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Abstract

Background: Asone of the leading causes of child mortality, deaths due to congenital anomalies (CAs) have been a prominent
obstacle to meet Sustainable Devel opment Goal 3.2.

Objective: We conducted this study to understand the death burden and trend of under-5 CA mortality (CAMR) in Zhejiang,
one of the provinces with the best medical services and public health foundations in Eastern China.

Methods: We used data retrieved from the under-5 mortality surveillance system in Zhejiang from 2012 to 2021. CAMR by
sex, residence, and age group for each year was calculated and standardized according to 2020 National Population Census sex-
and residence-specific live birth datain China. Poisson regression models were used to estimate the annual average change rate
(AACR) of CAMR and to obtain the rate ratio between subgroups after adjusting for sex, residence, and age group when
appropriate.

Results: From 2012 to 2021, atotal of 1753 children died from CAs, and the standardized CAMR declined from 121.2 to 62.6
per 100,000 live births with an AACR of 9% (95% CI —10.7% to —7.2%; P<.001). The declining trend was also observed in
female and male children, urban and rura children, and neonates and older infants, and the AACRs were —9.7%, —8.5%, —8.5%,
—9.2%, —12%, and —6.3%, respectively (all P<.001). However, no significant reduction was observed in children aged 1-4 years
(P=.22). Generdly, the CAMR rate ratios for male versus female children, rural versus urban children, older infants versus
neonates, and older children versus neonateswere 1.18 (95% CI 1.08-1.30; P<.001), 1.20 (95% CI 1.08-1.32; P=.001), 0.66 (95%
Cl 0.59-0.73; P<.001), and 0.20 (95% CI 0.17-0.24; P<.001), respectively. Among all broad CA groups, circulatory system
malformations, mainly deaths caused by congenital heart diseases, accounted for 49.4% (866/1753) of deaths and ranked first
across all years, although it declined yearly with an AACR of —9.8% (P<.001). Deaths due to chromosomal abnormalities tended
to grow in recent years, although the AACR was not significant (P=.90).

Conclusions: CAMR reduced annually, with cardiovascular malformations ranking first across all years in Zhgjiang, China.
Future research and practices should focus more on the prevention, early detection, long-term management of CAs and
comprehensive support for families with children with CAs to improve their survival chances.

(JMIR Public Health Surveill 2024;10:€53860) doi: 10.2196/53860
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Introduction

As a diverse range of structural, functional, and metabolic
malformations present at birth, congenital anomalies (CAS)
pose a great burden to the families involved [1]. According to
the World Health Organization’s latest estimate [2], more than
240,000 newbornsdiefrom CAsinthefirst 28 daysof life every
year worldwide, and another 170,000 newborns who survive
then diefrom CAsinthefollowing 5 years. Although theworld
haswitnessed encouraging reductionsin CA burdenswith regard
to both mortality and disability-adjusted life-years[1], mortality
due to CAs still constitutes 9.4% of all deaths for children
younger than 5 years and ranked fourth among all causes
globally [3]. For regions such as southern sub-Saharan Africa,
the under-5 mortality (USMR) due to CAs showed no sign of
decline; instead, it had an annual increase of 0.17% from 1990
to 2019 [4]. In Chind's case, we have also observed an ongoing
decline of both USMR and CA-related mortality [5]. However,
deaths caused by CAsremain one of the leading causes of child
mortality [6], as observed in other countries[7].

Even if children with CAs survive from an early death, the
long-term physical disability or functional disorder still leaves
agreat burden to both the family and society. It was estimated
that the cost of birth defect—rel ated hospitalizationsin the United
States was US $22.9 hillion per year [8]. Although the total
medical costs regarding all birth defects is not available in
China, the median expenditure of surgery for congenital heart
disease (CHD) in China was reported to be CN ¥67,867 (US
$9839) in 2020 [9]. For newborns, the median cost was as high
as CN ¥144,380 (US $20,931), which was 5.24 times of the
median yearly per capita disposable income of the Chinese
population in 2020 [9].

According to data issued by the National Bureau of Statistics
of China, Zhgjiang, aprovincelocated in Eastern China, ranked
fourth among al 34 administrative regions regarding regional
total gross domestic product (GDP) and eighth in GDP per
capita in 2022. It has the best medical resources and public
health services among the 28 provinces and autonomous regions
in the country, excluding the other 6 administrative regions
including Beijing, Shanghai, and Hong Kong due to the
incomparable size of the targeted service population [10].
However, with the epidemiological transition of the death-cause
pattern from infectious diseases to noncommunicable diseases
across thewhole society [11], little is known about the survival
burden of CAs in children younger than 5 years in Zhejiang.
Therefore, we conducted this study to understand the trend and
burden of under-5 CA mortality (CAMR) in this more
economically advanced province in China.

Methods

In this descriptive study, data from a long-existing mortality
surveillance system in Zhgjiang were used.

Mortality Surveillance

Mortality surveillance for children younger than 5 years in
Zhejiang started in the early 1990s and is carried out by health
workersfrom 3 levels (village, county, and city) of child health
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careinstitutes, mainly maternal and child health care hospitals
and community health care centers. Out of the 90 administrative
districts and counties, 30 were randomly chosen, and the vital
status of children younger than 5 years is routinely monitored
in these districts and counties according to the protocol designed
by the National Maternal and Child Surveillance Office, as
reported elsewhere [5].

Briefly, all deaths that occur in the first 5 years after birth are
recorded in a structured, paper-based death report card (DRC)
by aphysicianin ahospital or acommunity health care worker,
depending on whether the death event involves medical
treatments in a hospital. Information on the children’s
demographics, obstetric status, hospitalization, and death is
recorded in the DRC and submitted to the provincial-level
surveillance office seasonally, together with a quarterly report
including residence- and sex-specific number of live births and
deaths in each village.

Quiality Control

To ensure the accuracy of the children’s survival status and the
information in the DRC, cross-checking with thelocal maternal
delivery system, vaccination information system, household
registration and cancellation system in the Bureau of Public
Security, etc, is performed by village-, county-, and city-level
health workers quarterly, semiannually, and semiannually,
respectively. Provincial-level staff perform afield quality control
investigation every year. To minimize information error, 2
experienced physicians were invited to review all DRCsin the
data preparation process independently, and any disagreement
were settled by athird senior physician.

CA Groups

Deaths due to CAs (ie, CAs as the underlying cause of death)
were coded according to the International Classification of
Diseases, 10th Revision (ICD-10) and recorded in the DRC. In
this study, we combined them into 10 broad groups, which were
nervous system malformations (QO00-Q07); congenital
malformations of the eye, ear, face, and neck (Q10-Q18);
circulatory system anomalies including CHD (Q20-Q28);
respiratory system malformations (Q30-Q34); cleft lip and cleft
palate (Q35-Q37); other digestive system malformations
(Q38-Q45); urogenital malformations  (Q50-Q64);
musculoskeletal malformations (Q65-Q79); chromosomal
abnormalitiesincluding Down syndrome (Q90-Q99); and other
congenital anomalies (Q80-Q89).

Statistical Analysis

Three age groups were generated during analysis, that is,
neonates (aged 0-27 days), older infants (aged 28-364 days),
and older children (aged 1-4 years). Inthe analysis, year-, age-,
sex-, and residence-specific CAMRs were calculated as the
number of CA deathsin the corresponding year, age group, sex
(maleor female), and residential region (urban or rural) divided
by the number of live births in that specific group. Urban and
rural regions were defined according to the fifth digit of the
12-digit administrative code issued by National Bureau of
Statistics, for which 1 represents an urban region and all other
digits represent a rural region. All mortality data were then
standardized by using sex- and residence-specific live birth data
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from 2020 National Population Census of China. The average
annual change rates (AACRs) of CAMR and the rate ratios
(RRs) of CAMR for male versus female children, rural versus
urban children, older infants versus neonates, and older children
versus neonates were analyzed using the Poisson regression
model after adjusting for age, sex, and residence when
appropriate. All analyses were conducted in SAS (version 9.2;
SAS | nstitute), and a2-sided P<.05 was considered significant.

Ethical Consider ations

TheMedical Ethics Committee of Children’sHospital, Zhejiang
University School of Medicine approved this study
(2023-IRB-0248-P-01). Since dal mortality data were
deidentified from the government-established death surveillance
system, informed consent was waived by the Medical Ethics
Committee.

Results

From 2012 to 2021, atotal of 1753 deaths caused by CAswere
reported and the proportion of CA deaths stabilized around 20%
of al deaths (MultimediaAppendix 1). The standardized CAMR
in Zhejiang dropped from 121.2 per 100,000 live birthsin 2012
to 62.6 per 100,000 live births in 2021, representing a 48.3%
(58.6/121.2) decline in total with a 9% annual reduction on
average (P<.001; Table 1). Compared with female children, the
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CAMR of male children was generally higher in each year of
the last decade, and the adjusted RR in total was 1.18 (95% Cl
1.08-1.30; P<.001). Generally, the AACRsfor femaleand male
children were —9.7% (95% Cl —12.3% to —7.0%; P<.001) and
—8.5% (95% CI —11.1% to —6.1%; P<.001), respectively.

Table 2 shows that relative to children from urban areas, rural
children had a20% higher CAMR (RR 1.20, 95% Cl 1.08-1.32;
P=.001). Moreover, rura children had a higher AACR than
their urban counterparts and the AACRs for urban and rura
children were —-8.5% (95% Cl —11.6% to —5.4%; P<.001) and
—9.2% (95% CI —11.3% to —7.1%; P<.001), respectively.

CAMR declined annually by 12% (95% CI 9.6%-14.5%;
P<.001) for neonates and by 6.3% (95% Cl 3.4%-9.2%; P<.001)
for older infants, but not in older children (P=.22; Table 3).
Generally, neonates had the highest standardized CAMR
compared to older infants and older children (47.2 versus 31.0
and 9.5 per 100,000 live births; Table 3). However, the CAMR
gaps across age groups narrowed annually. For older infants,
the RR versus neonates turned insignificant since 2018 (all
P>.05) and increased from 0.48 (95% CI 0.37-0.63; P<.001) in
2012 to 1.03 (95% CI 0.65-1.62; P=.91) in 2021. For older
children, the RR versus neonates grew from 0.17 (95% CI
0.11-0.25) in 2012 to 0.35 (95% CI 0.19-0.66) in 2021 (P<.001
inall years).

Table 1. Standardized under-5 mortality caused by congenital anomaliesin Zhegjiang from 2012 to 2021 by sex.

Year Total? SexP RR%Y (959 CI) P value
Deaths, n Mortdity®  Female Male®
Deaths, n Mortality Deaths, n Mortality

Total 1753 87.7 757 79.9 992 94.7 1.18(1.08-1.30) <.001
2012 272 121.2 114 108.5 158 132.7 1.22 (0.96-1.56) .10
2013 258 119.3 121 118.3 137 120.1 1.02 (0.79-1.30) 91
2014 198 93.8 92 91.6 106 95.8 1.05 (0.79-1.39) 74
2015 220 104.8 78 79.1 141 128.0 1.64 (1.25-2.17) <.001
2016 184 87.2 86 86.3 97 88.0 1.02 (0.76-1.36) 91
2017 180 75.3 83 72.8 96 77.6 1.06 (0.79-1.42) 71
2018 145 72.1 58 60.3 87 82.6 1.36 (0.98-1.90) .07
2019 124 66.5 54 61.5 69 711 1.17 (0.82-1.67) .39
2020 84 52.7 37 48.8 47 56.3 1.15(0.75-1.77) .52
2021 88 62.6 34 50.6 54 733 1.45 (0.94-2.22) .09

#Theannual average change rate (AACR) of under-five mortality caused by congenital anomaliesin total from 2012 to 2021 was—9.0% (95% CI —10.7%

to —7.2%; P<.001).

BFour children with unknown sex between 2012 and 2021 were not included in the analysis.

°RR: rateratio.

9RR of under-5 mortality due to congenital anomalies for male versus female children after adjusting for age group and residence.

®The unit of standardized mortality was per 100,000 live births.

The AACR of under-five mortality caused by congenital anomalies in female children from 2012 to 2021 was —9.7% (95% Cl —12.3% to —7.0%;

P<.001).

9The AACR of under-five mortality caused by congenital anomaliesin male children from 2012 to 2021 was—8.5% (95% Cl —11.1% to—6.1%; P<.001).

https://publichealth.jmir.org/2024/1/€53860

JMIR Public Health Surveill 2024 | vol. 10 | €53860 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Dong et a

Table 2. Standardized under-5 mortality caused by congenital anomaliesin Zhejiang from 2012 to 2021 by residence.

Year Residence RR?P (95% CI) P value

Urban® Rural?

Deaths, n Mortality® Deaths, n Mortality
Tota 537 78.3 1216 93.3 1.20(1.08-1.32) .001
2012 81 101.8 191 132.9 1.30(1.01-1.69) .045
2013 75 98.9 183 1315 1.33(1.02-1.74) .04
2014 73 100.7 125 89.6 0.89 (0.67-1.19) 43
2015 72 103.0 148 105.9 1.03(0.77-1.36) .86
2016 48 68.1 136 98.6 1.45(1.04-2.01) .03
2017 54 66.0 126 80.9 1.23(0.89-1.69) 21
2018 37 54.8 108 82.4 1.50 (1.04-2.19) .03
2019 36 57.1 88 72.2 1.26 (0.86-1.86) .24
2020 30 54.8 54 515 0.94 (0.60-1.47) .79
2021 31 60.7 57 63.7 1.05(0.68-1.62) .83

8RR: rate ratio.

PRR of under-5 mortality due to congenital anomalies for rural versus urban children after adjusting for sex and age group.

“The annual average change rate (AACR) of under-five mortality caused by congenital anomaliesin urban children from 2012 to 2021 was—8.5% (95%
Cl —11.6% to -5.4%; P<.001).

%The AACR of under-five mortality caused by congenital anomaliesin rural children from 2012 to 2021 was—9.2% (95% Cl —11.3% to —7.1%; P<.001).
®The unit of standardized mortality was per 100,000 live births.

Table 3. Standardized under-5 mortality caused by congenital anomalies in Zhejiang from 2012 to 2021 by age group.

Year Age group Older infants versus neonates Ol der children versus neonates
Neonates® Older infants? Older children® RRY€(9506Cl)  Pvaue RR(95% Cl) P vaue

Deaths, n Morteiityf Deaths,n Mortality Deaths,n Mortality

Total 944 472 618 31.0 191 95 0.66(059-073) <001  020(0.17-024)  <.001
2012 165 739 79 35.0 28 12.4 048(0.37-063) <001  0.17(0.11-025) <001
2013 139 64.4 9% 4338 24 11.1 0.68(0.53-089)  .004 017 (0.11-0.27)  <.001
2014 117 55.6 65 30.7 16 74 056 (0.41-0.75) <001  0.14(0.08023) <001
2015 118 56.4 78 37.1 24 11.3 0.67(0.50-0.89) .06 021(0.13-0.32)  <.001
2016 99 46.7 67 31.8 18 8.6 0.68(050-093) .02 0.18(0.11-0.30)  <.001
2017 102 424 63 26.8 15 6.2 0.62(0.46-0.85)  .003 0.15(0.09-026)  <.001
2018 69 34.4 54 27.0 22 10.7 0.78(055-1.12) .18 0.32(0.20-052)  <.001
2019 54 28.8 50 27.0 20 10.8 0.94(064-139) .77 0.38(0.23-063)  <.001
2020 44 27.3 29 185 11 6.9 0.66(0.41-1.05) .08 0.25(0.13-048)  <.001
2021 37 263 38 27.1 13 9.2 1.03(0.65-162) .91 0.35(0.19-0.66)  <.001

#The annual average change rate (AACR) of under-five mortality caused by congenital anomaliesin neonates from 2012 to 2021 was —12% (95% ClI
—14.5% to —9.6%; P<.001).

PThe AACR of under-five mortal ity caused by congenital anomaliesin older infants from 2012 to 2021 was —6.3% (95% CI —9.2% to —3.4%; P<.001).
“The AACR of under-five mortality caused by congenital anomaliesin older children from 2012 to 2021 was —3.2% (95% Cl —8.3% to 2.0%; P=.22).
9RR: rate ratio.

®RR of under-5 mortality due to congenital anomalies adjusted for sex and residence.

"The unit of standardized mortal ity was per 100,000 live births.
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Although a 9.8% (95% CI 7.3%-12.3%; P<.001) annua
reduction was witnessed in circulatory system anomalies and
more than half of the decline (33.1/58.6 per 100,000 live births,
56.5%) in the CAMR was contributed by the reductionin CHD
mortality, it still ranked first across all yearsin the last decade.
Apart from CHD, the CAMRsreduced annually for all digestive
(P<.001), other (P=.004), neura (P=.004), and respiratory
(P=.001) anomalies, whereas CAMRsfor the other 4 CA groups
remained stable (all P>.05). Among the 10 CA groups, the rank
of causes of death attributed to chromosomal abnormalities
changed the most: from the eighth in 2012 to the third in 2021,
with a0.4% (95% Cl —6.7% to 7.6%; P=.90) insignificant annual
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increase. Details of the mortality for the 10 CA groups and a
few common CA subtypes every 3 yearsfrom 2012 to 2021 are
depicted in Figure 1.

Multimedia Appendix 2 shows that 944 (53.9%) and 1562
(89.1%) out of 1753 deathswere caused by CAsoccurred during
the neonatal and infantile period, respectively. Among all
common CAs, some were more fatal, with more than 70% of
deaths occurring in the first 7 days of life, such as neural tube
defects (NTDs; 25/32, 78%) and multiple systems-involved
malformations (60/81, 74%). Some were less fatal, with better
survival chances over 1 year, such as Down syndrome (17/52,
33%) and biliary atresia (23/81, 28%).

Figure 1. Ranking of standardized under-5 mortality caused by 10 broad congenital anomaly groups and certain common subtypes in Zhejiang from
2012 to 2021. All dataiin this figure represent standardized under-5 mortalities due to certain congenital anomaly groups or subtypes (unit: per 100,000
live births). Different shades of red and blue indicating the rank of mortality caused by the broad category of congenital malformations: the darker the
red is, the higher the rank; and the lighter the blue is, the lower the rank. AACR: annual average change rate; CHD: congenital heart disease; NTD:

neural tube defect.

Esophageal atresia

Biliary atresia
Anal atresia

Other anomalies 3

Multiple system—involved

malformations

Musculoskeletal malformations 4

Congenital anomalies Rank | Total | 2012 | 2015 | 2018 [ 2021 | AACR (%;95% CI) | Piend

value

Total 87.7 1212 | 104.8 | 72.1 626 |-9.0(-10.7to-7.2) <.001

Circulatory system 1 -9.8(-12.3t0-7.3) <.001
malformations

CHD -10.4 (-12.9t0-7.9) | <.001

Other digestive system 2 —8.5(-12.8to —4.1) <.001
malformations

35(-140t07.0) | .52
57(-13.6t023) | .17

~18.1(—29.2t0—7.0) | .001
93 (-15.6t0-3.0) | .004
54(-134t025) | .18

56(-126t014) | .12

Nervous system malformations | 5

~10.5 (-17.8to-3.3) | .004

NTDs

“17.8(315t04.1) | .01

Congenital hydrocephalus

72(-185t04.0) | 21

Chromosomal abnormalities 6 0.4 (6.7 to 7.6) .90
Down syndrome —6.7 (-16.7t0 3.3) .19
Respiratory system 7 -14.2 (-22.6 t0 -5.9) | .001
malformations
Cleft lip and cleft palate 8 —14.9 (-25.2to 4.6) | .005
Urogenital malformations 9 0.7 14 0.0 0.0 1.4 1.7(-17.910 21.2) .87
Congenital malformations of the | 10 0.5 0.9 0.5 0.5 0.7 -7.7 (-30.6 to 15.2) 51
eye, ear, face, and neck
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Discussion

Principal Findings

In thisretrospective study, we observed an annual 9% reduction
of CAMR in Zhejiang, and the change was significant in male
and female children, urban and rural children, and neonatal and
older infants. Generally, CAMRs were higher in male versus
female children, rural versus urban children, and neonatal versus
older infants. Among all CAs, some are morefatal, with >70%
of deaths occurring in the first 7 days of life, such as NTDs
(78%) and multiple systems—involved malformations (74%),
whereas some are less fatal, with more survival chances over 1
year, such as Down syndrome (33%) and biliary atresia (28%).
Circulatory system malformations, mainly CHDs, caused the
maximum deaths in children younger than 5 years. USMR
caused by chromosomal abnormalities, although insignificant,
tended to grow in recent years.

Comparison With Prior Work

The CAMR we observed in Zhejiang was not only lower than
most provinces in China [6] but also lower than that in
high-income countries such as the United States [12] and
European countries[7]. Therather low CAMR and an ongoing
declining trend can be explained by several reasons. First, there
has been a series of nationally covered maternal and children
health programs with stable financial investment from the
Chinesegovernment [13]. Among them, someaimed at reducing
the prevalence of certain CAsand adverse birth outcomes, such
as providing free folic acid tablets to women of reproductive
age [14], whereas others aimed at improving the survival and
health of children, such as providing antenatal and postnatal
health care and health management for children aged 0-6 years
[13].

Second, the rapid development and universal application of
prenatal and newborn screening is another potential reason for
the continuous decline of CAMR in Zhegjiang. In 2000, only
7.6% children with Down syndrome were identified prenatally
in China[15]. From 2013to 2017 in Zhejiang, 91%, 96.9% and
100% of Down syndrome, encephal ocel e, and anencephaly were
identified through prenatal screening, respectively [16]. Along
with the extensive application of prenatal screening wasa=>90%
rate of early termination of pregnancy, leading to lesslive births
with severe CAs [17]. Newborn screening, a well-established
public health measure to reduce early infant deaths, is widely
used in Zhejiang, and more than 400,000 newborns are screened
every year [18].

Third, with the development of postpartum surgical and repair
techniques, the survival chances of children with CAs such as
CHD, cleft lip, and cleft palate improved greatly [19,20]. For
example, athough the birth prevalence of CHD increased
continuously worldwide[21] aswell asin China[22], mortality
due to CHD decreased gradually [23]. According to a
hospital-based study, in-hospital mortality for children who
underwent CHD surgeries during the first month after delivery
reduced from 16.4% in the period from 2004 to 2008 to 5% in
the period from 2014 to 2018 [24].

https://publichealth.jmir.org/2024/1/€53860
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Similar to previous studies [6,25], we identified a larger CA
death burden in male children than in female children. Both
biologica and genetic factors may play a role. First, male
children aremorelikely to be born prematurely, which signifies
lower survival chances[26]. Second, the X chromosome carries
more genes responsible for immune function, leaving male
children with CAs more vulnerable to infections [27]. The
mortality differences across age groups are mainly related to
the type and severity of CAs. As mentioned above, most severe
CAs such as NTDs would experience pregnancy termination,
and less than half of live births with NTDs would survive over
1year [28]. For CAsthat arelessfatal such asDown syndrome,
the life expectancy has increased dramatically and reached 60
yearsin 2002 [29].

The high death burden caused by CHD in our study was
prevalent globally [4]. Although great progress has been made,
the elimination of CHD remains a great challenge. On the one
hand, as a public health issue driven mainly by genetics, it is
difficult to remove the genetic predisposition and other
environmental contributors that once existed [30]. On the other
hand, timely diagnosis and treatment is still an issue to be
solved. In Western countries such as Norway, only 13% of
infants were discharged without the identification of severe
CHDs[31], whereasin China, this number was 52.5% and can
be as high as 71% for neonates with asymptomatic critical CHD
[32]. In addition, mortality from complex CHD is still higher
than other CHDs [33]. Besides, the high medical cost and
parental worries for children’s future quality of life might also
affect parents decision-making on whether to take further
treatment or not.

In our study, we also noticed an increase in USMR for
chromosomal issues. Although insignificant, several reasons
may provide an explanation. First, the proportion of pregnancies
with advanced maternal age, a well-established risk factor of
chromosomal abnormalitiesin the offspring [34], amost doubled
after the termination of the One-Child Policy [35]. Second, new
genetic techniques promote the detection and correct
categorization of chromosomal issues [36]. Third, although
detectable, systematic trestment strategiesfor most abnormalities
are still absent [37]. Considering the factors mentioned above,
higher prevalence and mortality of chromosomal abnormalities
are projected in the future, and more attention should be paid
to thisissue.

Limitations

Therearemainly 3limitationsin our study. First, the miscoding
of death cause might exist. However, we have invited 2
experienced physicians to independently review al DRCs in
the data preparation process to minimize this type of error in
addition to routine quality control measures. Second, detailed
information regarding each live birth with CAsand their survival
statusin the next 5 yearswas not collected in our work, limiting
further analysis and comparisons on survival chances for
different CA subtypes and the associated factors. Third, the
analysisfor CAsasacontributory cause of study was necessary
but not feasible due to the lack of information in this study. It
was reported that only 70% of deaths in infants with CAs
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recorded a CA as the underlying cause of death [38], meaning
that the actual burden of CAsis greater than what we found.

Conclusion

In our study, we observed an ongoing declinein the CAMR in
Eastern China, with cardiovascular malformations ranking first
across al years. Despite the remarkabl e achievements, we still
face great challenges, and we hereby make the following
suggestions: (1) researchers should perform more well-designed
studies to understand CAS' risk factors and take measure
accordingly to lower CA incidence, similar to what have been

Dong et a

education and training of medical staffsto improve their skills
and promote “early detection, early diagnosis and early
treatment”; (3) more sensitive and population-wide screening
techniques such as echocardiography for early identification of
CHD should be devel oped and applied to the public for freeto
lower undiagnosed CA cases [39]; and (4) we should provide
easily accessible educational, emotional, and financial support
to families with children with CAs, as reported by Wray and
colleagues[40], toincreasefamilies capabilities and confidence
in caring for children with CAs and improve their survival
possibilities.

achieved with NTDs; (2) we must strengthen in-service
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