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Abstract
Background: As a province with a large population in Southwest China, Sichuan has a relatively high incidence of birth defects (BDs), but the current status
and characteristics of BDs are unclear. This study aimed to analyse the changing trends of BDs in the past 14 years and propose countermeasures.

Methods: Data were obtained from the Sichuan Provincial Birth Defects Hospital Surveillance Network (SPBDHSN); the surveillance objects were perinatal
infants (PIs) and BD infants who were hospitalized in the surveillance hospital from 2006 to 2019. SPSS 22.0 software was used for relevant statistics and
analysis; descriptive and chi-square test analyses were used to calculate the incidence of BDs in the whole province, region of the mother, sex of the baby and
maternal age.

Results: From 2006 to 2019, 1,799,914 PI cases were monitored, and 26,797 newborns were diagnosed with BDs. The average incidence of BDs was 148.88
per 10,000 births. The average incidence of BDs based on region (urban, rural) and sex (male, female) was 237.01, 87.6, 166.4, and 129.63 per 10,000 births,
respectively. The average rates of birth defects for maternal age (<20, 20-25, 25-30, 30-35, >35 years) were 142.77, 133.01, 147.96, 170.39 and 180.37 per
10,000, respectively. P values according to the chi-square test for the incidence of BDs by region, sex of the baby, and maternal age were all less than 0.01,
with signi�cant differences. The incidence of BDs in the province varied from year to year, with the �rst deformity gradually transitioning from body surface
deformity to visceral deformity.

Conclusions: The prevention and treatment of BDs in Sichuan has achieved remarkable results, and the incidence of birth defects has begun to show a
downward trend in recent years. However, due to the imbalance of economic and social development between regions in the province, the prevention and
treatment of birth defects still faces huge challenges.

Background
Birth defects (BDs) can lead to foetal death as well as infant death and disability, which not only affects the life of the individual but also brings a heavy
spiritual and economic burden to the family and society. In recent years, the global incidence of BDs has been increasing yearly. BDs have become a serious
social problem and a public health issue recognized to be of great importance in countries all over the world. China is a country with a high incidence of BDs.
According to the "China Birth Defect Prevention Report (2012)", it is estimated that the total incidence of BDs in China is approximately 5.6%. China’s annual
direct economic loss due to neural tube defects exceeds 200 million yuan, the total economic burden of the life cycle of newborn Down syndrome exceeds 10
billion yuan, and the total economic burden of the life cycle of new congenital heart disease exceeds 12.6 billion yuan. BDs seriously affect the quality of our
population and bring heavy burdens to families and society[1-3].

Sichuan Province is located in the southwestern region of China. The population of the province ranks fourth in China and �rst in the western part. In 2001,
Sichuan Province established a hospital-based monitoring system covering the whole province. The monitoring objects were from 28 weeks of pregnancy to 7
days after delivery. As a province with a large population, Sichuan as a high BD incidence, and the overall economic level is lower than in other provinces.
There are more poor counties and poor population, and the cost of treatment and rehabilitation due to BDs is huge. Many families return to poverty due to
illness. poverty alleviation has become a major focus. With the development of medical technology and the improvement of health care, the detection rate and
accuracy of BD have increased, but for various reasons, the incidence of BD remains high. The BD rate in the province has nearly doubled in the past 19 years,
from 65.4 per 10,000 in 2001 to 136.93 per 10,000 in 2019, an increase of 109.37%. In recent years, the incidence of BD has been at a high level. With the full
implementation of the two-child policy, the proportion of women with high-risk pregnancies has increased, the number of newborns is large each year; the risk
of BDs has also increased, as may their occurrence. The task of prevention and treatment of BD is daunting, and intervention for the prevention and treatment
of BDs is imminent[4-5].

This study aimed to analyse the situation of BDs in Sichuan Province over the past 14 years, evaluate the current situation of prevention and treatment,
analyse current problems in prevention and treatment, and propose countermeasures that will effectively reduce BD incidence in Sichuan Province and
improve quality of life among the population. It is of great practical signi�cance to promote sound and rapid economic development.

Methods

Data source
The data were obtained from a network of birth defect monitoring hospitals established in Sichuan Province that covers 21 cities (prefectures) across the
province. Ninety-�ve monitoring hospitals reported through the Sichuan Maternal and Child Health Information Platform (SCMCHI). The monitoring subjects
were perinatal newborns and those with birth defects who were hospitalized in the hospital from 2006 to 2019 using a time frame of 28 weeks of gestation to
7 days after birth. There were 23 types of birth defects monitored, including anencephaly, spina bi�da, encephalocele, hydrocephalus, cleft palate, cleft lip,
cleft lip with palate, anotia/microtia, congenital ear malformations (not anotia/microtia), oesophageal atresia/stenosis, anorectal atresia/stenosis,
hypospadias, club foot, polydactyly, syndactyly, limb reduction defects, omphalocele, gastroschisis, conjoined twins, Down syndrome, and congenital heart
disease, among others.

Data Collection
The monitoring hospitals were responsible for monitoring staff to regularly learn about birth defects, such as diagnostic criteria. Every newborn in the
monitoring hospital was checked by a trained professional after birth. Relevant clinical experts were required to con�rm each case of deformity to ensure
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quality and avoid misdiagnosis and missed diagnosis. If a baby with a deformity was found and diagnosed, the medical institution's birth defect card in the
Sichuan Maternity and Child Health Information Platform (SCMCHI) was �lled in; the monitoring hospital counted the perinatal data on a quarterly basis and
�ll in the quarterly report on the number of perinatals. County-level maternal and child health care institutions collect data from monitoring hospitals in their
jurisdictions and reviewed the reported data level by level according to the administrators of county-city-provincial maternal and child health care institutions.
On-site quality control of the reported data was performed every quarter at the county-level maternal and child health care institutions, every six months at the
municipal maternal and child health care institutions, and every year at the provincial maternal and child health care institutions. The quantity and quality of
data collection were highly guaranteed.

Statistical analysis
Epidata3.1 was used to establish a database. SPSS22.0 software was used to carry out relevant statistics and analysis, and the chi-square test was applied
to analyse the incidence of birth defects based on the region of the mother (urban, rural), the sex of the baby (male, female), and the maternal age (< 20, 20–
25, 25–30, 30–35, > 35 years). A descriptive analysis was carried out on the trend of change in the rate of BDs in the province, sex of the baby (male, female),
region of the mother (urban, rural), maternal age (< 20, 20–25, 25–30, 30–35, > 35 years) and �rst birth defect from 2006 to 2019[6–9].

Results
A total of 1799914 perinatal cases were monitored in Sichuan Province in the 14 years from 2006 to 2019; of these, 26,797 birth defects were diagnosed
between 28 weeks of pregnancy and 7 days after birth, with an average birth defect rate of 148.88 per 10,000. The average rates of birth defects in the region
of the mother (urban, rural) and sex of the baby (male, female) were 237.01, 87.63, 166.47 and 129.63 per 10,000, respectively. The average rates of birth
defects for maternal ages of < 20, 20–25, 25–30, 30–35, > 35 years were 142.77, 133.01, 147.96, 170.39 and 180.37 per 10,000, respectively. The P values of
the chi-square test for sex of the baby, region of the mother and maternal age were less than 0.01, which was signi�cantly different. (Table 1)

Table 1
Analysis of the occurrence of BD in the province

  Number of perinatal babies Number of birth defects total Chi-square value P values

Whole province 1799914 26797 148.88 — —

Maternal region       6624.62 < 0.001

urban 738230 17497 237.01    

rural 1061642 9303 87.63    

Sex       415.63 < 0.001

male 937116 15600 166.47    

female 862426 11180 129.63    

Maternal age (years)       30057.25 < 0.001

< 20 57924 827 142.77    

20- 504533 6711 133.01    

25- 696004 10298 147.96    

30- 364108 6204 170.39    

> 35 177303 3198 180.37    

The incidence of BDs in the province from 2006 to 2019 gradually increased to a peak and then steadily declined. It rose from 111.28 per 10,000 in 2006 to
182.97 per 10,000 in 2009 and then gradually decreased to 136.93 per 10,000 in 2019. The incidence of BDs in urban areas rose from 131.76 per 10,000 in
2006 to 284.96 per 10,000 in 2015, gradually decreased and then stabilized at approximately 280.86 per 10,000 in 2019. The incidence of BDs in rural areas
rose from 94.06 per 10,000 in 2006 to 148.42 per 10,000 in 2009 and then gradually dropped to 61.09 per 10,000 in 2019. The incidence of BDs in males rose
from 11.302 per 10,000 in 2006 to 221.28 per 10,000 in 2009 and then gradually decreased to 1,446.4 per 10,000 in 2019. The incidence of BDs in females
rose from 106.65 per 10,000 in 2006 to 170.58 per 10,000 in 2009 and then gradually decreased to 127.69 per 10,000 in 2019. The BD incidence among
mothers under 20 years of age rose from 117.65 per 10,000 in 2006 to 187.16 per 10,000 in 2009 and then fell to 111.38 per 10,000 in 2019. The incidence of
BDs among mothers aged 20–25 increased from 103.15 in 2006. The rate of BDs in mothers aged 25–30 years increased from 109.95 per 10,000 in 2006 to
195.58 per 10,000 in 2009 and then decreased to 2019, and that in mothers aged 30–35 years increased from 111.15 per 10,000 in 2006 to 235.90 per 10,000
in 2014 and then decreased to 156.86 per 10,000 in 2019. BD in maternal age over 35 years The incidence rate rose from 136.45 per 10,000 in 2006 to 216.19
per 10,000 in 2015 and then dropped to 178.62 per 10,000 in 2019[10–15] (Table 2 and Figs. 1–3).
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Table 2
The incidence of BDs by characteristics in the province from 2006 to 2019 (1/10,000)

  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Whole
province

111.28 123.42 152.71 182.97 172.86 160.91 157.21 154.41 144.6 162.57 140.88 137.57 137.07 136.93

Maternal
region

                           

urban 131.76 145.52 189.71 260.90 271.48 211.42 206.31 225.84 251.79 284.96 259.03 246.63 257.52 280.86

rural 94.06 102.25 119.91 148.42 91.62 119.96 115.50 99.91 69.30 77.80 64.47 68.13 65.62 61.09

Sex                            

male 113.02 131.81 167.50 221.28 188.76 173.31 174.27 171.46 165.31 187.65 162.05 158.16 150.91 144.64

female 106.65 111.01 131.71 170.58 151.75 143.47 137.69 134.14 121.98 134.87 116.64 113.08 121.26 127.69

Maternal
age
(years)

                           

< 20 117.65 122.57 125.41 187.16 183.7 129.78 149.73 145.9 142.12 104.45 190.39 128.01 105.83 111.38

20- 103.15 118.75 142.63 156.12 154.82 146.09 147.59 136.79 120.54 120.82 130.70 103.02 117.13 107.05

25- 109.95 117.5 155.01 195.58 171.86 161.64 151.62 158.72 124.95 169.78 148.71 131.25 123.44 130.50

30- 111.15 136.26 153.62 205.16 187.79 174.74 175.72 164.29 235.90 194.91 136.63 164.00 161.20 156.86

> 35 136.45 131.02 182.87 192.01 209.85 196.7 184.72 177.39 180.73 216.19 123.16 174.08 177.95 178.62

The incidence of BD in the province varied from year to year. Major deformity gradually transitioned from body surface deformities to visceral deformities, and
the primordial deformity transitioned from congenital ear malformation (CEM) in 2006–2012 to congenital heart disease (CHD) in 2013–2019. The incidence
of BD in urban areas transitioned from CEM in 2006–2011 to CHD in 2012–2019. The incidence of birth defects in rural areas transitioned from cleft lip with
or without cleft palate in 2006 to CEM in 2008 and then to polydactyly in 2014–2019. The incidence of birth defects in males transitioned from CEM in 2006
to CHD in 2013–2019; that in females transitioned from CEM 2006–2011 to CHD in 2012–2019 (Table 3). The �rst occurrence of BDs in the province
changed mainly among CEM, polydactyly, and CHD (Figs. 1–3).

Table 3
The �rst occurrence of BD in the province from 2006 to 2019 (1/10,000)

years The province's �rst order
deformity

�rst order deformity in
urban areas

�rst order deformity in
rural areas

�rst order deformity in
males

�rst order deformity in
females

2006 CEM 18.26 CEM 26.74 CLP 17.41 CEM 18.13 CEM 18.44

2007 CEM 22.07 CEM 33.25 Polydactyly 17.09 Polydactyly 25.25 CEM 20.05

2008 CEM 25.69 CEM 34.28 CEM 18.07 CEM 24.94 CEM 26.07

2009 CEM 40.28 CEM 57.12 CEM 26.46 CEM 41.26 CEM 38.82

2010 CEM 37.51 CEM 63.02 CEM 16.50 CEM 39.48 CEM 35.37

2011 CEM 31.61 CEM 43.87 CEM 21.67 CEM 33.20 CEM 29.71

2012 CEM 26.95 CHD 40.40 CEM 20.49 CEM 28.48 CHD 26.04

2013 CHD 34.42 CHD 64.66 CEM 16.41 CHD 34.35 CHD 34.23

2014 CHD 33.12 CHD 70.12 Polydactyly 12.34 CHD 35.41 CHD 30.50

2015 CHD 48.75 CHD 103.66 Polydactyly 15.09 CHD 51.43 CHD 45.87

2016 CHD 36.80 CHD 84.84 Polydactyly 13.28 CHD 35.75 CHD 37.94

2017 CHD 27.72 CHD 64.01 Polydactyly 13.38 CHD 26.63 CHD 28.68

2018 CHD 30.66 CHD 69.44 Polydactyly 14.70 CHD 27.45 CHD 33.99

2019 CHD 38.87 CHD 94.07 Polydactyly 14.79 CHD 39.93 CHD 38.40

Discussion
With joint efforts of all departments at all levels of the province, the rate of BDs in our province decreased from 182.97 in 2009 to 136.93 per 10,000 in 2019;
overall, the continuous increase in the rate of BDs in the province is being effectively curbed. In the past 10 years, as the province’s prevention and control of
BDs has been strengthened, the incidence of some fatal and severely disabling birth defects that are sensitive to interventions has gradually decreased. At the
same time, the perinatal detection rate of some birth defects such as congenital heart disease has increased due to the gradual rise in medical and health care
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institutions’ ability to diagnose birth defects such as visceral malformations. First-order malformation in the province has gradually transitioned from
malformations of the outer ear to congenital heart disease, and congenital heart disease has been the primary birth defect for 7 consecutive years. Monitoring
data show that the total rate of birth defects in our province is still at a high level, but some serious defects, such as neural tube defects, hydrocephalus, and
limb short deformities, have exhibited a downward trend, indicating that the implementation of targeted interventions can effectively reduce the rate of birth
defects[16–19].

This study shows that the birth defect rate in urban areas is higher than that in rural areas; this is related to the higher level of medical technology in urban
areas, which has a direct impact on the detection rate and diagnostic accuracy; it is also related to factors such as environmental pollution in urban areas,
which increase the risk of birth defects. The incidence of birth defects among pregnant women over 35 years of age was higher than that of other age groups.
After the implementation of the comprehensive two-child policy in the province in 2015, the number of births gradually declined after peaking in 2016.
Nonetheless, if prevention and control efforts are not further strengthened, the increase in the proportion of older mothers, the decline in fertility, assisted
reproduction, pregnancy complications, and complications of birth defects and other factors that increase the risk of birth defects will lead to an rise in the
total number of birth defects.

Due to the unbalanced economic development throughout our province, provinces and cities (states) in the country continue to introduce relevant laws and
regulations and local supporting policies; however, inmost areas, the corresponding localization policy is not implemented in a timely manner to prevent and
control birth defects, and free screening and treatment of birth defect-related policies are seriously lagging. Therefore, Sichuan Province has yet to formulate
laws and regulations related to the prevention and treatment of birth defects and other policies. Sichuan Province invests huge �nancial funds each year to
increase investment in birth defect prevention and control resources; with the development of secondary and third-level prevention and screening work, a large
number of children diagnosed with birth defects will create the need for a huge amount of rehabilitation costs. The cost of diagnosis and treatment of most of
the diseases of children with birth defects has not been clari�ed, in turn affecting the diagnosis, treatment and rehabilitation of these children. How to
integrate medical insurance, civil assistance and other resources is a problem that needs serious consideration. Sichuan Province's birth defect information
system has high connectivity, and our province has begun to establish a regional maternal and child case information platform in Chengdu, Zigong City,
Leshan City. The use of real-time, dynamic, accurate and e�cient collection of maternal and child health service case information on-line and the
establishment of exploratory maternal and child health service management information databases through the platform to obtain information on childbirth
outcomes can improve the accuracy and timeliness of birth defect information collection.

Strengths And Limitations
Birth defect monitoring is usually adopted to understand the level of birth defects in a country or region. In accordance with the requirements of the "Sichuan
Province Birth Defects Monitoring Program", monitoring hospital-county-city-provincial maternal and child health care institutions cooperate with each other
after reporting and reviewing information, and the quantity and quality of data sources are highly guaranteed.

At present, the hospital-based birth defect monitoring network in our province only monitors the birth defects found and reported by the hospital and does not
carry out large-scale population-based birth defect monitoring. The monitoring time limit is 28 weeks of pregnancy to 7 days after birth, which fails to account
for the 28 weeks before of pregnancy and 7 days after birth in the diagnosis of birth defects, which does not re�ect the true level of birth defects in our
province.

Conclusions
In recent years, due to the hard work of institutions at all levels and the majority of health care workers, the prevention and treatment of birth defects in our
province has achieved remarkable results, and the incidence of birth defects has begun to show a downward trend. However, because of the imbalance of
economic and social development between regions in the province, the prevention and treatment of birth defects still faces huge challenges. Sichuan women
and children's health causes are facing a rare development opportunity. With the implementation of the national medical reform policy, maternal and child
health, as an important part of public health, will receive increasing attention; moreover, �nancial investment will increase, and the prevention and treatment of
birth defects will also receive more policy support. Sichuan will make full use of favourable domestic and provincial development opportunities, promote
further reform of the medical and health system, strive to achieve the goals of the Sichuan Women and Children Development Program, effectively reduce the
rate of birth defects in our province, and make new and greater contributions to the overall improvement of the health of women and children in Sichuan
Province[20–22].
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Figure 1

Trends in the incidence of CEM (1/10,000) from 2006 to 2019

Figure 2

Trends in the incidence of polydactyly (1/10,000) from 2006 to 2019
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Figure 3

Trends in the incidence of CHD (1/10,000) from 2006 to 2019


