroma and the high rate of
intrauterine demise may lead to pregnancy termination
(spontaneous or voluntary) without maternal DS screening or
karyotype analysis [22].

ACOG recommends that all women, regardless of their age,
be offered aneuploidy screening before they have completed
20 weeks of gestation. Their guidelines also state that all
women should have access to invasive diagnostic testing,
should they desire this option [1]. DS screening programs are
not aimed at eliminating children with DS, but rather at the
early diagnosis of the condition. There are multiple screening
approaches available, and it is important to keep in mind that
all patients may not have access to NT measurement.
Screening based on second-trimester markers alone continues
to be an option for these patients, as well as for those who

present to care too late for first-trimester testing [23]. Earlier
testing is preferable, however, because early ultrasound dating
reduces the risk of false-positive screening tests, as serum
markers can be accurately matched to the gestational age [23].

With advances in molecular technology, noninvasive
methods are now available for the prenatal diagnosis of
chromosomal and other abnormalities. In particular, the
isolation and examination of fetal DNA in the maternal
circulation is now possible. Two large-scale independent
studies have validated this testing technique; the studies
respectively demonstrated a DS detection rate of 98.6% and
100%, with false-positive rates of 0.2% and 1.1% [24,25]. This
testing modality is expensive, however, and requires
sophisticated sequencing protocols and bioinformatics
algorithms.

The limitations of the present study include the fact that the
nationwide DS screening results and information on fetal
outcomes were not available. Underreporting may have
occurred, affecting the observed results. The overall trends that
we report may be influenced by many factors other than
screening-test results, including rising maternal age and the
increasing availability of amniocentesis. Antenatal DS serum
screening is known to be less sensitive in multiple gestations.
The DS live birth rate given in this study may not completely
represent the phenomenon of DS misdiagnosis.

Conclusions

We have demonstrated that the liberal use of first-trimester
DS screening and the second-trimester quadruple test may be
responsible for the marked decrease in the ratio of liveborn DS
to total DS in Taiwan observed between 2001 and 2010.
Around half of the women in Taiwan are still using the second-
trimester double test as their DS screening tool. Replacing this
test with other effective screening programs and adopting the
noninvasive fetal trisomy test is a worthy goal.

Table 1 (continued).

 1993& 1994& 1995& 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
TS live birth rate*    0 0.83 1.33 0.92 1.45 1.46 0.49 1.02 0.52 0.6
TS stillbirth rate*    0 3.72 8.43 5.52 5.8 4.39 4.92 6.11 5.2 4.8
Women receiving
1st trimester
Down screening

   1367 3045 3038 3229 3210 7643 8921 11320 12443 14173

Women receiving
2nd trimester
quadruple Down
screening

          27723 62136 67964

Screening
percentage

   0.50% 1.20% 1.30% 1.50% 1.50% 3.70% 4.30% 19.70% 38.30% 48.70%

# Data from the Department of statistics, Ministry of the Interior, executive yuan, Taiwan.
% Cochran-Armitage Trend Test, P<0.0001
$ Poisson regression for trend, p=0.32
$$ Poisson regression for trend, p<0.0001

doi: 10.1371/journal.pone.0075428.t001
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Figure 1.  Down syndrome (DS) live birth rates.  The Taiwanese DS live birth ratio dropped from 48.74% of all fetuses with DS in
2001 to 25.88% in 2006, when first-trimester DS screening was widely introduced. The rate dropped further, to 20.64%, in 2008,
when the second-trimester quadruple test was implemented in Taiwan. By 2010, the live birth rate was 7.79 per 100 000 live births.
doi: 10.1371/journal.pone.0075428.g001
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Table 2.

 Total

First trimester
screen Down
syndrome risk

Second
trimester
quadruple test
Down syndrome
risk

Maternal
age

Nuchal
translucency
(mm) Karyotype Remark

First trimester Down
syndrome screening
(9/2006-12/2011)

410
6

      

High risk 127      
Screening positive rate: 3.1%;
Detection rate: 100%

   1/2  32 6 Trisomy 18 Terminated

   1/2  30 6.4 Trisomy 18 Terminated

   1/143  42 9.5 Trisomy 18 Terminated

   1/2  32 6 Trisomy 21 Terminated

   1/2  34 1.3 Trisomy 21 Terminated

   1/2  33 7.6 45,X Cystic hygroma, terminated

   1/91  33 1.5 45,X Terminated

   1/22  44 7.5 Trisomy 13
Megacystic, SUA, tachycardia,
terminated

  1/111  33 3.6/3.1 both 46, XY
Twins, one IUFD at the 17th week of
gestation

  1/2; 1/292  29 8.9/2.0 both 46, XY
Twins, one IUFD at the 15th week of
gestation, hydrops fetalis

  1/102  35 3.5 6p25 microdeletion
Severe TR, AC, complex CHD,
termination at the 17th week of
gestation

   1/19  33 2 46, XX
Oligohydromnios and IUFD at the
23rd week of gestation

   1/47  30 2.8 46, XY Thanotophoric dysplasia, terminated

   1/4  43 1.4 46, XY
Skeletal dysplasia, terminated at the
32nd week of gestation

Intermediate risk 211       

  1/412  35 1.1 69,XXX
Immature fetus delivered
spontaneously at 22 weeks; birth
weight 170 g

  1/973  29 2.8
mos 47,XY,+21 [7]/
46,XY[5]

Terminated

  1/305  29 3 46,xy IUFD at the 22nd week of gestation

  1/828 1/5030 32 1.9 46,xy Hydrops fetalis,terminated

  1/310 <1/38500 33 2.6  IUFD at the 23rd week of gestation

  1/749  29 2.3 46,X, del(Y) (q12)dn Live birth

  1/672  32 1.7 45, X Terminated

  1/302 1/61 30 1.8 46, XX Live birth

Second trimester
quadruple Down
syndrome screening
(5/2008-12/2011)

130
7

     
Screening positive rate: 9.0%;
Detection rate: 75%

High risk 118       

   1/122 33  47, XX,+21 Terminated
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