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Abstract

Background: There currently exists no data on birth defects from population-based studies in Vietnam. Our study's
aim was to assess external birth defect (EBD) prevalence among live newborns in Binh Thuan Province in Vietnam
with the help of health workers at all levels of the health system.

Methods: A 2-month training session for 452 health professionals (HP) practicing delivery care in 127 Commune
Health Stations (CHS) and in 12 provincial or district hospitals (DH) was setup in 2006. After a successful 6-month
pilot study, a one-year registry of EBDs was established in 2008. All live newborns were screened for EBDs within
24 hours after birth in all DH obstetric departments and in all CHSs. Trained local HPs collected information by
filling out a predesigned form and by photographing the affected newborn. EBDs were coded using the
International Classification of Diseases system-10, Clinical Modification. The study was repeated in 2010.

Results: Throughout 2010, out of a total of 13,954 newborns, 84 cases with one or more EBDs were reported,
representing an overall prevalence rate of 60.2 per 10,000 live births. The most common groups of EBDs were limbs
(27.2/10,000), orofacial clefts (20.1/10,000) and the central nervous system (7.9/10,000).

Conclusions: This first population-based study in Vietnam, which required coordination efforts at the local level,
provides baseline prevalences of external birth defects. Data on EBDs from this study in southern Vietnam may be
useful for setting up a regional population-based registry of birth defects in Vietnam.

Keywords: Birth defect, External birth defect, Population-based study, Southern of Vietnam, Live births, ICD-10,
Limbs defect, Orofacial clefts
Background
The toll of birth defects worldwide has been recognized
as a severe public health problem. Birth defects, affecting
2-3% of all infants, are a major cause of perinatal mortal-
ity and childhood morbidity in both developed and de-
veloping countries [1–5].
Many studies have reported the prevalence of con-

genital anomalies in developed countries. Available data
on this matter is very rare, however, in developing
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countries. Moreover, the few studies available are based
on hospital births over a period of time rather than on a
population [1,6–8].
At the present time, there are only two organizations in

cooperation with the WHOs Human Genetics Programme
in order to establish a registry of birth defects. These orga-
nizations are: the International Clearinghouse for Birth
Defects Surveillance and Research (ICBDSR), which has
46 members representing 31 countries spread across the
five continents [9], and the European Registration of Con-
genital Anomalies and Twins (EUROCAT), which has
43 members in 23 countries [10].
EUROCAT registries follow standardized guidelines and

use multiple-source case ascertainment methods. They
include all infants, including still births (from 20 weeks
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gestation), with anomalies diagnosed within the first year
of life. Most major birth defect types are included. Ter-
mination of pregnancy for foetal anomaly (TOPFA) is
also included. The criteria that must be met by registries
participating in EUROCAT include a definition of the
population, data collection and ascertainment, definition
and coding of defects, calculation of prevalence rates, and
confidentiality [8].
There is currently no data on birth defects available at

the population level in Vietnam. The country is lacking
an organization that is responsible for the registry or
surveillance of birth defects. However, Vietnam has strong
policies that seek to provide equitable healthcare for its
people, as well as a good primary healthcare structure.
EBD surveillance is therefore possible.
Binh Thuan is a rural province located along the south-

eastern coast of Vietnam, with a population of approxi-
mately 1.1 million on an area of 7,992 km2, divided over
127 administrative communes. The population is over
90% Kinh ethnicity, which is the predominant ethnic
group in Vietnam. As presented in Figure 1, Binh Thuan
has an organizational health care structure at three levels:
provincial or central health centers, district health centers
and commune health stations (CHS).
All CHSs provide obstetric and mother-and -child

healthcare, and implement prevention programs such as
immunization and health promotion. However, there is
less than one physician per CHS and most deliveries are su-
pervised by midwives. Binh Thuan does not have a program
for prenatal diagnosis at any level of healthcare. The good
structure of healthcare at all levels, good access to primary
care and a stable population representing the country's
major ethnic group were all suitable conditions for
BINH THUAN HEA

Provincial, central hospitals
(n=3; N=201)

Commune health 
stations

(n=127; N=94)

District hospitals 
(n=9; N=173) 

Figure 1 Structure of Binh Thuan’s health care system.
implementing a population-based program for a birth de-
fect registry within a population from the grassroots level
to the topmost level of health care in Binh Thuan province.
Our study's aim was to assess EBD prevalence among

live newborns in Binh Thuan Province in Vietnam with the
help of health workers at all levels of the health system.

Methods
A 2-month training session for 452 HP practicing delivery
care in 127 Commune Health Stations (CHS) and in 12
provincial or district hospitals (DH) was setup in 2006.
After a successful 6-months pilot study, a one-year regis-
try of EBDs was established in 2008. After a few modifica-
tions in the setup, we conducted a whole registry in 2010.
In order to be included in this study, (1) the mother

had to reside in the province, (2) the mother had to sign
a consent form for enrolment in the study, (3) gesta-
tional age had to be at least 22 weeks, and (4) the baby
had to be alive at birth.
All live births were physically examined to detect EBDs

within 24 hours after birth in all DH obstetric depart-
ments and in all CHSs. When an EBD was suspected, a
detailed clinical description of the EBD was collected and
a photo of EBD was taken by a trained local health
professional.
Trained local HPs collected information by filling out

a predesigned form and by photographing the affected
newborn. An external birth defects atlas and a manual
for detecting EBDs in newborns were provided to each
HP during training.
Data collection was performed by means of a structured

form which contained three parts. The first part inquired
on the mother's demographic profile, on medical and
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obstetric history, as well as on complications during the
present pregnancy and labour. The second part pertained
to neonatal characteristics, including sex, the Apgar score,
gestational age, birth weight, head circumference, length,
and history of birth defects in siblings. Finally, the third
part was composed of a checklist for diagnosed congenital
anomalies.
Birth-weight measurements were obtained at delivery

using a scale (Testut, Paris, France) that was accurate to
10 grams. Infants were fully unclothed and in the supine
position. Recumbent length was measured with a baby
board (UNICEF) and recorded to the nearest 0.1cm. A
non-flexible plastic tape was used for measuring head
circumference of the newborns and the result was also
recorded to the nearest 0.1 cm. The two latter measure-
ments were obtained within 24 hours after delivery. The
methods of measurements used were based on the rec-
ommendation of the WHO [11]. Absolute poverty certif-
icates or poverty certificates, housing type, and personal
income per month were used to classify maternal eco-
nomic status.
EBDs were coded using the International Classification

of Diseases system-10, Clinical Modification (ICD10-CM)
[12] and common EBDs were pictured in an atlas along
with a brief description of the defect.
Instructions for photographing and describing EBDs

are contained in the manual. The manual also describes
the technique for screening for EBDs in newborns dur-
ing the physical exam.
All data (collection forms and photos of EBD cases) on

live births were rechecked and entered into a Microsoft
Excel sheet by a local trained data processor (a local health
professional) before sending monthly data to a processing
center at the Provincial Health Service.
All photographs with a written description of an EBD

were reviewed and classified by one of the authors (Y.G)
who is a Belgian expert in clinical genetics. In case of dis-
agreement between the expert’s diagnosis and the local
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Figure 2 Histogram of maternal ages at delivery.
coding, the photograph and the written description were
reviewed and discussed with local paediatric physicians.
The team decided the most likely diagnosis as a group.
Statistical analyses were performed using the STATA

statistical software.
Total prevalence was calculated by dividing the nu-

merator (EBDs) by the relevant denominator (total live
births) for the same period of time at the same place.
A newborn with multiple external defects was counted

as one case unit for analysing birth defect case characteris-
tics. When a newborn had more than one defect, each de-
fect was counted as one unit when specific analyses for
that particular defect or for system defect were performed.
As a result, numerically adding up the number of defects
could exceed the number of cases with defects.
The birth defect registry project was approved by the

Binh Thuan Provincial Health Service and the Pham Ngoc
Thach University Ethical Review Committee, Hochiminh
City, Vietnam. All mothers provided written informed
consent for themselves and for their baby prior to enrol-
ment in the study, and consent to photograph was
obtained from the parents of an affected newborn.

Results
Maternal socio-demographic characteristics
In 2010, a total of 13,954 newborns were registered, corre-
sponding to a birth rate of 12.7 per one thousand people.
The number of mothers was 13,877 because there were
71 pairs of twins (5.12 / 1,000 mothers) and 3 triple births
(0.17 / 1,000 mothers). A caesarean section was performed
for 17% of the deliveries.
Mean maternal delivery age was 26.3 ± 5.5 years

(mean ± SD) with a range of 13–50 years (Figure 2).
1.8% of mothers were aged over 40 years. 1,171 mothers

(8.4%) were younger than 20 years, including 16 mothers
who were 13 to 15 years.
Regarding maternal gravidity, gravidity 2–3 accounted

for about half of mothers. Primigravida accounted for
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7.5

1.8

30 – 34 35-39 40

ge group (years)



9.1%

1.3%

6.8%

34.8%

44.8%

0.9%

1.4%
0.9%

Office worker  

Agricultural chemical products seller

Factory worker 

Farmer 

Fisher

Forestry worker  

House wife        

Other 
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about a third (33.8%) of mothers and gravidity was 4 or
more in 13.0%.
Figure 3 shows the distribution of professional activity

of the mothers. Housewife and farmer accounted for
over 80% of the mothers' occupations.
Half of the mothers had a secondary school or higher

education degree, and 3.4% of mothers were illiterate
(Figure 4).
There were about 2% of mothers living in absolute

poverty, 7% of mothers living in poverty, and over 90%
of mothers living in a better economic status.
Over 92% of mothers were from the Kinh ethnic

group, and 70% of mothers lived in rural areas. Previous
miscarriage was reported by 5% of mothers. Four babies
were born from a mother in a consanguineous marriage
(2.9/10,000 live births).
3.4%

20.7%

50.4%

25.5%

Figure 4 Distribution of maternal education level.
Neonatal characteristics
There were 7,209 boys and 6,743 girls (sex ratio = 1.07).
Two newborns had an indeterminate sex. The mean birth
weight was 3,116 ± 432 g (mean ± SD) with a range of
400–5,300 g. Low birth weight accounted for 5% all live
births. The mean gestational age for live births was 39.4 ±
1.6 weeks. About 8.2% of live births were premature. The
mean birth length was 49.9 ± 2.3 cm (mean ± SD) with a
range of 22–60 cm. The mean head circumference at birth
was 32.6 ± 1.9 cm (mean ± SD) with a range of 16–60 cm
for all live births. An Apgar score below 7 was observed in
6.4% of live births.

External birth defect characteristics
There were 84 cases with one or more EBDs, representing
an overall prevalence rate of 6.02 per 1,000 live births. In
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Figure 5 Distribution of the prevalence of external birth defect by maternal age at delivery.
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terms of sex distribution, 47.6% of the birth defect cases
were boys (n=40), and 50.0% were girls (n=42).2.4% had
ambiguous genitalia (n=2).
For mothers giving birth to a baby with external birth

defects, the mean maternal delivery age was 27.0 ± 6.2
years (mean ± SD), with a range of 17–40 years.
The under 20 age group (9.39/1,000 mothers) and the

35–39 year age group (11.53/1,000) showed a 2.37 (95%
CI: 1.09 - 4.95) and 2.91 (95% CI: 1.37 - 5.98) fold higher
prevalence of overall external birth defects when com-
pared to the 25–29 year age group (3.97/1,000), respec-
tively (Figure 5).
Table 1 Relationship between prevalence of external birth de

Maternal characteristics External birth defec

Gravidity

1 41 (44.8

2 -3 28 (33.3

≥ 4 15 (17.9

Education level

Illiteracy 7 (8.3)

Primary school (6-10 years) 14 (16.7

Secondary school (11–14 years) 41 (48.8

High school or higher education (≥ 15 years) 22 (26.2

Economic status

Very poor 3 (3.6)

Poor 9 (10.7

Well 70 (83.3

Well-to-do 2 (2.4)

Occupation of mother

Farmer and agricultural chemical product sellers 35 (31.6

Other 49 (63.9

* Trend test p-value; ¥ PR: Prevalence ratio.
External birth defects among women with primigravida
and gravida 4 or more were 2.3 (95% CI: 1.43 - 3.70) and
2.2 (95% CI: 1.17 - 4.08) times higher than in women with
gravida 2 or 3, respectively.
Regarding the maternal education level, the prevalence

of EBDs was highest in the illiteracy group, and similar
in other groups. Table 1 shows that the prevalence of
EBDs decreased with increasing maternal economic sta-
tus (trend test p-value = 0.03).
The prevalence ratio (PR) of EBDs between literate

mothers and illiterate mothers was 2.81 (95% CI: 1.02 -
5.76).
fects and selected maternal characteristics

ts n = 84 (%) Prevalence/ 1,000 mothers PR¥ 95% CI

p= 0.06*

) 8.75 2.31 1.43 – 3.75

) 3.79 1 -

) 8.29 2.18 1.15 – 4.04

p= 0.78*

15.05 2.42 1.06 – 5.49

) 4.87 0.78 0.41 – 1.51

) 5.86 0.94 0.57 – 1.60

) 6.22 1 -

p= 0.03*

13.82 3.50 0.71 – 17.44

) 9.33 2.36 0.58 – 9.69

) 5.74 1.46 0.43 – 5.39

3.94 1 -

p = 0.39*

) 5,003 1.37 0.82 – 1.95

) 8,874 1 -



Table 3 Distribution of external birth defects across level
of health care

Level of health care All live births Overall external birth defects

N = 13,954 (%) n = 84 (%) Per 1,000
live births

Central hospital 9,026 (64.7) 58 (69.0) 6.43

District hospital 2,803 (20.1) 16 (19.1) 5.71

Commune health station 2,125 (15.2) 10 (11.9) 4.71
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The EBD prevalence was higher in mothers with a his-
tory of miscarriage (9.40/1,000 live births vs. 6.37/1,000
live births for mothers without a previous miscarriage),
in mothers who had a caesarean section (7.37/1,000 vs.
5.8/1,000 for mothers who delivered vaginally), in Kinh
mothers (6.29/1,000 vs. 4.09/1,000 for other ethnicities),
and in rural resident mothers (6.26/1,000 vs. 5.67/1,000
for urban resident mothers). These differences, however,
were not significant between groups (Table 2).
The mean birth weight was 2,802 ± 593 g (mean ± SD)

with a range of 1,000-4,300 g for babies presenting external
birth defects. External birth defects were 4.75 times (95%
CI: 2.81 - 8.03) more frequent among live births with low
birth weight than among live births who weighed more
than 2,500 g.
The mean gestational age for live births was 38.2 ± 3.5

weeks (mean ± SD) for babies with external birth defects.
Babies born at less than 37 weeks of gestation were 2.09
times (95% CI: 1.17 - 3.27) more likely to have an external
birth defect than babies born at 37 weeks or more.
EBDs were 4.89 times (95% CI: 2.95 – 7.87) more fre-

quent among newborns with an Apgar score under 7 points
at five minutes than among newborns with an Apgar score
of 7 or more.
The mean birth length was 48.2 ± 4.2 cm (mean ± SD)

with a range of 33–60 cm. The mean head circumference
at birth was 31.4 ± 5.7 cm (mean ± SD) with a range of
16–60 cm for babies with external birth defects. There
were no external birth defects in newborns from mothers
in a consanguineous marriage (Table 3).
Regarding level of health care, about one in seven

(15.2%) infants was born outside of a hospital (Figure 6).
The most commonly encountered group of anomalies

were limbs, which accounted for 27.2/10,000 live births,
followed by orofacial clefts (20.1/10,000) and the central
nervous system (7.9/10,000). Prevalence at birth for se-
lected external birth defects is shown in Table 4 together
Table 2 Relationship between prevalence of external
birth defects and selected live births characteristics

Live births
characteristics

External birth
defects

n = 84 (%)

Prevalence
1,000

live births

PR 95% CI P value

Birth weight

< 2500g 17 (20.2) 23.55 4.75 2.81 – 8.03 <0.001

≥ 2500g 67 (79.8) 5.06 1 -

Gestational age

< 37 weeks 13 (15.5) 11.61 2.09 1.17 – 3.27 0.012

≥ 37 weeks 71 (84.5) 5.57 1 -

AFGAR score at 5 minutes

< 7 21 (25.0) 23.60 4.89 2.95 – 7.87 <0.001

≥ 7 63 (75.0) 4.82 1 -
with prevalences reported by full member EUROCAT
registries, Belgium and Taiwan.
The prevalence of EBDs in Binh Thuan province was

close to Taiwan data and not far from EUROCAT or
Belgian data for most external birth defects. No cases of
spinabifida were detected in our study.
Discussion
The prevalence of birth defects can be influenced by
many factors including case definition, TOPFA, the time
of observation after birth, population study methods,
case ascertainment methods and reporting and statistical
procedures used [13–16].
Termination of pregnancy is legal up to 22 weeks in

Vietnam, but reporting of pregnancy termination is not
required. However, prenatal diagnosis does not exist in our
study's population. We therefore believe that the reason
for termination of pregnancy in Binh Thuan is rarely an ex-
ternal birth defect. Consequently, TOPFA most likely does
not have an influence the prevalence of the birth defects.
We found that the prevalence of EBDs across the

age distribution tended to be a U-shaped curve; preva-
lence dropped substantially for women over 40 years of
age and only marginally for other age groups. For non-
chromosomal defects, the U-shaped pattern of prevalence
across maternal age has been documented by many au-
thors [7,15,17].
In this study, the relationship between maternal educa-

tion and an EBD did not necessarily mean that maternal
education itself was a risk factor for EBDs. Educational
qualification most probably determines socio-economic
level and/or occupation and prenatal care behavior. It
is therefore conceivable that education might affect the
occurrence of EBDs indirectly [18].
Most reported associations between occupational expo-

sures and adverse reproductive outcomes in epidemio-
logical studies are equivocal and often controversial [19].
Significant association of occupational pesticide exposure
and all birth defects were reported by Nurminen, et al. from
a study in Finland [20], and by Restrepo et al. in Colombia
[21]. Our findings show that the prevalence of EBDs
was not significantly different between women involved
in agricultural activities and/or working as an agricultural
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chemical products seller and mothers involved in another
occupation.
Our results show an increased prevalence of external

birth defects occurring among mothers with either primi-
gravida or gravida over 4.
According to Swain et al., infants born to gravida 4 or

more mothers have higher rate of birth defects when com-
pared to mothers of lower gravidity [22]. Tan et al. reported
that the prevalence of birth defect increased with birth
order [23].
The relationship between the mother’s age at delivery

and gravidity may be one possible explanation for the
high rate of EBDs at both extremes of maternal gravidity
in the present study.
This study demonstrates that birth defects are signifi-

cantly associated with preterm birth and low birth weight.
Although preterm and low birth weight infants are more
likely to have birth defects, the effect of birth defects on
preterm birth and low birth weight has been difficult to
study because of multiple confounding risk factors [24,25].
Many studies have documented male preponderance

in birth defects [26,27]. However, in the present study, a
very slight female preponderance was found (42 females
versus 40 males).
As expected, the overall prevalence of EBDs in our study

(6.02 per 1000 live births) was lower than the EUROCAT
(25.53/1000) and Belgian (23.11/1000) registries [11] be-
cause the present study reported only EBDs detected within
24 hours after birth. Our finding was similar to the
prevalence rate in Taiwan, which is 7.3/1000 births. In
Taiwan, EBDs were detected within a few days after birth
[26].
When considering the type of external birth defect,

limb defects, nervous system defects, orofacial clefts and
external genital system defects are by far among the most
common birth defects worldwide [28–31]. In the present
study, limb defects, orofacial clefts and central nervous
system defects were the three most common groups.
In our study, the most common limb defects were

clubfoot, polydactyly and limb reduction, respectively.
Club foot is the common type of limb defect. Prevalence

varies widely in among recent international reports. Ac-
cording to data from EUROCAT, the prevalence of clubfoot
was reported to be 10.31/10,000 total births for all mem-
bers, 11.21/10,000 in Belgium and varied from low (3.22
per 10,000) to high (18.00 per 10,000) in Ukraine and
Saxony-Anhalt (Germany), respectively [10]. In recent stud-
ies in the United States, Parker et al. reviewed data from
the 10 population-based birth defect surveillance programs
(6,139 cases of clubfoot) to better estimate the prevalence
of clubfoot and found the overall prevalence of clubfoot to
be 19.2 per 10,000 live births [32]. Boo et al. reported an in-
cidence of clubfoot in Malaysia at 45 per 10,000 live births
[33]. In our study's group, club foot was the second most
common EBD and the prevalence of 12.18/10,000 live
births fell within the range reported for other registries.
Polydactyly is a major group. It is a defect that is easily

detectable after birth and is an isolated finding in 85% -



Table 4 Prevalence of selected birth defects (per 10,000
live births) in Vietnam in comparison to the prevalences
reported by full member EUROCAT registries, Belgium
and Taiwan

Congenital anomalies
subgroups

Vietnam Full member
EUROCAT+

Belgium+ Taiwan*

Nervous system

Neural Tube Defects

Anencephalus
and similar

3.58 3.50 3.16 1.07

Encephalocele 0.72 1.11 1.42 0.37

Spinabifida 0 4.74 4.89 0.58

Hydrocephaly 1.43 5.31 5.52 3.55

Microcephaly 2.15 2.37 1.74 0.58

Arhinencephaly/
holoprosencephaly

0 0.85 1.26 nr

Ear

Anotia 0.72 0.34 0.47 nr

Microtia 2.15 nr nr nr

Respiratory

Choanal atresia 0.72 0.79 0.95 0.21

Orofacial clefts

Cleft lip with or
without palate

14.33 8.63 12.00 12.80

Cleft palate 5.37 5.59 3.59 4.67

Abdominal wall defects

Gastroschisis 1.43 2.82 1.89 1.20

External genital system

Hypospadias 0.72 17.51 10.58 3.35

Indeterminate sex 1.43 0.59 0.63 0.99

Limb

Limb reduction 4.30 5.05 5.05 3.22

Club foot 12.18 10.31 11.21 4.42

Polydactyly 6.45 8.69 6.79 7.97

Syndactyly 2.87 5.23 6.95 4.34

Other limb defects 1.43 nr nr nr
+ EUROCAT http://www.eurocat-network.eu/accessprevalencedata/
prevalencetables. Date access 03/11/2013; * Data from reference 13; nr:
none reported.
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88% of cases [34]. Our polydactyly prevalence of 6.45/
10,000 live births was comparable to other European
prevalence rates of 6.79/10,000 for Belgium, 6.80/ 10,000
for Paris, and 6.6/10,000 for Portugal respectively [10].
The prevalence of this birth defect is much higher in
China (22.4/10, 000) [34] and in Alberta, Canada (18.84/
10,000) [9]. Prevalence of polydactyly was reported to
be lower in Barcelona, Spain (3.06/10,000) [10] and in
Lombardy, Italy (5.82/10,000) [27].
Limb reduction is one of the most common types of

limb defects and accounts for 3.2 to 7.06 per 10,000
births in the literature [10,26,27]. This very visible birth
defect is symbolic because it launched the development
of congenital anomalies surveillance activities worldwide
after the thalidomide tragedy in the early 1960s. Limb
reduction prevalence was found to be 4.3/10,000 live
births among our newborns.
Orofacial clefts are among the most common of all

major birth defects. Orofacial clefts are usually obviously
visible immediately after birth.
Cleft lip with or without palate involved 20 out of

13,954 live births (14.33 per 10,000 live births), which is
similar to the prevalence in Northern Ireland (14.70 per
10,000 live births) [10,27,35], lower than in Pakistan
(19.10 per 10,000) [36] but higher than in full member
EUROCAT registries (8.63 per 10, 000) [10], in Norway
(10.9 per 10,000) [37], China (18.9 per 10,000) [38] and
Korea (10.3 per 10,000) [39].
According the international perinatal database report on

typical oral clefts, the prevalence of cleft lip with or without
cleft palate from 54 registries in 30 countries over at least 1
complete year during the period 2000 to 2005 was 9.92 per
10,000 births, which was lower than our finding [40].
Isolated cleft palate is very difficult to detect prenatally

due to shadowing artefacts from amniotic bands or other
overlying structures.
The prevalence of 5.37 per 10,000 live births for cleft

palate in this study was comparable to those observed in
the full member EUROCAT registry (5.59 per 10,000) [10]
and in Lombardy, Italy (5.82/10,000) [27]. Our figure was
slightly higher than those reported in Taiwan (4.67 per 10,
000) [41], and in Belgium (3.59 per 10,000) [10], but lower
than those reported in Wessex, United Kingdom (10.0/
10 000) and in Ireland (7.21/10,000) [9].
Neural tube defects can be categorized as either anen-

cephalus or similar (lack of closure in the head region) or
spinabifida (lack of closure below the head). The two major
categories of neural tube defects occur in approximately
equal frequencies at birth [13,42].
Our data revealed that the prevalence for anencephalus

or similar was 3.58 per 10,000 live births. This figure is
comparable to that of the full member EUROCAT registry
(3.50/10,000) and Belgium (3.16/10,000) [10]. In contrast
with the relatively high frequencies of anencephaly, we did
not observe any spinabifida in the present study or in the
pilot study in 2008 with 16,593 births. The explanation for
the absence of spinabifida cases in our study is complex. It
may be due in part to the small sample size, the diagnostic
technique used, and/or genetic factors.
As expected, the prevalence of hydrocephaly in our

study (1.43/10,000 live births) was low compared to the
full member EUROCAT registry (5.31/10,000), Belgium
(5.52/10,000) and other registries [10,26,27,29,39]. Hydro-
cephaly is a malformation that is easier to diagnose by
prenatal ultrasound scanning. It is not often obvious at

http://www.eurocat-network.eu/accessprevalencedata/prevalencetables
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birth and is usually detected after birth by an increasing
head circumference that crosses percentiles on the growth
chart. We therefore believe that hydrocephaly was under-
diagnosed in our study.
Hypospadias is considered the most common congenital

malformation in the genitourinary system. Usually hypo-
spadias is detected at birth by a detailed examination of the
newborn or by abnormal flow of urine during urina-
tion. Experienced clinical personnel are required to detect
hypospadias. In our study, newborns were examined within
24 hour after birth by a local health provider with limited
expertise in hypospadias recognition. Thus the prevalence
of hypospadias was low (0.72/10,000 live births) compared
to other registries [10,27,29,39].
The prevalence of external birth defects was not differ-

ent between commune health stations and hospitals dem-
onstrating health workers' abilities in detecting EBDs at
commune health stations in Binh Thuan province.
Internal organ defects are not visible during a physical

exam or they are often asymptomatic, particularly during
the first 24 hours of life. In this study, since the exami-
nations were executed by simple measurements and
observations of the newborn, birth defects of internal or-
gans (e.g. digestive system heart and circulatory system,
internal urogenital system and certain domains of the
central nervous system) were undetected.

Conclusions
This first population-based study in Vietnam which re-
quired coordination efforts at the local level provides base-
line prevalence of external birth defects. External birth
defects can be diagnosed at birth; because our study was
able to diagnose the majority of external birth defects oc-
curring in Binh Thuan, the current data can be compared
to the prevalence data of other registries.
Data on EBDs from this study in southern Vietnam

may be useful in setting up a regional population-based
registry of birth defects in Vietnam.

Abbreviations
CHS: Commune health stations; DH: Provincial or District Hospitals;
EBDs: External Birth Defects; EUROCAT: European Registration of Congenital
Anomalies and Twins; HP: Health Professionals; ICD10-CM: International
Classification of Diseases System-10, Clinical Modification; ICBDSR: International
Clearinghouse for Birth Defects Surveillance and Research; TOPFA: Termination
of Pregnancy For Foetal Anomaly.

Competing interests
None of the authors of the above manuscripts has declared any conflict of
interest statement.

Authors’ contributions
TH participated in the design, carried out the study, performed the statistical
analyses and drafted the manuscript. RR, TDA and YG provided advice in the
design of the study and the analytical strategy and contributed to the
manuscript revision. NNVP helped in the data analysis and report. AR and
DNT are head of the project; they provided advice on the structure, the data
analysis and presentation, and supervised the manuscript redaction. No
author has any financial or private interest in this research project. There is
no organization sponsoring this research which is granted by the
Commission Universitaire pour le Développement (www.cud.be), which is a
public funding from the Belgian government. The corresponding author has
full access to all the data in the study and had final responsibility for the
decision to submit for publication. All authors read and approved the final
manuscript.
Acknowledgements
The study was supported by a grant from the Commission Universitaire pour
le Développement (CUD) program, Belgium (www.cud.be). We are very
grateful to Ti N.V, Nhon N.V, Hong L.V and their colleagues at Binh Thuan
province for their help and support on data collection.

Author details
1Pham Ngoc Thach University of Medecine, 86/2 Thanh Thai Street, District 10, Ho
Chi Minh City, Vietnam. 2Center for Human Genetics, Université catholique de
Louvain, Brussels, Belgium. 3Université catholique de Louvain, Institut de
Recherche Expérimentale et Clinique, Pôle de chirurgie expérimentale et
transplantation (CHEX), Brussels, Belgium. 4Université catholique de Louvain,
Institut de Recherche Expérimentale et Clinique, Pôle d’épidémiologie et
biostatistique (EPID) and Public Health School, Brussels, Belgium.

Received: 23 October 2012 Accepted: 22 April 2013
Published: 30 April 2013
References
1. Boyd PA, Haeusler M, Barisic I: EUROCAT Report 9: Surveillance of

congenital anomalies in Europe 1980-2008. Birth Defects Res A Clin Mol
Teratol 2011, 91 Suppl 1:S1.

2. Olbertz D, Voigt M, Straube S, Renz I, Steinbicker V, Potzsch S, et al:
Congenital malformations–a systematic cohort study from Mecklenburg-
Western Pomerania (Germany). Z Geburtshilfe Neonatol 2010, 214:243–248.

3. 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 A Clin Mol Teratol 2010,
88:1008–1016.

4. Petrini J, Damus K, Russell R, Poschman K, Davidoff MJ, Mattison D:
Contribution of birth defects to infant mortality in the United States.
Teratology 2002, 66(Suppl 1):S3–S6.

5. WHO: Management of birth defects and haemoglobin disorders: Report of a
joint WHO-March of Dimes Meeting. Geneva, Switzerland; 2006. 5-19-2006.

6. Agarwal SS, Singh U, Singh PS, Singh SS, Das V, Sharma A, et al: Prevalence
& spectrum of congenital malformations in a prospective study at a
teaching hospital. Indian J Med Res 1991, 94:413–419.

7. Hollier LM, Leveno KJ, Kelly MA, MCIntire DD, Cunningham FG: Maternal age
and malformations in singleton births. Obstet Gynecol 2000, 96:701–706.

8. Lechat MF, Dolk H: Registries of congenital anomalies: EUROCAT. Environ
Health Perspect 1993, 101(Suppl 2):153–157.

9. International Clearinghouse for Birth Defects Monitoring Systems: Annual
Report 2009. Rome, Italy: International Centre for Birth Defects; 2009. 1-1-2009.

10. EUROCAT: http://www.eurocat-network.eu/accessprevalencedata/
prevalencetables. Date access 03/11/2013.

11. WHO: Physical status: the use and interpretation of anthropometry. Geneva,
Switzerland; 1995.

12. WHO: ICD-10. International Classification of Diseases, 10th revision. Geneva,
Switzerland; 2004.

13. Au KS, Ashley-Koch A, Northrup H: Epidemiologic and genetic aspects of
spina bifida and other neural tube defects. Dev Disabil Res Rev 2010, 16:6–15.

14. Blomberg M, Selbing A, Kallen B: Congenital malformations in the
southeast of Sweden–a registry study with validation. Acta Paediatr 2000,
89:1238–1243.

15. Reefhuis J, Honein MA: Maternal age and non-chromosomal birth defects,
Atlanta–1968–2000: teenager or thirty-something, who is at risk?
Birth Defects Res A Clin Mol Teratol 2004, 70:572–579.

16. Stoll C, Alembik Y, Dott B, Roth MP: Impact of prenatal diagnosis on
livebirth prevalence of children with congenital anomalies. Ann Genet
2002, 45:115–121.

17. Croen LA, Shaw GM: Young maternal age and congenital malformations:
a population-based study. Am J Public Health 1995, 85:710–713.

http://www.cud.be
http://www.cud.be
http://www.eurocat-network.eu/accessprevalencedata/prevalencetables
http://www.eurocat-network.eu/accessprevalencedata/prevalencetables


Hoang et al. BMC Pediatrics 2013, 13:67 Page 10 of 10
http://www.biomedcentral.com/1471-2431/13/67
18. Shi LM, Chia SE, Chan OY, Chew SK, Foong BH: Prevalence of birth defects
and parental work in Singapore live births from 1994 to 1998: a
population-based study. Occup Med (Lond) 2002, 52:325–331.

19. Shi L, Chia SE: A review of studies on maternal occupational exposures
and birth defects, and the limitations associated with these studies.
Occup Med (Lond) 2001, 51:230–244.

20. Nurminen T, Rantala K, Kurppa K, Holmberg PC: Agricultural work during
pregnancy and selected structural malformations in Finland.
Epidemiology 1995, 6:23–30.

21. Restrepo M, Munoz N, Day NE, Parra JE, de Romero L, Nguyen-Dinh X:
Prevalence of adverse reproductive outcomes in a population
occupationally exposed to pesticides in Colombia. Scand J Work Environ
Health 1990, 16:232–238.

22. Swain S, Agrawal A, Bhatia BD: Congenital malformations at birth. Indian
Pediatr 1994, 31:1187–1191.

23. Tan KH, Tan TY, Tan J, Tan I, Chew SK, Yeo GS: Birth defects in Singapore:
1994-2000. Singapore Med J 2005, 46:545–552.

24. Mili F, Edmonds LD, Khoury MJ, McClearn AB: Prevalence of birth defects
among low-birth-weight infants. A population study. Am J Dis Child 1991,
145:1313–1318.

25. Rasmussen SA, Moore CA, Paulozzi LJ, Rhodenhiser EP: Risk for birth
defects among premature infants: a population-based study. J Pediatr
2001, 138:668–673.

26. CDC: Update on overall prevalence of major birth defects--Atlanta,
Georgia, 1978-2005. MMWR Morb Mortal Wkly Rep 2008, 57:1–5.

27. Tagliabue G, Tessandori R, Caramaschi F, Fabiano S, Maghini A, Tittarelli A,
et al: Descriptive epidemiology of selected birth defects, areas of
Lombardy, Italy, 1999. Popul Health Metr 2007, 5:4.

28. Dastgiri S, Imani S, Kalankesh L, Barzegar M, Heidarzadeh M: Congenital
anomalies in Iran: a cross-sectional study on 1574 cases in the
North-West of country. Child Care Health Dev 2007, 33:257–261.

29. Golalipour MJ, Ahmadpour-Kacho M, Vakili MA: Congenital malformations
at a referral hospital in Gorgan, Islamic Republic of Iran. East Mediterr
Health J 2005, 11:707–715.

30. Golalipour MJ, Mobasheri E, Vakili MA, Keshtkar AA: Epidemiology of neural
tube defects in northern Iran, 1998-2003. East Mediterr Health J 2007,
13:560–566.

31. Tomatir AG, Demirhan H, Sorkun HC, Koksal A, Ozerdem F, Cilengir N: Major
congenital anomalies: a five-year retrospective regional study in Turkey.
Genet Mol Res 2009, 8:19–27.

32. Parker SE, Mai CT, Strickland MJ, Olney RS, Rickard R, Marengo L, et al:
Multistate study of the epidemiology of clubfoot. Birth Defects Res A Clin
Mol Teratol 2009, 85:897–904.

33. Boo NY, Ong LC: Congenital talipes in Malaysian neonates: incidence,
pattern and associated factors. Singapore Med J 1990, 31:539–542.

34. Sun G, Xu ZM, Liang JF, Li L, Tang DX: Twelve-year prevalence of common
neonatal congenital malformations in Zhejiang Province, China. World J
Pediatr 2011, 7:331–336.

35. Gregg TA, Leonard AG, Hayden C, Howard KE, Coyle CF: Birth prevalence
of cleft lip and palate in Northern Ireland (1981 to 2000). Cleft Palate
Craniofac J 2008, 45:141–147.

36. Elahi MM, Jackson IT, Elahi O, Khan AH, Mubarak F, Tariq GB, et al:
Epidemiology of cleft lip and cleft palate in Pakistan. Plast Reconstr Surg
2004, 113:1548–1555.

37. Melve KK, Skjaerven R: Outcomes of pregnancies following a birth with
major birth defects: a population based study. Early Hum Dev 2008,
84:651–657.

38. Cooper ME, Stone RA, Liu Y, Hu DN, Melnick M, Marazita ML: Descriptive
epidemiology of nonsyndromic cleft lip with or without cleft palate in
Shanghai, China, from 1980 to 1989. Cleft Palate Craniofac J 2000, 37:274–280.

39. Yang JH, Kim YJ, Chung JH, Kim MY, Ryu HM, Ahn HK, et al: A multi-center
study for birth defect monitoring systems in Korea. J Korean Med Sci
2004, 19:509–513.

40. Cleft Palate Craniofac JPrevalence at Birth of Cleft Lip With or Without
Cleft Palate: Data From the International Perinatal Database of Typical
Oral Clefts (IPDTOC). 2011, 48:66–81.
41. Chen BY, Hwang BF, Guo YL: Epidemiology of congenital anomalies in a
population-based birth registry in Taiwan, 2002. J Formos Med Assoc 2009,
108:460–468.

42. Melvin EC, George TM, Worley G, Franklin A, Mackey J, Viles K, et al: Genetic
studies in neural tube defects. NTD Collaborative Group. Pediatr
Neurosurg 2000, 32:1–9.

doi:10.1186/1471-2431-13-67
Cite this article as: Hoang et al.: External birth defects in southern
Vietnam: a population-based study at the grassroots level of health care
in Binh Thuan province. BMC Pediatrics 2013 13:67.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Maternal socio-demographic characteristics
	Neonatal characteristics
	External birth defect characteristics

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


