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Background: Down syndrome (DS) is the most common 
chromosomal disorder that causes mental retardation. 
In 2009, a population-based birth defects study was 
implemented in three provinces in southern Thailand. 
This study aimed to determine the prevalence of DS in the 
studied regions, and the proportion of DS fetuses detected 
by prenatal screening.

Methods: Data were obtained from a population-
based surveillance study undertaken during 2009-2013. 
Entries in the birth defects registry included live births, 
stillbirths after 24 weeks gestational age, and terminations 
of pregnancy following prenatal diagnosis. Infants with 
clinical characteristics of DS had a chromosomal study to 
make a defi nite diagnosis.

Results: Of the total 186 393 births recorded during 
the study period, 226 DS cases were listed, giving a 
prevalence of 1.21 per 1000 births [95% confi dence interval 
(CI) 1.05-1.37]. The median maternal age was 36.5 years 
with a percentage of maternal age ≥35 years of 60.6%. 
Seventy-seven cases (34.1% of all cases) were diagnosed 
prenatally and these pregnancies were terminated. The 
prevalence of DS per 1000 births was signifi cantly higher 
in older women, from 0.47 (95% CI 0.28-0.67) in mothers 
aged <30 years to 0.88 (95% CI 0.59-1.17) in mothers 30-
<35 years (P<0.01), and to 4.74 (95% CI 3.95-5.53) in 
mothers ≥35 years (P<0.001).

Conclusions: The prevalence of DS significantly 
increased with maternal age. About 35% of DS cases 
were detected prenatally and later terminated. Hence, 
examining only registry live births will result in an 
inaccurate prevalence rate of DS.
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Introduction

Down syndrome (DS) is the most common 
chromosomal disorder that causes mental 
retardation.[1,2] The prevalence of DS is 1-2 cases 

per 1000 births in Caucasian[2-6] and Asian countries,[7-10] 
and depends on the maternal age distribution, notably 
the proportion of mothers at or older than 35 years of 
age. Over the past 20 years, there have been major 
advances in the fi eld of prenatal screening for detecting 
congenital anomalies including DS fetuses, and also the 
increased availability of termination of pregnancy (ToP) 
for fetal anomalies, which have resulted in a decreasing 
prevalence of live births with congenital birth defects 
and an increasing prevalence of pregnancy termination 
due to fetal anomalies.[2,4,7]

In Thailand, there have been two earlier studies 
regarding the prevalence of DS, the fi rst based on data 
from 1969-1978[11] and the second from 1988-1999,[12] 
each based on data from only one university hospital, 
and finding DS prevalences of 0.89 and 1.07 per 1000 
live births, respectively. In 1998, prenatal diagnosis 
by amniocentesis for chromosomal abnormalities was 
implemented in Songklanagarind Hospital, the only 
university hospital and major tertiary care center in 
southern Thailand, particularly in women aged over 35 
years.[13] A survey in pregnant Thai women attending 
antenatal care at our hospital in 2007 found that most 
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pregnant women had a positive attitude towards DS 
screening.[14] In 2009, a population-based birth defects 
study was implemented in three provinces in southern 
Thailand as a preliminary program to establishing a 
birth defects registry. The primary outcome of this 
present study was to determine the prevalence of DS 
during 2009-2013 using the new population-based birth 
defects registry of southern Thailand. The secondary 
outcome was to determine the proportion of DS fetuses 
detected by prenatal screening.

Methods
Data collection
A population-based study of DS prevalence was 
conducted from January 1, 2009 to December 31, 2013 
in three provinces (Songkhla, Phatthalung, Trang) 
in southern Thailand. Data were obtained from one 
university hospital, three medical education center 
hospitals, one provincial hospital, 34 community 
hospitals, 421 health promoting hospitals, and seven 
private hospitals. Data entries in the birth defects 
registry included live births, stillbirths after 24 weeks 
gestational age, and terminations of pregnancy following 
a prenatal diagnosis of any congenital anomaly at any 
gestational age. Gestational age was calculated by the 
last menstruation in women who had regular menses or 
by a newborn Ballard score. Each neonate was examined 
by a pediatrician to screen for associated birth defects. 
The fetuses of abnormalities detected by prenatal 
diagnosis and terminated before 24 weeks of gestation 
were examined after termination by an obstetrician, 
and the findings recorded in the registry system. The 
maternal data collection included age at delivery, mode 
of delivery, birth order, history of abortion and previous 
pregnancies, congenital anomalies in previous children, 
current illness and medication use during pregnancy, 
exposure to smoking, alcohol, infections, etc. The 
infant's data included date of birth, sex, birth weight, 
length, head circumference, and congenital anomalies 
such as cardiovascular malformation, gastrointestinal 
defects, congenital hypothyroidism, etc. All infants 
were followed-up at a well-child clinic for scheduled 
vaccinations at 2, 4, 6, 9, 12, 18 and 24 months of age. 
At each visit, the infants were re-evaluated for associated 
birth defects, and at this time, infants with clinical 
features suggestive of DS were referred to a medical 
center for chromosomal analysis and, if found to have 
any such defects, were then registered in the birth defects 
registry system.

The term "birth prevalence" was used as an indicator 
of incidence, as it is not practically possible to determine 
an exact incidence rate because the population at risk 
at any given time changes during gestation.[15] We 

calculated the total DS prevalence rate by combining live 
births, stillbirths, and pregnancy terminations in both 
the numerator and denominator. Both the numerator and 
denominator were based on data obtained from all public 
and private hospitals in the studied provinces. All the 
recorded cases and data were checked for duplicate cases 
and verifi ed for accuracy (e.g. impossible or inconsistent 
data entries were queried) and completeness of the data 
by the project's manager (JS). A chromosomal study 
(G-banding) was performed in infants who had clinical 
characteristics of DS to confi rm a defi nite diagnosis.

Statistical analysis
The number of live birth DS cases and terminations 
of pregnancy prevalence of DS fetuses by specific 
province were calculated. Cases were grouped by the 
live births or termination data. The age-specific risk 
rates associated with mothers based on 5-year age 
group categories were compared. The prevalence rates 
of DS calculated per 1000 total births by calendar year 
(January 1 to December 31) were calculated with 95% 
confidence intervals (CIs). The Pearson's Chi-squared 
test was used to compare the prevalences of DS among 
different maternal age groups.

This study was approved by the Institutional 
Review Board of the Faculty of Medicine, Prince of 
Songkla University.

Results
During 2009-2013, 186 393 births were registered in 
the three provinces: Songkhla 116 075 with an average 
of 23 215/year, Phatthalung 27 283, averaging 5457/
year, and Trang 43 035, averaging 8607/year. Of the 
total births, 198 pregnancies with dead fetus in utero 
after 24 weeks of gestation and 234 ToPs were included 
in the denominator. Of the total ToP cases, fetal 
chromosomal abnormalities were indicated in 94 cases 
(40.2%), of whom 77 (81.9%) were trisomy 21, 7 (7.4%) 
trisomy 18, 6 (6.4%) trisomy 13, and 4 (4.3%) were 
other chromosomal abnormalities.

Prevalence of Down syndrome
Two hundred twenty-six DS cases (121 male and 105 
female) were diagnosed, with an average prevalence of 
1.21/1000 births (95% CI 1.05-1.37). The prevalence 
rates of DS with 95% CIs in each province in each 
year of the study ranged from 0.86-1.99 per 1000 
births (Table 1). There were no significant differences 
of prevalence rates yearly among the 3 provinces. 
The majority of the mothers of DS children or fetuses 
reported no use of alcohol, tobacco, or any medications, 
and had no illnesses during their pregnancy (Table 2). 
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Only five mothers (2.2%) with DS offspring had an 
underlying disease, two with diabetes mellitus, and 
three with hypertension.

Chromosome studies
Chromosome studies were done in 208 cases (92.0%), 
finding trisomy 21 in 202 (97.1%), translocation 14/21 in 
five (2.4%), and translocation 21/21 in one (0.5%). Of the 
total cases of DS, 80 (35.4%) were diagnosed prenatally 

Provinces Total births Down syndrome Prevalence per
  1000 births 95% CIsLive births ToPs

Songkhla
  2009   22 585   21   4 1.11 0.67-1.54
  2010   22 364   24   6 1.34 0.86-1.82
  2011   23 114   13 11 1.04 0.62-1.45
  2012   24 797   23 10 1.33 0.88-1.78
  2013   23 215   14 12 1.12 0.69-1.55
  Total 116 075   95 43 1.19 0.99-1.39
Phatthalung
  2009      5512     5   6 1.99 0.82-3.17
  2010      5645     4   5 1.59 0.55-2.64
  2011      5439     1   6 1.29 0.33-2.24
  2012      5046     2   5 1.39 0.36-2.41
  2013      5641     1 10 1.95 0.80-3.10
  Total   27 283   13 32 1.65 1.17-2.13
Trang
  2009      7718     8   0 1.04 0.32-1.75
  2010      8452     9   0 1.06 0.37-1.76
  2011      8741     9   0 1.03 0.36-1.70
  2012      9346     8   0 0.86 0.26-1.45
  2013      8778     7   2 1.03 0.36-1.69
  Total   43 035   41   2 1.00 0.70-1.30
Total three provinces
2009-2013 186 393 149 77 1.21 1.05-1.37

Table 1. Prevalence of Down syndrome in the three provinces

CIs: confi dence intervals; ToPs: terminations of pregnancy. 

Characteristics
Maternal age at time of pregnancy (y)
    Mean±standard deviation   34.7±7.0
    Median   36.5
    Range   17-48
Maternal age distribution, n (%)
    ≥35 y 137 (60.6)
    ≥30-<35 y   35 (15.5)
    <30 y   54 (23.9)
Maternal disease before pregnancy, n (%)     5 (2.2)
Maternal drug use during pregnancy, n (%)     2 (0.9)
Mothers receiving prenatal diagnosis, n (%)   80 (35.4)
Mothers aged ≥35 years receiving prenatal diagnosis, n (%)   79/137 (57.7)
Parity, n (%)
    First pregnancy   54 (23.9)
    Second pregnancy   69 (30.5)
    Third pregnancy   55 (24.4)
    Fourth pregnancy   31 (13.7)
    >Fourth pregnancy   17 (7.5)
Mothers with history of abortion in previous pregnancy, n (%)  31 (13.7)

Table 2. Characteristics of pregnant mothers with Down syndrome 
(n=226)

and later underwent terminations of pregnancy; most (77 
out of 80, or 96.3%) were mothers aged at or over 35 
years. Eighteen DS mothers (8.0%) were over 40 years of 
age and refused to have a chromosome study performed 
since they intended to have no further pregnancies and 
later underwent permanent sterilization. The diagnosis 
of DS in these 18 neonates was based on typical DS 
characteristic features.

Maternal age
The most common maternal age group at the time of 
pregnancy was between 25-30 years (26%-30%) (Fig. 
3). In this study, the percentage of all delivering mothers 
at and over 35 years of age increased from 14.7% in 2009 
to 15.5% in 2013, and the national data also showed 
a similar trend of increasing percentage of delivering 
mothers at and over 35 years of age from 12.3% in 
2006 to 12.8% in 2011;[16] however, no significant 
differences were found on the overlapping percentage of 
the 95% CIs. For the DS mothers in our study, the mean 
and median maternal ages were 34.8 and 36.5 years, 
respectively, range 17-48 years, with the percentage of 
maternal ages over 35 years of 60.6%. There were no 
statistical differences in the mean maternal ages among 
the 3 provinces: Songkhla 34.7±6.9 years, Phatthalung 
35.1±6.9 years, and Trang 33.7±5.9 years (P=0.40). Of 
the 137 mothers of Down infants aged at and over 35 
years, 79 (57.7%) had undergone prenatal diagnosis 
and the fetuses were found to be affected with trisomy 
21. The average gestational age at the time of prenatal 
diagnosis was 17.2±3.1 weeks (range 14-22 weeks) and 
the average gestational age of ToP was 20.5±4.5 weeks 
(range 16-28 weeks)

Live births and terminations of pregnancy
The average prevalence of DS, including live births 
and ToPs, was only a little different between the 
three provinces and years of study, ranging from 
0.83-1.99/1000/year without significant statistical 

Fig. 1. Prevalence of Down syndrome/1000 births according to year 
of study. ToP: termination of pregnancy.
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differences. We also found an increasing proportion 
of prenatal detection of DS and ToP in mothers who 
were over 35 years at the time of pregnancy from 
0.23 in 2009 to 0.53 in 2013 (Fig. 1). It is of note that 
all mothers who had their pregnancies terminated 
for severe congenital anomalies had attended routine 
antenatal care at the university hospital or a provincial 
hospital where prenatal diagnosis was available.

Prevalence of Down syndrome according to maternal 
age
Maternal age at the time of pregnancy was divided into 
5-year intervals: <20, 20-<25, 25-<30, 30-<35 and ≥35 
years. Prevalence of DS per 1000 births significantly 
increased from 0.45 (95% CI 0.31-0.62) or 1 in 2200 
in mothers younger than 30 years to 0.88 (95% CI 

Maternal age
  (y) Total births DS Prevalence/1000

  births (95% CI) P value

     <25 69 338   31 0.45 (0.29-0.60) <0.001
25-<30 48 462   23 0.47 (0.28-0.67)
30-<35 39 702   35 0.88 (0.59-1.17)
     ≥ 35 28 891 137 4.74 (3.95-5.53)

Table 3. Prevalence of Down syndrome according to maternal age from 
our current study

CI: confi dence interval; DS: Down syndrome.

0.61-1.16) or 1 in 1100 in mothers aged 30-<35 years 
(P<0.01), and to 4.74 (95% CI 3.76-5.54) or 1 in 220 
in mothers aged ≥35 years (P<0.001) (Table 3 and Fig. 
2). The prevalence of DS live births was relatively 
the same over time at 0.44-0.47 per 1000 births from 
mothers under 30 years of age.

Discussion
At present, the birth defects registry in Thailand is still in 
an ongoing process of being established and is expected 
to be fully implemented at the national level within a few 
years. Our current study firstly studied DS prevalence 
in Thailand on a population-base. The prevalence was 
higher in Phatthalung than Trang and Songkhla but with 
no significance due to the variations in each year of the 
study period and the overlapping 95% CIs. The overall 
prevalence of DS in the five years was 1.21 per 1000 births, 
which was greater than the prevalence of 0.89 per 1000 live 
births during 1969-1978[11] and 1.07 per 1000 live births 
during 1988-1999.[12] This increasing prevalence of DS in 
our study was postulated to be related to the increasing 
percentages of advanced maternal age pregnancies, as 
60% of the DS cases were delivered by mothers who 
were over 35 years old. Moreover, increased percentages 
of advanced maternal age at the time of giving birth were 
found in all 3 study provinces and are consistent with 
the findings of the Thai national report of the increasing 
percentage of maternal age at and over 35 years of age 
from 12.3% in 2006 to 12.8% in 2010.[16] The prevalence 
of DS has been demonstrated to be related to increased 
maternal age in many studies. In Japan, the live birth 
prevalence of DS has been increasing in Japan since 
1970,[10] and the increasing frequency of DS from 1.34 
per 1000 live births in 1980-1989 to 1.74 per 1000 
live births in 1990-1999 was attributed to an increased 
average maternal age from 31.0 in 1980-1989 to 32.4 
years in 1990-1999.[10,17] In Europe, the average age of 
women giving birth has steadily increased since the 

Fig. 2. Prevalence of Down syndrome/1000 births according to 
maternal age at pregnancy
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late 1970s.[18] In the USA, the percentage of advanced 
maternal age births has increased, along with an 
increase in the prevalence of DS at birth from 9.0 to 
11.8 per 10 000 live births in 10 USA regions during 
the 25-year period 1979-2003.[19,20] Studies of DS 
in various parts of the world have shown increasing 
trends in affected pregnancies attributed to increasing 
percentages of maternal age at and over 35 years (Table 
4).[2-12]

It is known that the risk of having a child with DS 
increases with maternal age from 1 in 800 to 1 in 50, in 
mothers from 25 to 40 years old. However, a study in the 
USA in 1970 found that more than 60% of infants with 
DS were born to mothers under 35 years of age.[21] In our 
study, the overall prevalence of DS in our studied areas 
was 1.21 per 1000 births or 1 in 770 births. Dividing 
the mothers into 5-year age groups, the risk of having a 
child with DS in mothers younger than 30 years was 1 
in 2200 births, which increased to 1 in 1100 births in 
mothers aged 30-35 years, and 1 in 220 in mothers at 
and older than 35 years. The obvious increased risk in 
mothers over 35 years can probably be explained by the 
increased detection by prenatal screening as a medical 
policy for this age group in the university hospital, 
medical education center hospitals, and provincial 
hospitals. However, nearly 40% of mothers aged at and 
over 35 years in this study had not performed prenatal 
diagnosis due to the limitation of this procedure at 
the community hospitals. The risk of having a child 
with DS in mothers younger than 30 years was low, 
at 1 in 2200 and only one mother, aged 27 years, 

underwent prenatal diagnosis in a university hospital 
as a study project for congenital anomaly screening in 
pregnant women. One possible explanation for the low 
prevalence of DS in pregnant women aged under 30 
years in the study was that abortions or miscarriages 
before 24 weeks gestation were not included in our 
study. Previous studies have shown that 10%-15% of all 
recognized pregnancies result in spontaneous abortions, 
mostly in the first trimester, and 50%-60% of these 
abortions are found to have chromosome abnormalities, 
of which about 10% are trisomy 21.[22,23] Estimating the 
prevalence of DS in young maternal age groups based 
on these data might increase from 1 in 2200 to 1 in 
1800. However, abortions in early pregnancy would not 
be much of concern since fetuses with major anomalies 
rarely survive to term.

A national policy concerning prenatal screening in 
Thailand has still not been established. In our institute 
as a university hospital, over the past 20 years there 
have been advances in the field of prenatal screening 
for DS and fetal anomalies. A study of the outcomes of 
second-trimester amniocentesis in singleton pregnancies 
in our institute during 1998-2006 in over 8000 mothers 
found that the indication was advanced maternal age 
in 96% of cases and that fetal loss within 14 days 
after the procedure was 0.12%.[13] The low prevalence 
of DS in mothers aged under 30 years of 0.45-0.47 
per 1000 births or 1 in 2200 supports our policy that 
amniocentesis is not necessary in mothers under 30 
years of age without some specific indication. In our 
study, the DS live births were mostly born to mothers 

Study Countries and regions Year of study Total births Maternal age ≥35 y (%) Prevalence per 1000 births
Europe
  Loane et al[2] EUROCAT (21 countries) 1990-2009 6 117 757 18.2 (2000-2009) 2.20 (LB 1.12, ToP 1.08)
  Wellesley et al[6] EUROCAT (21 countries) 2000-2006 2 354 668 - 2.30
UK+Australia

  Savva et al[3] UK+Australia (BINOCAR) 1989-2004 4.5 million - 1.53 (1989-1996)
1.94 (1997-2004)

North America
  Cocchi et al[4] ICBDSR

  (USA+Canada+Europe +Australia)
1993-2004 1.5 million/y 14.5 (1993)

22.7 (2004)
1.31 (LB 0.93, ToP 0.48)
1.82 (LB 0.83, ToP 0.99)

  Parker et al[5] NBDPN, USA 2004-2006 3 120 605 - 1.45
Asia

  Jou et al[7] Taiwan of China 1993-2001 1 331 616   4.8 (1993)
  8.3 (2001) 0.49-0.89 (LB 0.14-0.63)

  Wang et al[8] China (Fudan, Futuo) 2001-2004 15 120 - 1.60

  Takeuchi et al[10] Japan 1980-1989
1990-1999

60 592
47 574 - 1.34

1.74
Thailand
  Siripoonya et al[11] Ramathibodi Hospital, Bangkok 1969-1978 46 276 - 0.89
  Dissaneevate et al[12] Songklanagarind Hospital, Songkhla 1988-1999 27 061 - 1.07
  The present study Southern Thailand

  (Songkhla, Phatthalung, Trang) 2009-2013 186 393 57.7 1.21 (LB 0.80, ToP 0.41)

Table 4. Prevalence of Down syndrome in various countries

BINOCAR: British Isles Network of Congenital Anomaly Registers; EUROCAT: European Surveillance of Congenital Anomalies; ICBDSR: 
International Clearinghouse for Birth Defects Surveillance and Research; NBDPN: The National Birth Defects Prevention Network; LB: live 
births; ToP: termination of pregnancy; UK: United Kingdom; USA: The United States of America.
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aged under 35 years whereas most DS fetuses detected 
by prenatal screening in mothers aged at and over 35 
years were subsequently terminated. The percentage 
of prenatal diagnosis of DS and ToP varied in each 
province depending on the availability of amniocentesis. 
In Phatthalung, amniocentesis for prenatal diagnosis was 
implemented before 2009 and in 2013 this procedure 
was successfully performed in over 90% of pregnant 
women aged at and over 35 years, whereas in Trang 
province prenatal diagnosis was only introduced in 2013.  
The increased availability of prenatal DS screening and 
subsequent terminations of pregnancy during the past few 
years resulted in a lower DS live birth prevalence than the 
actual prevalence. In our study, the live birth prevalence 
of DS decreased from 0.95 to 0.58 per 1000 births during 
the years 2009 to 2013. In Singapore, the live birth 
prevalence of DS decreased from 1.17 to 0.89 per 1000 
births from 1993 to 1998 due to antenatal diagnosis and 
elective abortion.[24] Failure to include these cases and 
count only registered live births and stillbirths in any birth 
defects surveillance system will result in inaccurately low 
DS prevalence rates since the frequency of ToP following 
prenatal diagnosis of congenital anomalies has been 
increasing. Accurate estimations of the prevalence of 
DS in each maternal age group, particularly mothers 
in the younger age groups, are needed for calculating 
risks and benefi ts for prenatal screening programs, and 
for predicting the impact of changes in the maternal age 
distribution on the prevalence of DS. However, new 
technologies to detect fetal chromosome abnormalities 
are available such as prenatal chromosome microarray 
and noninvasive prenatal testing which have higher 
detection rates, high accuracy and specificity than the 
cytogenetic testing which can increase the availability 
of ToP and reduce the overall prevalence of DS births in 
any maternal age group. However, the cost-effectiveness 
of these methods has to be further evaluated.[25-27]

This current study had some notable strengths 
and limitations. The strength was that our calculation 
of the birth prevalence of DS was probably a close 
estimate of the true incidence in the study areas, for 
the following reasons. First, the surveillance system 
was population-based and covered >95% of pregnant 
women in all public and private hospitals, thus 
eliminating any possible selection bias. Moreover, the 
data of the prospective survey were rechecked by the 
retrospective study from both hospital levels by medical 
personnel. Second, we had access to data for all 
pregnancy outcomes, including termination following 
prenatal diagnosis of a birth defect, as well as live 
births and stillbirths. The limitations of our study were 
first that about 10% of our DS children did not have 
a chromosome study done to confirm the diagnosis; 
however, the typical facial appearance and delayed 

development of DS children from mothers at and over 
35 years of age are characteristic for clinical diagnosis 
of DS, and the possible misdiagnosis rate of such cases 
would be very low, if any at all. Second, some data 
might not complete, even though this was a prospective 
population-based study, as the total numbers of stillbirths 
may not have been recorded in some smaller hospitals, 
which could have resulted in an incomplete number of 
total pregnancies in the denominators of the affected 
calculations. However, such numbers, if any, would have 
been so small that they would not make any important 
difference to the prevalence rate. Third, chromosome 
studies were not performed in stillbirths cases in which 
chromosome abnormalities might have been detected, 
which might then have resulted in lower prevalence rates 
of DS in our study.

In summary, our study using birth defects registry 
system in southern Thailand shows the prevalence of 
DS 1.21 per 1000 births and the prevalence signifi cantly 
increases with maternal age. A birth defects registry 
should be implemented nationwide as a national policy 
to allow researchers to study the prevalence and the risk 
factors of the major congenital birth defects.

Acknowledgements
This research was supported by the Birth Defects Association 
(Thailand) and the Thai Health Promotion Foundation. The 
authors gratefully thank the staff of the 466 hospitals for their 
assistance with data collection. The authors thank Mr. David 
Patterson from the International Affairs Offi ce in the Faculty of 
Medicine, Prince of Songkla University, for editorial help.

Funding: Birth Defects Association (Thailand) and Thai Health 
Promotion Foundation.
Ethical approval: Ethics Committee of the Faculty of Medicine, 
Prince of Songkla University.
Competing interest: None.
Contributors: Jaruratanasirikul S contributed to the concept and 
design, data collection, analysis, interpretation, and manuscript 
preparation. Kor-anantakul O, Chowvichian M, Limpitikul 
W, Dissaneevate P, Intharasangkanawin N, Sattapanyo A, 
Pathompanitrat S collected the data. Sriplung H analyzed the 
data.

References
1 Boyd PA, Khoshnood B, Loane M, Garne E, Dolk H, and 

the EUROCAT working group. Survey of prenatal screening 
in Europe for structural malformations and chromosome 
anomalies, and their impact on detection and termination 
rates for neural tube defects and Down's syndrome. BJOG 
2008;115:689-696.

2 Loane M, Morris JK, Addor M-C, Arriola L, Budd J, Doray B, et 
al. Twenty-year trends in the prevalence of Down syndrome and 



69

Prevalence of Down syndrome in Southern Thailand

O
riginal article

World J Pediatr, Vol 13 No 1 . February 15, 2017 . www.wjpch.com

other trisomies in Europe: impact of maternal age and prenatal 
screening. Eur J Hum Genet 2012;21:27-33.

3 Savva GM, Walker K, Morris JK. The maternal age-specifi c live 
birth prevalence of trisomies 13 and 18 compared to trisomy 21 
(Down syndrome). Prenat Diag 2009;30:57-64.

4 Cocchi G, Gualdi S, Bower C, Halliday J, Jonsson B, Myrelid A, 
et al. International trends of Down syndrome 1993-2004: births 
in relation to maternal age and terminations of pregnancies. Birth 
Defects Res (Part A) 2010;88:474-479.

5 Parker SE, Mai CT, Canfield MA, Rickard R, Wang Y, Meyer 
RE, et al. Updated national birth prevalence estimates for 
selected birth defects in the United States, 2004-2006. Birth 
Defects Res (Part A) 2010;88:1008-1016.

6 Wellesley D, Dolk H, Boyd PA, Greenlees R, Haeusler M, 
Nelen V, et al. Rare chromosome abnormalities, prevalence 
and prenatal diagnosis rates from population-based congenital 
anomaly registers in Europe. Eur J Hum Genet 2012;20:521-
526. 

7 Jou HJ, Kuo YS, Hsu JJ, Shyu MK, Hsieh TT, Hsieh FJ. The 
evolving national birth prevalence of Down syndrome in Taiwan. 
A study on the impact of second-trimester maternal serum 
screening. Prenat Diag 2005;25:665-670.

8 Wang YY, Luo J, Zhu MW, Liu LN, Ma X. Second-trimester 
double or triple screening for Down syndrome: a comparison 
of Chinese and Caucasian populations. Int J Gynecol Obstet 
2006;94:67-72.

9 Leung TY, Chan LW, Leung TN, Fung TY, Sahota DS, Spencer 
K, et al. First-trimester combined screening for trisomy 21 in a 
predominantly Chinese population. Ultrasound Obstet Gynecol 
2007;29:14-17.

10 Takeuchi A, Ehara H, Ohtani K, Maegaki Y, Nanba Y, Nagata I, 
et al. Live birth prevalence of Down syndrome in Tottori, Japan 
1980-1999. Am J Med Genet Part A 2008;146A:1381-1386.

11 Siripoonya P, Tejavej A. Congenital abnormalities in the early 
neonatal period: ten years incidence at Ramathibodi Hospital. J 
Med Assoc Thai 1980;63:544-547.

12 Dissaneevate S, Jaruratanasirikul S, Chanvitan P, Janjindamai 
W. Congenital malformations of newborns at Songklanagarind 
Hospital. Songkla Med J 2003;21:267-276.

13 Hanprasertpong T, Kor-anantakul O, Prasartwanakit V, 
Leetanaporn R, Suntharasaj T, Suwanrath C. Outcome of 
second trimester amniocentesis in singleton pregnancy at 
Songklanagarind Hospital. J Med Assoc Thai 2011;94:1288-
1292.

14 Pruksanusak N, Suwanrath C, Kor-anantakul O, Prasartwanakit 
V, Leetanaporn R, Suntharasuj T, et al. A survey of the 
knowledge and attitudes of pregnant Thai women towards Down 
syndrome screening. J Obstet Gynecol Res 2009;35:876-881.

15 Mason CA, Kirby RS, Sever LE, Langlois PH. Prevalence is the 
preferred measure of frequency of birth defect. Birth Defects Res 
A Clin Mol Teratol 2005;73:690-692.

16 Statistical Forecasting Bureau, National Statistical Office, 
Ministry of Information and Communication Technology, 
Thailand. Key Statistics of Thailand 2012. [internet]. Available 
from http://service.nso.go.th/nso/nsopublish/pubs/pubsfiles/
Key55_T.pdf (accessed September 14, 2014).

17 Kajii T. Predicted prevalence of Down syndrome live births in 
Japan 1970-2006. Am J Med Genet A 2008;146A:1387-1388.

18 Breart G. Delayed childbearing. Eur J Obstet Gynecol Reprod 
Biol 1997;75:71-73.

19 Olsen CL, Cross PK, Gensburg LJ. Down syndrome: interaction 
between culture, demography, and biology in determining the 
prevalence of a genetic trait. Hum Biol 2003;75:503-520.

20 Shin M, Besser LM, Kucik JE, Lu C, Siffel C, Correa A. 
Prevalence of Down syndrome among children and adolescents 
in 10 regions of the United States. Pediatrics 2009;124:1565-
1571.

21 Adams M, Erickson J, Layde P, Oakley G. Down's syndrome 
recent trends in the United States. JAMA 1981;246:758-776.

22 Nagaishi M, Yamamoto T, Iinuma K, Shimomura K, Berend 
SA, Knops J. Chromosome abnormalities identified in 347 
spontaneous abortions collected in Japan. J Obstet Gynecol Res 
2004;90:237-241.

23 Menasha J, Levy B, Hirschhorn K, Kardon NB. Incidence 
and spectrum of chromosome abnormalities in spontaneous 
abortions: new insights from a 12-year study. Genet Med 
2005;7:251-263.

24 Lai FM, Woo BH, Tan KH, Huang J, Lee ST, Yan TB, et al. Birth 
prevalence of Down syndrome in Singapore from 1993 to 1998. 
Singapore Med J 2002.43:70-76.

25 Hillman SC, McMullan DJ, Hall G, Togneri FS, James N, Maher 
EJ, et al. Use of prenatal chromosomal microarray: prospective 
cohort study and systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 2013;41:610-620.

26 Lau TK, Cheung SW, Lo PS, Pursley AN, Chan MK, Jiang 
F, et al. Non-invasive prenatal testing for fetal chromosomal 
abnormalities by low-coverage whole genome sequencing of 
maternal plasma DNA: review of 1982 consecutive cases in a 
single center. Ultrasound Obstet Gynecol 2014;43:254-264.

27 Wax JR, Cartin A, Chard R, Lucas L, Pinette MG. Noninvasive 
prenatal testing: impact on genetic counseling, invasive 
prenatal diagnosis and trisomy 21 detection. J Clin Ultrasound 
2014;43:1-6.

Received April 8, 2015
Accepted after revision June 22, 2015


