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Objective: Birth defect of any type is undesirable and often pose a negative 
impact on the health and development of the newborn. Birth defects surveillance 
with datasets from surveillance health-related programs are useful to predict 
the pattern of birth defects and take preventive measures. In this study, the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth defects were 
compared.

Methods: Data were obtained from the Birth Defects Surveillance System 
in Hunan Province, China, 2016–2020. The total prevalence is the number 
of birth defects (including livebirths, stillbirths, and selective terminations of 
pregnancy) per 1,000 births (including livebirths and stillbirths). The perinatal 
prevalence is the number of birth defects (between 28  weeks gestation and 
7  days postpartum) per 1,000 births. The livebirth prevalence is the number of 
liveborn birth defects per 1,000 births (unit: ‰). Underestimated proportion 
(unit: %) is the reduction level of perinatal prevalence or livebirth prevalence 
compared to the total prevalence. Prevalence with 95% confidence intervals (CI) 
was calculated using the log-binomial method. Chi-square tests (χ2) were used 
to examine if significant differences existed in prevalence or underestimated 
proportion between different groups.

Results: A total of 847,755 births were included in this study, and 23,420 birth 
defects were identified, including 14,459 (61.74%) birth defects with gestational 
age  >  =28  weeks, and 11,465 (48.95%) birth defects in livebirths. The total 
prevalence, perinatal prevalence, and livebirth prevalence of birth defects 
were 27.63‰ (95%CI, 27.27–27.98), 17.06‰ (95%CI, 16.78–17.33), and 13.52‰ 
(95%CI, 13.28–13.77), respectively, and significant differences existed between 
them (χ2  =  4798.55, p  <  0.01). Compared to the total prevalence, the perinatal 
prevalence and livebirth prevalence were underestimated by 38.26 and 51.05%, 
respectively. Significant differences existed between the total prevalence, 
perinatal prevalence, and livebirth prevalence of birth defects in all subgroups 
according to year, sex, residence, and maternal age (p  <  0.05). Significant 
differences existed between the total prevalence, perinatal prevalence, and 
livebirth prevalence for 17 specific defects: congenital heart defect, cleft lip-
palate, Down syndrome, talipes equinovarus, hydrocephalus, limb reduction, 
cleft lip, omphalocele, anal atresia, anencephaly, spina bifida, diaphragmatic 
hernia, encephalocele, gastroschisis, esophageal atresia, bladder exstrophy, 
and conjoined twins (p  <  0.05). In comparison, no significant difference existed 
between the total prevalence, perinatal prevalence, and livebirth prevalence 
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for 6 specific defects: polydactyly, other external ear defects, syndactyly, 
hypospadias, cleft palate, and anotia/microtia (p  >  0.05).

Conclusion: The total prevalence and livebirth prevalence of birth defects in 
Hunan Province, China, was not well studied. A systematic study was conducted 
to compare the total prevalence, perinatal prevalence, and livebirth prevalence 
of birth defects. The study reveals that significant differences existed between 
the total prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects (including many specific defects), and year, sex, residence, and maternal 
age had significant impacts on it. The outcomes of the study will help to take 
preventive measures for birth defects as well as benefit the people involving 
public health and policymakers to improve the current scenario.

KEYWORDS

congenital anomalies, epidemiology, total prevalence, livebirth prevalence, perinatal 
prevalence

1 Introduction

Birth defects are structural or functional anomalies at or before 
birth (1). The observed prevalence of birth defects is about 2–3% 
worldwide (2). The prevalence of birth defects is estimated at 4–6% in 
China (3). Because of the long life expectancy of patients with birth 
defects, birth defects have been a major problem in health care in 
terms of the resources required (2). Moreover, severe birth defects 
were associated with stillbirths or child deaths (4–6). WHO estimated 
that about 12.6% of neonatal deaths worldwide each year are related 
to birth defects (7). Therefore, research on birth defects is an important 
field of public health.

In China, most studies on the prevalence of birth defects are based 
on hospital-based surveillance, and the study population only includes 
fetuses and infants between 28 weeks gestation and 7 days postpartum 
(3). To our knowledge, there have been no national studies on birth 
defects in China recently. Some regions in China reported the 
prevalence of birth defects. E.g., the prevalence of birth defects was 
188.94 per 10,000 births in in Hunan Province (2010–2020) (8), 13.55 
per 1,000 births in Guilin, Guangxi Zhuang Autonomous Region 
(2018–2020) (9), 71.51 per 10,000 fetuses in Southern Jiangsu (2014–
2018) (10), and 10.11‰ in Dalian, Liaoning Province (2006–2010) 
(11). Obviously, those prevalences were significantly lower than the 
estimated prevalence (4–6%) (3), and some were also lower than the 
observed prevalence worldwide (2). Partially, it may result from many 
birth defects diagnosed and terminated before 28 weeks of gestation 
(12). However, to our knowledge, there have been fewer studies on 
birth defects before 28 weeks of gestation in China (13).

In this study, there are three primary indicators to describe the 
prevalence of birth defects: total prevalence, livebirth prevalence, and 
perinatal prevalence. The total prevalence is the number of birth 
defects (including livebirths, stillbirths, and selective terminations of 
pregnancy) per 1,000 births (including livebirths and stillbirths). The 
livebirth prevalence is the number of liveborn birth defects per 1,000 
births (14). The total prevalence may reflect the underlying 
environmental and genetic risk factors for birth defects, and the 
livebirth prevalence is particularly useful for health service purposes, 
as it measures birth defects needing health care. It has been widely 
used in previous studies. Since most studies in China report the 

prevalence of birth defects between 28 weeks gestation and 7 days 
postpartum, to make it easier to describe the prevalence, the perinatal 
prevalence is defined as number of birth defects (between 28 weeks 
gestation and 7 days postpartum) per 1,000 births.

In this study, the total prevalence, perinatal prevalence, and 
livebirth prevalence of birth defects were compared using data from 
the Birth Defects Surveillance System in Hunan Province, China, 
2016–2020. This research will contribute to the field. First, as described 
earlier, most studies in China reported only the perinatal prevalence 
of birth defects, while the total prevalence and livebirth prevalence 
were rarely mentioned. Second, birth defects surveillance programs 
aim to ascertain birth defects among all pregnancy outcomes if 
possible (15). With the development in medical and economic 
conditions, it seems more appropriate to report the total prevalence 
rather than the perinatal prevalence. This study may contribute to 
surveillance program improvements. Third, as described earlier, it is 
of great public health significance to describe the epidemiology of 
total prevalence, perinatal prevalence, and livebirth prevalence of 
birth defects, which may contribute to public health policy 
improvements, risk factor studies, and etiological research on 
birth defects.

2 Methods

2.1 Data sources

In this study, data were obtained from the Birth Defects 
Surveillance System in Hunan Province, China, 2016–2020, which is 
run by the Hunan Provincial Health Commission and involves 52 
representative registered hospitals in Hunan Province. Hunan 
Province is located in south-central China and has a resident 
population of about 65 million. These 52 hospitals are appropriately 
distributed throughout the province, with about 150,000 to 200,000 
live births annually, accounting for 1/4 to 1/3 of the total live births.

The surveillance data were electronically collected, and doctors in 
the surveillance sites were responsible for collecting it. Surveillance 
data of all births (including livebirths and stillbirths) and birth defects 
(from the beginning of pregnancy to 7 days after birth) included 
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demographic characteristics such as year, residence, sex, and 
maternal age.

Birth defects are classified into 23 specific defects and coded 
according to the International Classification of Diseases (Tenth 
Revision, ICD-10, codes Q00–Q99). The ICD codes for the 23 
specific defects are as following: anencephaly (Q00), spina bifida 
(Q05), encephalocele (Q01), hydrocephalus (Q03), cleft palate 
(Q35), cleft lip (Q36), cleft lip-palate (Q37), anotia/microtia 
(Q17.2, Q16.0), other external ear defects (Q17), esophageal atresia 
(Q39), anal atresia (Q42), hypospadias (Q54), bladder exstrophy 
(Q64.1), talipes equinovarus (Q66.0), polydactyly (Q69), 
syndactyly (Q70), limb reduction (Q71, Q72), diaphragmatic 
hernia (Q79.0), omphalocele (Q79.2), gastroschisis (Q79.3), 
conjoined twins (Q89.4), Down syndrome (Q90), congenital heart 
defects (Q20–26) or ‘other’ (Q00–Q99, excluding the codes 
mentioned above).

2.2 Informed consents

The Health Commission of Hunan Province collects the 
surveillance data and has formulated the “Maternal and Child Health 
Monitoring Manual in Hunan Province.” In the “Maternal and Child 
Health Monitoring Manual in Hunan Province,” the government has 
emphasized the privacy policy for informed consent from the 
surveillance population. All works were performed following relevant 
guidelines and regulations. Informed consent was obtained from all 
surveillance populations and/or their legal guardian(s). Doctors 
obtain consent from pregnant women before collecting surveillance 
data, witnessed by their families and the heads of the obstetrics or 
neonatal departments. Doctors obtain consent from their parents or 
guardians for live births, witnessed by their families and the heads of 
the obstetrics or neonatal departments.

2.3 Ethics guideline statement

This study was approved by the Medical Ethics Committee of 
Hunan Provincial Maternal and Child Health Care Hospital (NO: 
2023-S044). It is a retrospective study of medical records; all data were 
fully anonymized before access. Moreover, the patient records were 
de-identified before analysis. All works were performed following 
relevant guidelines and regulations.

2.4 Data quality control

To carry out surveillance, the Hunan Provincial Health 
Commission formulated the “Maternal and Child Health Monitoring 
Manual in Hunan Province.” Data were collected and reported by 
experienced doctors. To maintain data integrity and reduce error rates 
of surveillance data, the Hunan Provincial Health Commission asked 
the technical guidance departments to carry out comprehensive 
quality control each year. First, the surveillance hospital’s 
administration will carry out quality control for the surveillance data. 
Then, provincial, municipal, and county administrations will conduct 
regular quality control of the surveillance hospitals in their districts 
every year.

2.5 Definition of prevalence of birth defects

The total prevalence is number of total birth defects per 1,000 
births (including livebirths and stillbirths); the perinatal prevalence is 
number of birth defects (between 28 weeks gestation and 7 days 
postpartum) per 1,000 births; the livebirth prevalence is number of 
liveborn birth defects per 1,000 births (unit: ‰). Underestimated 
proportion (unit: %) is the reduction level of perinatal prevalence or 
livebirth prevalence compared to the total prevalence.

2.6 Statistical analysis

The prevalence of birth defects with 95% confidence intervals (CI) 
was calculated using the log-binomial method. Chi-square tests (χ2) 
were used to examine if significant differences existed in prevalence 
or underestimated proportion between different groups. Chi-square 
trend tests (χ2

trend) were used to determine trends in underestimated 
proportion by year.

Statistical analyses were performed using SPSS 18.0 (IBM Corp., 
NY, USA).

3 Results

3.1 Prevalence of birth defects in Hunan 
Province, China, 2016–2020

A total of 847,755 births were included in this study, and 23,420 
birth defects were identified, including 14,459 (61.74%) birth defects 
with gestational age > =28 weeks, and 11,465 (48.95%) birth defects 
in livebirths.

The total prevalence, perinatal prevalence, and livebirth 
prevalence of birth defects were 27.63‰ (95%CI, 27.27–27.98), 
17.06‰ (95%CI, 16.78–17.33), and 13.52‰ (95%CI, 13.28–13.77), 
respectively. Significant differences existed between the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects (χ2 = 4798.55, p < 0.01). Compared to the total prevalence, the 
perinatal prevalence and livebirth prevalence were underestimated by 
38.26 and 51.05%, respectively.

The total prevalence, perinatal prevalence, and livebirth 
prevalence of birth defects by year, sex, residence, and maternal age 
are shown in Table 1. Significant differences existed between the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects in all subgroups according to year, sex, residence, and maternal 
age (p < 0.05).

Compared to the total prevalence, the perinatal prevalence was 
underestimated by 35.19, 35.25, 38.40, 41.77, and 41.98% from 2016 
to 2020, respectively, showing an upward trend (χ2

trend = 78.73, p < 0.01); 
the perinatal prevalence was underestimated by 33.92 and 36.41% for 
males and females, respectively, which was higher in females than in 
males (χ2 = 14.60, p < 0.01); the perinatal prevalence was 
underestimated by 37.07 and 39.40% for urban areas and rural areas, 
respectively, which was higher in rural areas than urban areas 
(χ2 = 13.49, p < 0.01); the perinatal prevalence was underestimated by 
33.50, 40.53, 36.75, 36.91, and 43.00% for maternal age < 20, 20–24, 
25–29, 30–34, and > =35, respectively, which was higher in maternal 
age 20–24 and > =35 than 25–29 (χ2 = 61.38, p < 0.01). Compared to the 
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TABLE 1 Prevalence of birth defects in Hunan Province, China, 2016–2020.

Indicators Total 
births

Total birth defects Birth defects with gestational 
age  >  =28  weeks

Birth defects in livebirths χ2 p

n Total 
prevalence 
(‰, 95%CI)

n Perinatal 
prevalence 
(‰, 95%CI)

Underestimated 
(%)

n Livebirth 
prevalence 
(‰, 95%CI)

Underestimated 
(%)

Year

  2016 170,688 4,794 28.09 (27.29–28.88) 3,107 18.20 (17.56–18.84) 35.19 2,363 13.84 (13.29–14.40) 50.71 925.53 <0.01

  2017 196,316 5,456 27.79 (27.05–28.53) 3,533 18.00 (17.40–18.59) 35.25 2,854 14.54 (14.00–15.07) 47.69 941.79 <0.01

  2018 177,762 4,708 26.48 (25.73–27.24) 2,900 16.31 (15.72–16.91) 38.40 2,294 12.90 (12.38–13.43) 51.27 973.80 <0.01

  2019 164,840 4,539 27.54 (26.73–28.34) 2,643 16.03 (15.42–16.65) 41.77 2,139 12.98 (12.43–13.53) 52.88 1050.68 <0.01

  2020 138,149 3,923 28.40 (27.51–29.29) 2,276 16.47 (15.80–17.15) 41.98 1815 13.14 (12.53–13.74) 53.73 937.62 <0.01

Sex

  Male 448,288 13,291 29.65 (29.14–30.15) 8,783 19.59 (19.18–20.00) 33.92 7,164 15.98 (15.61–16.35) 46.10 2114.63 <0.01

  Female 399,368 8,870 22.21 (21.75–22.67) 5,640 14.12 (13.75–14.49) 36.41 4,288 10.74 (10.42–11.06) 51.66 1797.30 <0.01

  Unknown 99 1,259 – 36 – – 13 – –

Residence

  Urban 342,178 11,454 33.47 (32.86–34.09) 7,208 21.07 (20.58–21.55) 37.07 6,129 17.91 (17.46–18.36) 46.49 1965.44 <0.01

  Rural 505,577 11,966 23.67 (23.24–24.09) 7,251 14.34 (14.01–14.67) 39.40 5,336 10.55 (10.27–10.84) 55.41 2891.90 <0.01

Maternal age

  <20 13,711 409 29.83 (26.94–32.72) 272 19.84 (17.48–22.20) 33.50 184 13.42 (11.48–15.36) 55.01 91.09 <0.01

  20–24 118,531 3,104 26.19 (25.27–27.11) 1846 15.57 (14.86–16.28) 40.53 1,333 11.25 (10.64–11.85) 57.06 807.22 <0.01

  25–29 357,582 9,513 26.60 (26.07–27.14) 6,017 16.83 (16.40–17.25) 36.75 4,799 13.42 (13.04–13.80) 49.55 1801.43 <0.01

  30–34 243,649 6,564 26.94 (26.29–27.59) 4,141 17.00 (16.48–17.51) 36.91 3,387 13.90 (13.43–14.37) 48.40 1196.27 <0.01

  > = 35 114,282 3,830 33.51 (32.45–34.57) 2,183 19.10 (18.30–19.90) 43.00 1762 15.42 (14.70–16.14) 53.99 943.12 <0.01

Total 847,755 23,420 27.63 (27.27–27.98) 14,459 17.06 (16.78–17.33) 38.26 11,465 13.52 (13.28–13.77) 51.05 4798.55 <0.01

CI = confidence intervals.
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total prevalence, the livebirth prevalence of birth defects had similar 
epidemiology as described above (Table 1).

3.2 Prevalence of specific defects

Significant differences existed between the total prevalence, 
perinatal prevalence, and livebirth prevalence for 17 specific defects: 
congenital heart defect, cleft lip-palate, Down syndrome, talipes 
equinovarus, hydrocephalus, limb reduction, cleft lip, omphalocele, 
anal atresia, anencephaly, spina bifida, diaphragmatic hernia, 
encephalocele, gastroschisis, esophageal atresia, bladder exstrophy, 
and conjoined twins (p < 0.05). In comparison, no significant 
difference existed between the total prevalence, perinatal prevalence, 
and livebirth prevalence for 6 specific defects: polydactyly, other 
external ear defects, syndactyly, hypospadias, cleft palate, and anotia/
microtia (p > 0.05).

Compared to the total prevalence, the perinatal prevalence was 
underestimated by 100.00% for conjoined twins; the perinatal 
prevalence underestimated by more than 80% for 5 specific defects: 
cleft lip-palate (82.31%), Down syndrome (87.10%), anencephaly 
(92.92%), encephalocele (90.12%), and gastroschisis (83.11%); the 
perinatal prevalence underestimated by 50–80% for 6 specific defects: 
hydrocephalus (55.70%), limb reduction (51.47%), cleft lip (50.43%), 
omphalocele (76.49%), spina bifida (66.38%), and diaphragmatic 
hernia (58.25%); the perinatal prevalence underestimated by less than 
50% for 5 specific defects: congenital heart defect (36.85%), talipes 
equinovarus (39.15%), anal atresia (9.02%), esophageal atresia 
(23.29%), and bladder exstrophy (33.33%).

Compared to the total prevalence, the livebirth prevalence was 
underestimated by 100.00% for conjoined twins; the livebirth 
prevalence was underestimated by more than 80% for 8 specific 
defects: cleft lip-palate (91.90%), Down syndrome (95.88%), 
hydrocephalus (93.06%), omphalocele (83.39%), anencephaly 
(98.75%), spina bifida (87.34%), encephalocele (98.26%), and 
gastroschisis (93.92%); the livebirth prevalence was underestimated 
by 50–80% for 6 specific defects: congenital heart defect (51.34%), 
limb reduction (73.36%), cleft lip (54.78%), diaphragmatic hernia 
(78.35%), esophageal atresia (53.42%), and bladder exstrophy 
(66.67%); the livebirth prevalence was underestimated by less than 
50% for 2 specific defects: talipes equinovarus (48.75%), and anal 
atresia (21.72%) (Table 2).

4 Discussion

Overall, significant differences existed between the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects (including many specific defects), and year, sex, residence, and 
maternal age had significant impacts on it. There were several 
meaningful findings in this study.

First, compared to the total prevalence of birth defects (including 
many specific defects), the perinatal prevalence and livebirth 
prevalence were significantly underestimated. Li et al. found that the 
exclusion of pregnancy terminations <28 weeks of gestation resulted 
in a severe underestimation of the total prevalence of birth defects, 
particularly severe external defects (Shaanxi Province, China, 2014–
2020) (13), which was consistent with findings in this study. As 
described in the introduction section, fewer studies on birth defects 

before 28 weeks of gestation in China, or compared the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects. Some original contributions to the field were made in this 
study. E.g., Zhou et al. (8) found that the perinatal prevalence of birth 
defects showed a decreasing trend from 2010 to 2020. However, no 
significant trend in the total prevalence of birth defects was shown in 
this study. It indicates that an increasing number of birth defects were 
terminated before 28 weeks of gestation. The total prevalence of birth 
defects and most specific defects appeared consistent with the global 
prevalence (14, 16–33). However, the perinatal prevalence of birth 
defects and many specific defects were lower than the observed global 
prevalence. E.g., the total prevalence of Down syndrome was 1.29‰, 
consistent with the observed global prevalence (almost 1 in 600 live 
births) (26), while the perinatal prevalence of Down syndrome was 
only 0.17‰, almost tenfold lower than the observed global prevalence. 
It may result from well-established prenatal screening and diagnostic 
strategies for Down syndrome, and most Down syndrome are 
diagnosed in the first trimester or second trimester (34–36). It is 
indicated that the total prevalence, rather than the perinatal 
prevalence, should be used to reflect the underlying environmental 
and genetic risk factors for birth defects. Moreover, the prevalence of 
some specific defects was more likely to be underestimated, such as 
conjoined twins, anencephaly, encephalocele, down syndrome, 
gastroschisis, and cleft lip-palate, which were mainly major structural 
defects. The primary diagnostic method for birth defects in China is 
prenatal ultrasonography examination (37, 38). With the development 
of medical and economic conditions, more and more severe birth 
defects are diagnosed and terminated before 28 weeks gestation. The 
underestimated proportion of Down syndrome was also relatively 
higher, which may be mainly associated with prenatal screening and 
diagnosis of Down syndrome in the first trimester or second trimester 
(34–36). To increase the prenatal screening rate for Down syndrome, 
the Hunan Provincial Government has implemented a program to 
provide free Down syndrome screening in the second trimester for 
pregnant women since 2016, and almost all pregnant women in 
Hunan Province do it. In addition, the livebirth prevalence of birth 
defects (and a broad range of specific defects) was reported in this 
study, which has also been less addressed in previous studies in China. 
As mentioned in the Introduction section, the livebirth prevalence is 
particularly useful for health service purposes.

Second, compared to the total prevalence of birth defects, the 
underestimated proportions of perinatal prevalence and livebirth 
prevalence showed an upward trend from 2016 to 2020, which may 
be mainly related to medical and economic conditions. As explained 
above, with the development of medical and economic conditions, 
more and more severe birth defects are diagnosed and terminated 
before 28 weeks gestation.

Third, compared to the total prevalence of birth defects, the 
underestimated proportions of perinatal prevalence and livebirth 
prevalence were higher in females than in males. It is inconsistent with 
what is commonly believed. E.g., the major congenital heart defects 
(including transposition of great arteries, tetralogy of Fallot, and 
double outlet right ventricle), genital, urinary, musculoskeletal, and 
digestive disorders, and orofacial clefts were more common in males 
than females (39, 40). Theoretically, the proportion of deaths 
attributable to birth defects is higher in males than females if there is 
no significant difference in the prevalence of birth defects between 
males and females, which may lead to a higher underestimated 
proportion in males than females. Therefore, the underestimated 
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TABLE 2 Prevalence of specific defects.

Specific 
defects

Total birth defects Birth defects with gestational age  >  =28  weeks Birth defects in livebirths χ2 p

n Total 
prevalence (‰, 

95%CI)

n Perinatal 
prevalence (‰, 

95%CI)

Underestimated (%) n Livebirth 
prevalence (‰, 

95%CI)

Underestimated (%)

Congenital heart 

defect
6,589 7.77 (7.58–7.96) 4,161 4.91 (4.76–5.06) 36.85 3,206 3.78 (3.65–3.91) 51.34 1315.03 <0.01

Polydactyly 1968 2.32 (2.22–2.42) 1888 2.23 (2.13–2.33) 4.07 1862 2.20 (2.10–2.30) 5.39 3.21 0.20

Cleft lip-palate 1,481 1.75 (1.66–1.84) 262 0.31 (0.27–0.35) 82.31 120 0.14 (0.12–0.17) 91.90 1804.03 <0.01

Other external ear 

defects
1,102 1.30 (1.22–1.38) 1,061 1.25 (1.18–1.33) 3.72 1,038 1.22 (1.15–1.30) 5.81 1.97 0.37

Down syndrome 1,093 1.29 (1.21–1.37) 141 0.17 (0.14–0.19) 87.10 45 0.05 (0.04–0.07) 95.88 1575.32 <0.01

Talipes equinovarus 802 0.95 (0.88–1.01) 488 0.58 (0.52–0.63) 39.15 411 0.48 (0.44–0.53) 48.75 151.43 <0.01

Syndactyly 662 0.78 (0.72–0.84) 626 0.74 (0.68–0.80) 5.44 605 0.71 (0.66–0.77) 8.61 2.64 0.27

Hypospadias 470 0.55 (0.50–0.60) 458 0.54 (0.49–0.59) 2.55 404 0.48 (0.43–0.52) 14.04 5.57 0.06

Hydrocephalus 447 0.53 (0.48–0.58) 198 0.23 (0.20–0.27) 55.70 31 0.04 (0.02–0.05) 93.06 389.08 <0.01

Limb reduction 443 0.52 (0.47–0.57) 215 0.25 (0.22–0.29) 51.47 118 0.14 (0.11–0.16) 73.36 215.30 <0.01

Cleft lip 345 0.41 (0.36–0.45) 171 0.20 (0.17–0.23) 50.43 156 0.18 (0.16–0.21) 54.78 98.57 <0.01

Omphalocele 319 0.38 (0.33–0.42) 75 0.09 (0.07–0.11) 76.49 53 0.06 (0.05–0.08) 83.39 292.62 <0.01

Cleft palate 278 0.33 (0.29–0.37) 254 0.30 (0.26–0.34) 8.63 247 0.29 (0.26–0.33) 11.15 2.04 0.36

Anal atresia 244 0.29 (0.25–0.32) 222 0.26 (0.23–0.30) 9.02 191 0.23 (0.19–0.26) 21.72 6.48 0.04

Anencephaly 240 0.28 (0.25–0.32) 17 0.02 (0.01–0.03) 92.92 3 0.00 (0.00–0.01) 98.75 408.10 <0.01

Spina bifida 229 0.27 (0.24–0.31) 77 0.09 (0.07–0.11) 66.38 29 0.03 (0.02–0.05) 87.34 195.27 <0.01

Anotia/microtia 209 0.25 (0.21–0.28) 185 0.22 (0.19–0.25) 11.48 179 0.21 (0.18–0.24) 14.35 2.64 0.27

Diaphragmatic 

hernia
194 0.23 (0.20–0.26) 81 0.10 (0.07–0.12) 58.25 42 0.05 (0.03–0.06) 78.35 117.98 <0.01

Encephalocele 172 0.20 (0.17–0.23) 17 0.02 (0.01–0.03) 90.12 3 0.00 (0.00–0.01) 98.26 274.93 <0.01

Gastroschisis 148 0.17 (0.15–0.20) 25 0.03 (0.02–0.04) 83.11 9 0.01 (0.00–0.02) 93.92 190.71 <0.01

Esophageal atresia 73 0.09 (0.07–0.11) 56 0.07 (0.05–0.08) 23.29 34 0.04 (0.03–0.05) 53.42 14.08 <0.01

Bladder exstrophy 30 0.04 (0.02–0.05) 20 0.02 (0.01–0.03) 33.33 10 0.01 (0.00–0.02) 66.67 10.00 0.01

Conjoined twins 23 0.03 (0.02–0.04) 0 0.00 (0.00–0.00) 100.00 0 0.00 (0.00–0.00) 100.00 46.00 <0.01

Total births: 847755.
CI = confidence intervals.
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proportion of prevalence was higher in females than in males, which 
may be mainly associated with the differences in total prevalence 
between males and females. In this study, the total prevalence of birth 
defects was significantly higher in males than females (29.65‰ vs. 
22.21‰), which supported the conclusion in this study. In addition, 
the “boy preference” phenomenon exists in some areas of China, 
especially in poor rural areas (41), which may also partly contribute 
to more female than male fetuses with birth defects terminated.

Fourth, compared to the total prevalence of birth defects, the 
underestimated proportions of perinatal prevalence and livebirth 
prevalence were higher in rural areas than urban areas, which may 
also be mainly associated with medical and economic conditions. 
Urban areas are associated with better medical and economic 
conditions, and better medical and economic conditions are good for 
the survival of children with birth defects (42). Zhou et al. (43) found 
that perinatal deaths attributable to birth defects were more common 
in rural than urban areas. It also supported this conclusion.

Fifth, compared to the total prevalence of birth defects, the 
underestimated proportions of perinatal prevalence and livebirth 
prevalence were higher in maternal age 20–24 and > =35 than in 
25–29. It may be mainly related to the fact that many severe defects 
are more common in fetuses with low and advanced maternal age (8, 
44–47). In addition, low maternal age is associated with high 
reproductive ability and partly low economic conditions, encouraging 
mothers to terminate fetuses with birth defects and try to conceive 
healthy babies. It may partly contribute to the results.

Overall, the above outcomes will benefit public health and help 
policymakers improve the current scenario. E.g., as most studies in 
China reported only the perinatal prevalence of birth defects, findings 
in this study may prompt future studies to report the total prevalence 
and livebirth prevalence, and the policymakers may also be more 
likely to consider the total prevalence and livebirth prevalence when 
developing public health policies. The above outcomes on the 
epidemiology of birth defects may be helpful for future studies on risk 
factors and etiology of birth defects, and policymakers may be more 
likely to implement interventions for high-risk populations.

Some things could be  improved in this study. First, although 
significant differences between the total prevalence, perinatal 
prevalence, and livebirth prevalence of birth defects were found, the 
mechanism was unclear due to data limitations. Further research is 
needed. Second, birth defects beyond 7 days after birth were not 
included in this study. Third, some potential factors associated with 
the underestimated proportions of prevalence were not included due 
to data limitations, such as paternal age and educational background. 
Fourth, many fetuses had multiple specific defects, which may 
be  associated with the underestimated proportions of prevalence. 
However, it was not analyzed in this study.

5 Conclusion

The total prevalence and livebirth prevalence of birth defects in 
Hunan Province, China, was not well studied. A systematic study 
was conducted to compare the total prevalence, perinatal 
prevalence, and livebirth prevalence of birth defects. The study 
reveals that significant differences existed between the total 
prevalence, perinatal prevalence, and livebirth prevalence of birth 
defects (including many specific defects), and year, sex, residence, 
and maternal age had significant impacts on it. The outcomes of the 

study will help to take preventive measures for birth defects as well 
as benefit the people involving public health and policymakers to 
improve the current scenario.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Medical 
Ethics Committee of Hunan Provincial Maternal and Child 
Health Care Hospital. The studies were conducted in accordance 
with the local legislation and institutional requirements. The 
ethics committee/institutional review board waived the 
requirement of written informed consent for participation from 
the participants or the participants’ legal guardians/next of kin 
because Since the Health Commission of Hunan Province 
collects those data, and the government has emphasized the 
privacy policy in the “Maternal and Child Health Monitoring 
Manual in Hunan Province,” there is no additional written 
informed consent.

Author contributions

XZh: Conceptualization, Data curation, Formal analysis, 
Methodology, Project administration, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 
XZe: Writing – review & editing, Methodology, Supervision, Project 
administration, Resources. JF: Data curation, Writing – review & 
editing. JH: Data curation, Writing – review & editing. HK: Data 
curation, Writing – review & editing. XH: Data curation, Writing – 
review & editing. AW: Data curation, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. Project of 
Hunan Provincial Maternal-Fetal Medicine and High-Risk Pregnant 
Women Care Clinical Research Center (NO: 2020SK4011).

Acknowledgments

The authors thank the staff working for the Birth Defects 
Surveillance System of Hunan Province, China, from 2016 to 2020.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpubh.2024.1297426
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhou et al. 10.3389/fpubh.2024.1297426

Frontiers in Public Health 08 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. World-Health-Organization. Congenital anomalies 2020. (2022). Available 

at:https://www.who.int/news-room/fact-sheets/detail/congenital-anomalies.

 2. Corsello G, Giuffrè M. Congenital malformations. J Matern Fetal Neonatal Med. 
(2012) 25:25–9. doi: 10.3109/14767058.2012.664943

 3. Dai L, Zhu J, Liang J, Wang YP, Wang H, Mao M. Birth defects surveillance in 
China. World J Pediatr. (2011) 7:302–10. doi: 10.1007/s12519-011-0326-0

 4. Liu Y, Li Q, Wang T, Zhang S, Chen L, Li Y, et al. Determinants for perinatal 
mortality in South China: a prospective cohort study. Front Pediatr. (2022) 10:756444. 
doi: 10.3389/fped.2022.756444

 5. Groen H, Bouman K, Pierini A, Rankin J, Rissmann A, Haeusler M, et al. Stillbirth 
and neonatal mortality in pregnancies complicated by major congenital anomalies: 
findings from a large European cohort. Prenat Diagn. (2017) 37:1100–11. doi: 10.1002/
pd.5148

 6. Heinke D, Nestoridi E, Hernandez-Diaz S, Williams PL, Rich-Edwards JW, Lin AE, 
et al. Risk of stillbirth for fetuses with specific birth defects. Obstet Gynecol. (2020) 
135:133–40. doi: 10.1097/aog.0000000000003614

 7. Lehtonen L, Gimeno A, Parra-Llorca A, Vento M. Early neonatal death: a 
challenge worldwide. Semin Fetal Neonatal Med. (2017) 22:153–60. doi: 10.1016/j.
siny.2017.02.006

 8. Zhou X, Cai S, Wang H, Fang J, Gao J, Kuang H, et al. Update from a cohort study 
for birth defects in Hunan Province, China, 2010-2020. Sci Rep. (2023) 13:20257. doi: 
10.1038/s41598-023-47741-1

 9. Yang X, Zeng J, Gu Y, Fang Y, Wei C, Tan S, et al. Birth defects data from hospital-
based birth defect surveillance in Guilin, China, 2018-2020. Front Public Health. (2022) 
10:961613. doi: 10.3389/fpubh.2022.961613

 10. Zhou Y, Mao X, Zhou H, Qin Z, Wang L, Cai Z, et al. Epidemiology of birth defects 
based on a birth defect surveillance system in southern Jiangsu, China, 2014-2018. J Matern 
Fetal Neonatal Med. (2022) 35:745–51. doi: 10.1080/14767058.2020.1731459

 11. Liu QG, Sun J, Xiao XW, Song GR. Birth defects data from surveillance hospitals 
in Dalian city, China, 2006-2010. J Matern Fetal Neonatal Med. (2016) 29:3615–21. doi: 
10.3109/14767058.2016.1140136

 12. Xie D, Liang C, Xiang Y, Wang A, Xiong L, Kong F, et al. Prenatal diagnosis of birth 
defects and termination of pregnancy in Hunan Province, China. Prenat Diagn. (2020) 
40:925–30. doi: 10.1002/pd.5648

 13. Li M, Zhang L, Gan L, Li Z. The impact of pregnancy termination before 28 weeks 
of gestation on the overall prevalence of birth defects  - Shaanxi Province, China, 
2014-2020. China CDC Wkly. (2022) 4:967–73. doi: 10.46234/ccdcw2022.197

 14. Dolk H, Loane M, Garne E. The prevalence of congenital anomalies in Europe. 
Adv Exp Med Biol. (2010) 686:349–64. doi: 10.1007/978-90-481-9485-8_20

 15. WHO. Birth defects surveillance: A manual for programme managers, 2nd edition. 
(2020). Available at: https://www.who.int/publications/i/item/9789240015395

 16. Bernier PL, Stefanescu A, Samoukovic G, Tchervenkov CI. The challenge of congenital 
heart disease worldwide: epidemiologic and demographic facts. Semin Thorac Cardiovasc 
Surg Pediatr Card Surg Annu. (2010) 13:26–34. doi: 10.1053/j.pcsu.2010.02.005

 17. Smythe T, Kuper H, Macleod D, Foster A, Lavy C. Birth prevalence of congenital 
talipes equinovarus in low- and middle-income countries: a systematic review and meta-
analysis. Trop Med Int Health. (2017) 22:269–85. doi: 10.1111/tmi.12833

 18. Springer A, van den Heijkant M, Baumann S. Worldwide prevalence of 
hypospadias. J Pediatr Urol. (2016) 12:152.e1–7. doi: 10.1016/j.jpurol.2015.12.002

 19. Salari N, Darvishi N, Heydari M, Bokaee S, Darvishi F, Mohammadi M. Global 
prevalence of cleft palate, cleft lip and cleft palate and lip: a comprehensive systematic 
review and meta-analysis. J Stomatol Oral Maxillofac Surg. (2022) 123:110–20. doi: 
10.1016/j.jormas.2021.05.008

 20. Alberto G, Barbero P, Liascovich R, Bidondo MP, Groisman B. Congenital limb 
reduction defects in 1.6 million births in Argentina. Am J Med Genet A. (2020) 
182:1084–92. doi: 10.1002/ajmg.a.61528

 21. Gangopadhyay AN, Pandey V. Anorectal malformations. J Indian Assoc Pediatr 
Surg. (2015) 20:10–5. doi: 10.4103/0971-9261.145438

 22. Luquetti DV, Heike CL, Hing AV, Cunningham ML, Cox TC. Microtia: 
epidemiology and genetics. Am J Med Genet A. (2012) 158A:124–39. doi: 10.1002/
ajmg.a.34352

 23. Fogelström A, Caldeman C, Oddsberg J, Löf Granström A, Mesas BC. 
Omphalocele: national current birth prevalence and survival. Pediatr Surg Int. (2021) 
37:1515–20. doi: 10.1007/s00383-021-04978-z

 24. Siffel C, Correa A, Amar E, Bakker MK, Bermejo-Sánchez E, Bianca S, et al. 
Bladder exstrophy: an epidemiologic study from the international clearinghouse 
for birth defects surveillance and research, and an overview of the literature. 
Am  J  Med Genet C Semin Med Genet. (2011) 157C:321–32. doi: 10.1002/
ajmg.c.30316

 25. Dewan MC, Rattani A, Mekary R, Glancz LJ, Yunusa I, Baticulon RE, et al. Global 
hydrocephalus epidemiology and incidence: systematic review and meta-analysis. J 
Neurosurg. (2018) 130:1065–79. doi: 10.3171/2017.10.Jns17439

 26. Catalano RA. Down syndrome. Surv Ophthalmol. (1990) 34:385–98. doi: 
10.1016/0039-6257(90)90116-d

 27. Atta CA, Fiest KM, Frolkis AD, Jette N, Pringsheim T, St Germaine-Smith C, et al. 
Global birth prevalence of Spina bifida by folic acid fortification status: a systematic 
review and Meta-analysis. Am J Public Health. (2016) 106:e24–34. doi: 10.2105/
ajph.2015.302902

 28. Tovar JA. Congenital diaphragmatic hernia. Orphanet J Rare Dis. (2012) 7:1. doi: 
10.1186/1750-1172-7-1

 29. Sfeir R, Michaud L, Sharma D, Richard F, Gottrand F. National Esophageal Atresia 
Register. Eur J Pediatr Surg. (2015) 25:497–9. doi: 10.1055/s-0035-1569466

 30. Bhat V, Moront M, Bhandari V. Gastroschisis: a state-of-the-art review. Children. 
(2020) 7:302. doi: 10.3390/children7120302

 31. Salari N, Fatahi B, Fatahian R, Mohammadi P, Rahmani A, Darvishi N, et al. 
Global prevalence of congenital anencephaly: a comprehensive systematic review and 
meta-analysis. Reprod Health. (2022) 19:201. doi: 10.1186/s12978-022-01509-4

 32. Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell B. Estimates of global 
and regional prevalence of neural tube defects for 2015: a systematic analysis. Ann N Y 
Acad Sci. (2018) 1414:31–46. doi: 10.1111/nyas.13548

 33. Mutchinick OM, Luna-Muñoz L, Amar E, Bakker MK, Clementi M, Cocchi G, 
et al. Conjoined twins: a worldwide collaborative epidemiological study of the 
international clearinghouse for birth defects surveillance and research. Am J Med Genet 
C Semin Med Genet. (2011) 157C:274–87. doi: 10.1002/ajmg.c.30321

 34. Antonarakis SE, Skotko BG, Rafii MS, Strydom A, Pape SE, Bianchi DW, et al. 
Down syndrome. Nat Rev Dis Primers. (2020) 6:9. doi: 10.1038/s41572- 
019-0143-7

 35. Shang W, Wan Y, Chen J, Du Y, Huang J. Introducing the non-invasive prenatal 
testing for detection of down syndrome in China: a cost-effectiveness analysis. BMJ 
Open. (2021) 11:e046582. doi: 10.1136/bmjopen-2020-046582

 36. Miao ZY, Liu X, Shi TK, Xu Y, Song QH, Tang SH. First trimester, second trimester, 
and integrated screening for Down's syndrome in China. J Med Screen. (2012) 19:68–71. 
doi: 10.1258/jms.2012.011145

 37. Ferrier C, Dhombres F, Guilbaud L, Durand-Zaleski I, Jouannic JM. Ultrasound 
screening for birth defects: a medico-economic review. Gynecol Obstet Fertil Senol. 
(2017) 45:408–15. doi: 10.1016/j.gofs.2017.06.007

 38. Zhang Y, Wang J, Zhao J, Huang G, Liu K, Pan W, et al. Current status and 
challenges in prenatal and neonatal screening, diagnosis, and management of congenital 
heart disease in China. Lancet Child Adolesc Health. (2023) 7:479–89. doi: 10.1016/
s2352-4642(23)00051-2

 39. Yoo BW. Epidemiology of congenital heart disease with emphasis on sex-related 
aspects. Adv Exp Med Biol. (2018) 1065:49–59. doi: 10.1007/978-3-319-77932-4_3

 40. Sokal R, Tata LJ, Fleming KM. Sex prevalence of major congenital anomalies in 
the United Kingdom: a national population-based study and international comparison 
meta-analysis. Birth Defects Res A Clin Mol Teratol. (2014) 100:79–91. doi: 10.1002/
bdra.23218

 41. Fan SL, Xiao CN, Zhang YK, Li YL, Wang XL, Wang L. How does the two-child 
policy affect the sex ratio at birth in China? A cross-sectional study. BMC Public Health. 
(2020) 20:789. doi: 10.1186/s12889-020-08799-y

 42. Tambucci R, Angelino G, De Angelis P, Torroni F, Caldaro T, Balassone V, et al. 
Anastomotic strictures after esophageal atresia repair: incidence, investigations, and 
management, including treatment of refractory and recurrent strictures. Front Pediatr. 
(2017) 5:120. doi: 10.3389/fped.2017.00120

 43. Zhou X, Xie D, He J, Jiang Y, Fang J, Wang H. Perinatal deaths from birth defects 
in Hunan Province, China, 2010-2020. BMC Pregnancy Childbirth. (2023) 23:790. doi: 
10.1186/s12884-023-06092-5

 44. Frederiksen LE, Ernst A, Brix N, Braskhøj Lauridsen LL, Roos L,  
Ramlau-Hansen CH, et al. Risk of adverse pregnancy outcomes at advanced  

https://doi.org/10.3389/fpubh.2024.1297426
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.who.int/news-room/fact-sheets/detail/congenital-anomalies
https://doi.org/10.3109/14767058.2012.664943
https://doi.org/10.1007/s12519-011-0326-0
https://doi.org/10.3389/fped.2022.756444
https://doi.org/10.1002/pd.5148
https://doi.org/10.1002/pd.5148
https://doi.org/10.1097/aog.0000000000003614
https://doi.org/10.1016/j.siny.2017.02.006
https://doi.org/10.1016/j.siny.2017.02.006
https://doi.org/10.1038/s41598-023-47741-1
https://doi.org/10.3389/fpubh.2022.961613
https://doi.org/10.1080/14767058.2020.1731459
https://doi.org/10.3109/14767058.2016.1140136
https://doi.org/10.1002/pd.5648
https://doi.org/10.46234/ccdcw2022.197
https://doi.org/10.1007/978-90-481-9485-8_20
https://www.who.int/publications/i/item/9789240015395
https://doi.org/10.1053/j.pcsu.2010.02.005
https://doi.org/10.1111/tmi.12833
https://doi.org/10.1016/j.jpurol.2015.12.002
https://doi.org/10.1016/j.jormas.2021.05.008
https://doi.org/10.1002/ajmg.a.61528
https://doi.org/10.4103/0971-9261.145438
https://doi.org/10.1002/ajmg.a.34352
https://doi.org/10.1002/ajmg.a.34352
https://doi.org/10.1007/s00383-021-04978-z
https://doi.org/10.1002/ajmg.c.30316
https://doi.org/10.1002/ajmg.c.30316
https://doi.org/10.3171/2017.10.Jns17439
https://doi.org/10.1016/0039-6257(90)90116-d
https://doi.org/10.2105/ajph.2015.302902
https://doi.org/10.2105/ajph.2015.302902
https://doi.org/10.1186/1750-1172-7-1
https://doi.org/10.1055/s-0035-1569466
https://doi.org/10.3390/children7120302
https://doi.org/10.1186/s12978-022-01509-4
https://doi.org/10.1111/nyas.13548
https://doi.org/10.1002/ajmg.c.30321
https://doi.org/10.1038/s41572-019-0143-7
https://doi.org/10.1038/s41572-019-0143-7
https://doi.org/10.1136/bmjopen-2020-046582
https://doi.org/10.1258/jms.2012.011145
https://doi.org/10.1016/j.gofs.2017.06.007
https://doi.org/10.1016/s2352-4642(23)00051-2
https://doi.org/10.1016/s2352-4642(23)00051-2
https://doi.org/10.1007/978-3-319-77932-4_3
https://doi.org/10.1002/bdra.23218
https://doi.org/10.1002/bdra.23218
https://doi.org/10.1186/s12889-020-08799-y
https://doi.org/10.3389/fped.2017.00120
https://doi.org/10.1186/s12884-023-06092-5


Zhou et al. 10.3389/fpubh.2024.1297426

Frontiers in Public Health 09 frontiersin.org

maternal age. Obstet Gynecol. (2018) 131:457–63. doi: 10.1097/
aog.0000000000002504

 45. Gill SK, Broussard C, Devine O, Green RF, Rasmussen SA, Reefhuis J. Association 
between maternal age and birth defects of unknown etiology: United States, 1997-2007. 
Birth Defects Res A Clin Mol Teratol. (2012) 94:1010–8. doi: 10.1002/bdra.23049

 46. Harris BS, Bishop KC, Kemeny HR, Walker JS, Rhee E, Kuller JA. Risk factors for 
birth defects. Obstet Gynecol Surv. (2017) 72:123–35. doi: 10.1097/
ogx.0000000000000405

 47. Thompson JA. The effects of parent ages on birth defects. Acta Sci Paediatr. (2020) 
3:58–69. doi: 10.31080/aspe.2020.03.0312

https://doi.org/10.3389/fpubh.2024.1297426
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1097/aog.0000000000002504
https://doi.org/10.1097/aog.0000000000002504
https://doi.org/10.1002/bdra.23049
https://doi.org/10.1097/ogx.0000000000000405
https://doi.org/10.1097/ogx.0000000000000405
https://doi.org/10.31080/aspe.2020.03.0312

	Comparison of total prevalence, perinatal prevalence, and livebirth prevalence of birth defects in Hunan Province, China, 2016–2020
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Informed consents
	2.3 Ethics guideline statement
	2.4 Data quality control
	2.5 Definition of prevalence of birth defects
	2.6 Statistical analysis

	3 Results
	3.1 Prevalence of birth defects in Hunan Province, China, 2016–2020
	3.2 Prevalence of specific defects

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

