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Abstract

Objective

To explore the association between demographic characteristics and perinatal deaths attrib-

utable to congenital heart defects (CHDs).

Methods

Data were obtained from the Birth Defects Surveillance System of Hunan Province, China,

2016–2020. The surveillance population included fetuses and infants from 28 weeks of ges-

tation to 7 days after birth whose mothers delivered in the surveillance hospitals. Surveil-

lance data included demographic characteristics such as sex, residence, maternal age, and

other key information, and were used to calculate the prevalence of CHDs and perinatal

mortality rates (PMR) with 95% confidence intervals (CI). Multivariable logistic regression

analysis (method: Forward, Wald, α = 0.05) and adjusted odds ratios (ORs) were used to

identify factors associated with perinatal deaths attributable to CHDs.

Results

This study included 847755 fetuses, and 4161 CHDs were identified, with a prevalence of

0.49% (95%CI: 0.48–0.51). A total of 976 perinatal deaths attributable to CHDs were identi-

fied, including 16 (1.64%) early neonatal deaths and 960 (98.36%) stillbirths, with a PMR of

23.46% (95%CI: 21.98–24.93). In stepwise logistic regression analysis, perinatal deaths

attributable to CHDs were more common in rural areas than urban areas (OR = 2.21, 95%

CI: 1.76–2.78), more common in maternal age <20 years (OR = 2.40, 95%CI: 1.05–5.47),

20–24 years (OR = 2.13, 95%CI: 1.46–3.11) than maternal age of 25–29 years, more com-

mon in 2 (OR = 1.60, 95%CI: 1.18–2.18) or 3 (OR = 1.43, 95%CI: 1.01–2.02) or 4 (OR =

1.84, 95%CI: 1.21–2.78) or > = 5 (OR = 2.02, 95%CI: 1.28–3.18) previous pregnancies than

the first pregnancy, and more common in CHDs diagnosed in > = 37 gestional weeks (OR =

77.37, 95%CI: 41.37–144.67) or 33–36 gestional weeks (OR = 305.63, 95%CI: 172.61–
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541.15) or < = 32 gestional weeks (OR = 395.69, 95%CI: 233.23–671.33) than diagnosed in

postnatal period (within 7 days), and less common in multiple births than singletons (OR =

0.48, 95%CI: 0.28–0.80).

Conclusions

Perinatal deaths were common in CHDs in Hunan in 2016–2020. Several demographic

characteristics were associated with perinatal deaths attributable to CHDs, which may be

summarized mainly as economic and medical conditions, severity of CHDs, and parental

attitudes toward CHDs.

Introduction

Perinatal deaths include stillbirths and early neonatal deaths from 28 weeks of gestation to 7

days after birth [1]. The perinatal mortality rate (PMR) PMR is the number of perinatal

deaths per 100 fetuses. Birth defects are structural or functional anomalies at or before birth

[2]. The global prevalence of birth defects is approximately 2% -3% [3]. Congenital heart

defect (CHD) is typically defined as structural anomalies of the heart or great vessels at or

before birth [4]. CHD is the most common birth defect, accounting for nearly 1/3 of all major

birth defects [5, 6]. The global birth prevalence of CHDs is 0.94% (2010–2017) [4]. Severe birth

defects, including many severe CHDs, significantly increase the risk of perinatal deaths [7–9].

In developed countries such as Europe and the United States, birth defects have long been the

leading cause of perinatal deaths [10]. The World Health Organization estimated that approxi-

mately 12.6% of neonatal deaths worldwide are related to birth defects each year [11].

There are several studies on perinatal deaths attributable to birth defects or several specific

defects (e.g., gastroschisis, omphalocele, cleft lip, and palate) [12–18]. However, to our knowl-

edge, there are relatively few studies on perinatal deaths attributable to CHDs, and there are

limitations in previous studies. For example, relatively few studies have reported the PMR of

CHDs. In 2023, we conducted a study on the PMR of a broad range of specific defects (includ-

ing total CHDs) in Hunan Province, China (2010–2020), and the PMR of total CHDs was

23.15%. However, in this study, we did not report the PMR of specific CHDs, and they did not

explore the association between demographic characteristics and perinatal deaths using multi-

variable logistic regression analysis, as pointed out in the discussion section [9]. Zhang et al.

found that 17.1% of stillbirths and 1.2% of early neonatal deaths in Zhejiang Province, eastern

China (2014–2018) were associated with CHDs [6]. Dolk et al. reported a PMR of 3.6% for

non-chromosomal CHDs in Europe (2000–2005) [19]. There are significant differences

between these studies.

Relatively few studies have been conducted on perinatal deaths attributable to a wide range

of specific CHDs. Beroukhim et al. reported a PMR of approximately 40% for single-ventricle

cardiac defects at Boston Children’s Hospital, Boston, Massachusetts, United States (1995–

2008) [20], and this investigation was conducted at a single hospital earlier. In addition, rela-

tively few studies have been conducted on the factors associated with perinatal deaths attribut-

able to CHDs. Pace et al. examined the first-year survival of infants with CHDs. They

investigated the potential role of socio-economic and demographic factors on survival [21],

but some factors (e.g., maternal age and residence) were not included. To our knowledge, the

association between demographic characteristics and perinatal deaths attributable to CHDs

has not been investigated using multivariable logistic regression analysis.
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Therefore, we conducted a multivariable logistic regression analysis based on data from the

Birth Defects Surveillance System (2016–2020) of Hunan Province in south-central China to

explore the association between demographic characteristics and perinatal deaths attributable

to CHDs.

Methods

Data sources

Data were obtained from the Birth Defects Surveillance System of Hunan Province, China

(2016–2020). The Hunan Provincial Health Commission manages the system, which has

selected 52 representative registered hospitals as hospital-based birth defects surveillance sites

since 1996. In order to make the surveillance data representative, the Hunan Provincial Health

Commission conducted an expert assessment before selecting the surveillance sites. These 52

hospitals are appropriately distributed throughout the province. They are the main delivery

hospital in their regions, with about 150,000 to 200,000 live births annually, accounting for 1/4

to 1/3 of all live births in Hunan Province.

The surveillance population included all live births, stillbirths, infant deaths, and legal ter-

mination of pregnancy from 28 weeks of gestation to 7 days after birth that occurred in the

surveillance site. The surveillance data included demographic characteristics such as sex, resi-

dence, maternal age, and other key information. Eight demographic characteristics that may

be associated with perinatal deaths attributable to CHDs were selected for analysis in this

study, including sex, residence, maternal age, maternal education level, number of births,

number of pregnancies, parity, and time of diagnosis. According to the Hunan Maternal and

Child Health Surveillance Manual, obstetricians or neonatologists are responsible for collect-

ing surveillance data. Birth defects were coded according to the International Classification of

Diseases (10th Revision, codes Q00–Q99). The ICD codes CHDs as Q20-Q26.

Definitions

Perinatal deaths include stillbirths and early neonatal deaths from 28 weeks of gestation to 7

days after birth. The prevalence of birth defects is the number of birth defects per 100 fetuses

(births and deaths at 28 weeks of gestation and later). PMR is the number of perinatal deaths

per 100 fetuses.

Ethics approval and consent to participate

The Hunan Provincial Health Commission has developed the Hunan Maternal and Child

Health Surveillance Manual to routinely collect surveillance data. Therefore, there is no addi-

tional written informed consent. The Medical Ethics Committee of Hunan Provincial Mater-

nal and Child Health Care Hospital approved the study. (NO: 2022-S64). It is a retrospective

study of medical records, and we confirmed that all operations were following relevant guide-

lines and regulations.

Data quality control

To carry out surveillance, the Hunan Provincial Health Commission formulated the Hunan

Maternal and Child Health Surveillance Manual. Data were collected and reported by experi-

enced doctors. To reduce surveillance data’s integrity and information error rates, the Hunan

Provincial Health Commission asked the technical guidance departments to conduct compre-

hensive quality control once a year.
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Statistical analysis

Prevalence and PMR of specific CHDs with 95% confidence intervals (CI) were calculated by

the log-binomial method [22]. Chi-square trend tests (χ2trend) were used to determine trends

in prevalence and PMR by year, maternal age, number of pregnancies, and time of diagnosis.

Univariate analysis and unadjusted odds ratios (ORs) were calculated to examine the associa-

tion of each demographic characteristic with perinatal deaths attributable to CHDs. Multivari-

able logistic regression analysis (method: Forward, Wald, α = 0.05) and adjusted ORs were

used to identify factors associated with perinatal deaths attributable to CHDs. We used the

presence or absence of perinatal deaths attributable to CHDs as the dependent variable, and

the variables assessed significantly in univariate analysis, or that some studies have suggested

were highly probable to be associated with CHDs, were entered as independent variables in

multivariable logistic regression analysis.

Statistical analyses were performed using SPSS 18.0 (SPSS Inc. in Chicago, USA).

Results

Prevalence and PMR of CHDs

This study included 847755 fetuses. A total of 14459 birth defects were identified, including

4161 (28.78%) CHDs. The prevalence of CHDs was 0.49% (95%CI: 0.48–0.51). A total of 7445

perinatal deaths were identified, of which 3049 (40.95%) were attributable to birth defects and

976 (13.11%) were attributable to CHDs. Of the 976 perinatal deaths attributable to CHDs, 16

(1.64%) were early neonatal deaths, and 960 (98.36%) were stillbirths. 22.49% (936 cases) of

CHDs ended in medical termination of pregnancy (TOP). The overall PMR was 0.88% (95%

CI: 0.86–0.90), and the PMRs of birth defects and CHDs were 21.09% (95%CI: 20.34–21.84)

and 23.46% (95%CI: 21.98–24.93), respectively. From 2016 to 2020, the PMRs of CHDs were

28.55%, 20.85%, 26.57%, 22.01%, and 19.94%, respectively, showing a downward trend (χ2trend
= 9.86, P = 0.002) (Table 1).

Table 1. Prevalence and PMR of CHDs in Hunan Province, China, 2016–2020.

Year Total

fetuses

Total birth defects Total CHDs Total perinatal

deaths

Perinatal deaths attributable to birth

defects

Perinatal deaths attributable to

CHDs

n Prevalence

(%, 95%CI)

n Prevalence

(%, 95%CI)

n PMR

(%, 95%CI)

n PMR of birth

defects (%)

Among total

perinatal

deaths (%)

n PMR of CHDs

(%)

Among total

perinatal

deaths (%)

2016 170688 3107 1.82(1.76–

1.88)

823 0.48(0.45–

0.52)

1901 1.11(1.06–

1.16)

744 23.95(22.23–25.67) 39.14 235 28.55(24.90–

32.20)

12.36

2017 196316 3533 1.80(1.74–

1.86)

1055 0.54(0.50–

0.57)

1694 0.86(0.82–

0.90)

686 19.42(17.96–20.87) 40.50 220 20.85(18.10–

23.61)

12.99

2018 177762 2900 1.63(1.57–

1.69)

734 0.41(0.38–

0.44)

1435 0.81(0.77–

0.85)

607 20.93(19.27–22.60) 42.30 195 26.57(22.84–

30.30)

13.59

2019 164840 2643 1.60(1.54–

1.66)

827 0.50(0.47–

0.54)

1293 0.78(0.74–

0.83)

534 20.20(18.49–21.92) 41.30 182 22.01(18.81–

25.20)

14.08

2020 138149 2276 1.65(1.58–

1.72)

722 0.52(0.48–

0.56)

1122 0.81(0.76–

0.86)

478 21.00(19.12–22.88) 42.60 144 19.94(16.69–

23.20)

12.83

Total 847755 14459 1.71(1.68–

1.73)

4161 0.49(0.48–

0.51)

7445 0.88(0.86–

0.90)

3049 21.09(20.34–21.84) 40.95 976 23.46(21.98–

24.93)

13.11

Abbreviation: PMR = perinatal mortality rate; CHD = congenital heart defect; CI = confidence intervals

https://doi.org/10.1371/journal.pone.0304615.t001
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Prevalence and PMR of specific CHDs

More than half of fetuses with CHD had multiple specific CHDs (52.15%, 2170 / 4161), and

19.83% (825 / 4161) of CHDs were combined with other defects. Most perinatal deaths attrib-

utable to CHDs had congenital malformations of cardiac septa (689 cases, 70.59%), which

mainly included ventricular septal defect (328 cases, 33.61%). Fetuses with congenital malfor-

mations of cardiac chambers and connections were more likely to end in perinatal deaths

(PMR = 66.18%), followed by congenital malformations of aortic and mitral valves

(PMR = 61.18%). Fetuses with the following specific CHDs were more likely to end in perina-

tal deaths: congenital mitral stenosis (80.00%), common arterial trunk (78.95%), double inlet

ventricle (73.33%), stenosis of aorta (73.02%), hypoplastic left heart syndrome (72.73%),

Tetralogy of Fallot (67.35%), double outlet right ventricle (67.24%), congenital stenosis of aor-

tic valve (65.38%), hypoplastic right heart syndrome (64.29%), and stenosis of pulmonary

artery (63.64%). Table 2 shows the details of the PMR of specific CHDs (Table 2).

Results of the univariate analysis

The PMR of CHDs was higher in rural than urban areas (35.62% vs. 14.01%, OR = 3.40, 95%

CI: 2.92–3.95), while lower in multiple births than singletons (10.58% vs. 24.50%, OR = 0.36,

95%CI: 0.25–0.53). Compared to senior high school as maternal education level

(PMR = 25.71%), PMR was higher in junior high school and below (PMR = 34.24%,

OR = 1.50, 95%CI: 1.23–1.85), while lower in university and above (PMR = 18.63%,

OR = 0.66, 95%CI: 0.56–0.78).

PMR of CHDs was negatively associated with maternal age (χ2trend = 52.33, P <0.001) and

time of diagnosis (χ2trend = 2280.77, P<0.001), and was positively associated with number of

pregnancies (χ2trend = 10.17, P = 0.001) (Table 3).

Results of the multivariable logistic regression analysis

Starting with all variables from Table 3, the following variables were selected for the final

model in stepwise logistic regression analysis: residence, maternal age, number of births, num-

ber of pregnancies, and time of diagnosis. In the logistic regression model with mutual adjust-

ment, perinatal deaths attributable to CHDs were more common in rural areas than urban

areas (OR = 2.21, 95%CI: 1.76–2.78) and less common in multiple births than in singletons

(OR = 0.48, 95%CI: 0.28–0.80). Compared to maternal age 25–29 years, perinatal deaths attrib-

utable to CHDs were more common in<20 years (OR = 2.40, 95%CI: 1.05–5.47) or 20–24

years (OR = 2.13, 95%CI: 1.46–3.11), and less common in 30–34 years (OR = 0.75, 95%CI:

0.56–0.99) or> = 35 years (OR = 0.66, 95%CI: 0.46–0.96). Compared to the first pregnancy,

perinatal deaths attributable to CHDs were more common in the number of pregnancies was 2

(OR = 1.60, 95%CI: 1.18–2.18) or 3 (OR = 1.43, 95%CI: 1.01–2.02) or 4 (OR = 1.84, 95%CI:

1.21–2.78) or > = 5 (OR = 2.02, 95%CI: 1.28–3.18). Compared to CHDs diagnosed in the post-

natal period (within 7 days), perinatal deaths attributable to CHDs were more common in

diagnosed in> = 37 gestational weeks (OR = 77.37, 95%CI: 41.37–144.67) or 33–36 gestational

weeks (OR = 305.63, 95%CI: 172.61–541.15) or < = 32 gestational weeks (OR = 395.69, 95%

CI: 233.23–671.33) (Table 4).

Discussion

Overall, perinatal deaths were common in CHDs. Perinatal deaths attributable to CHDs were

more common in rural areas, with low maternal age, high number of pregnancies, and diagno-

sis in the prenatal period (especially at low gestational age). To our knowledge, this study is the

PLOS ONE Perinatal deaths attributable to congenital heart defects

PLOS ONE | https://doi.org/10.1371/journal.pone.0304615 June 13, 2024 5 / 13

https://doi.org/10.1371/journal.pone.0304615


Table 2. Prevalence and PMR of specific CHDs.

Types ICD codes n Prevalence (%, 95%

CI)

Perinatal deaths

(n)

PMR of specific CHDs (%)

*
Congenital malformations of cardiac chambers and

connections

Q20 136 0.016(0.013–0.019) 90 66.18

Common arterial trunk Q20.0 19 0.002(0.001–0.003) 15 78.95

Double outlet right ventricle Q20.1 58 0.007(0.005–0.009) 39 67.24

Discordant ventriculoarterial connection Q20.3 30 0.004(0.002–0.005) 17 56.67

Double inlet ventricle Q20.4 15 0.002(0.001–0.003) 11 73.33

Other Other codes of

Q20

20 0.002(0.001–0.003) 14 70.00

Congenital malformations of cardiac septa Q21 3660 0.432(0.418–0.446) 689 18.83

Ventricular septal defect Q21.0 1604 0.189(0.180–0.198) 328 20.45

Atrial septal defect Q21.1 2327 0.274(0.263–0.286) 30 1.29

Atrioventricular septal defect Q21.2 102 0.012(0.010–0.014) 39 38.24

Tetralogy of Fallot Q21.3 147 0.017(0.015–0.020) 99 67.35

Other Other codes of

Q21

274 0.032(0.028–0.036) 206 75.18

Congenital malformations of pulmonary and tricuspid

valves

Q22 159 0.019(0.016–0.022) 70 44.03

Congenital pulmonary valve stenosis Q22.1 64 0.008(0.006–0.009) 33 51.56

Congenital pulmonary valve insufficiency Q22.2 16 0.002(0.001–0.003) 5 31.25

Hypoplastic right heart syndrome Q22.6 14 0.002(0.001–0.003) 9 64.29

Other congenital malformations of the tricuspid valve Q22.8 53 0.006(0.005–0.008) 14 26.42

Other Other codes of

Q22

25 0.003(0.002–0.004) 16 64.00

Congenital malformations of aortic and mitral valves Q23 85 0.010(0.008–0.012) 52 61.18

Congenital stenosis of aortic valve Q23.0 26 0.003(0.002–0.004) 17 65.38

Congenital mitral stenosis Q23.2 10 0.001(0.000–0.002) 8 80.00

Hypoplastic left heart syndrome Q23.4 33 0.004(0.003–0.005) 24 72.73

Other Other codes of

Q23

22 0.003(0.002–0.004) 8 36.36

Other congenital malformations of the heart Q24 142 0.017(0.014–0.020) 72 50.70

Dextrocardia Q24.0 33 0.004(0.003–0.005) 16 48.48

Malformation of coronary vessels Q24.5 23 0.003(0.002–0.004) 12 52.17

Other specified congenital malformations of the heart Q24.8 31 0.004(0.002–0.005) 17 54.84

Congenital malformation of the heart, unspecified Q24.9 31 0.004(0.002–0.005) 14 45.16

Other Other codes of

Q24

25 0.003(0.002–0.004) 13 52.00

Congenital malformations of great arteries Q25 1772 0.209(0.199–0.219) 170 9.59

Patent ductus arteriosus Q25.0 1550 0.183(0.174–0.192) 15 0.97

Coarctation of aorta Q25.1 53 0.006(0.005–0.008) 33 62.26

Stenosis of aorta Q25.3 63 0.007(0.006–0.009) 46 73.02

Stenosis of the pulmonary artery Q25.6 77 0.009(0.007–0.011) 49 63.64

Other Other codes of

Q25

92 0.011(0.009–0.013) 40 43.48

Congenital malformations of great veins Q26 237 0.028(0.024–0.032) 104 43.88

Persistent left superior vena cava Q26.1 197 0.023(0.020–0.026) 87 44.16

Partial anomalous pulmonary venous connection Q26.3 12 0.001(0.001–0.002) 5 41.67

Anomalous portal venous connection Q26.5 21 0.002(0.001–0.004) 5 23.81

(Continued)
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Table 2. (Continued)

Types ICD codes n Prevalence (%, 95%

CI)

Perinatal deaths

(n)

PMR of specific CHDs (%)

*
Other Other codes of

Q26

11 0.001(0.001–0.002) 7 63.64

Abbreviation: PMR = perinatal mortality rate; CHD = congenital heart defect; ICD = International classification of diseases; CI = confidence intervals

* Note: 52.15% (2170 / 4161) of cases had multiple specific CHDs

https://doi.org/10.1371/journal.pone.0304615.t002

Table 3. Results of the univariate analysis.

Variables CHDs (n) Perinatal deaths (n) PMR (%, 95%CI) Unadjusted OR (95%CI)

Sex

Male 2204 514 23.32(21.31–25.34) Reference

Female 1952 457 23.41(21.27–25.56) 1.01(0.87–1.16)

Unknown 5 5 - -

Residence

Urban 2342 328 14.01(12.49–15.52) Reference

Rural 1819 648 35.62(32.88–38.37) 3.40(2.92–3.95)

Maternal age (years old)

25–29 1700 388 22.82(20.55–25.09) Reference

<20 69 32 46.38(30.31–62.45) 2.92(1.80–4.76)

20–24 474 176 37.13(31.65–42.62) 2.00(1.61–2.48)

30–34 1270 248 19.53(17.10–21.96) 0.82(0.69–0.98)

> = 35 648 132 20.37(16.90–23.85) 0.87(0.69–1.08)

Maternal education level

Senior high school 1540 396 25.71(23.18–28.25) Reference

Junior high school and below 587 201 34.24(29.51–38.98) 1.50(1.23–1.85)

University and above 2034 379 18.63(16.76–20.51) 0.66(0.56–0.78)

Number of births

Singletons 3849 943 24.50(22.94–26.06) Reference

Multiple births 312 33 10.58(6.97–14.19) 0.36(0.25–0.53)

Number of pregnancies (times)

1 (first pregnancy) 1299 262 20.17(17.73–22.61) Reference

2 1186 295 24.87(22.04–27.71) 1.31(1.08–1.58)

3 808 186 23.02(19.71–26.33) 1.18(0.96–1.46)

4 473 126 26.64(21.99–31.29) 1.44(1.13–1.84)

> = 5 395 107 27.09(21.96–32.22) 1.47(1.13–1.91)

Parity

1 (first birth) 2160 516 23.89(21.83–25.95) Reference

2 1756 397 22.61(20.38–24.83) 0.93(0.80–1.08)

> = 3 245 63 25.71(19.36–32.06) 1.10(0.81–1.49)

Time of diagnosis

Postnatal period (within 7 days) 2702 15 0.56(0.27–0.84) Reference

Prenatal period (> = 37 weeks) 140 48 34.29(24.59–43.99) 93.46(50.48–173.03)

Prenatal period (33–36 weeks) 278 184 66.19(56.62–75.75) 350.64(199.28–616.97)

Prenatal period (< = 32 weeks) 1041 729 70.03(64.95–75.11) 418.55(247.72–707.20)

Abbreviation: PMR = perinatal mortality rate; CHD = congenital heart defect; CI = confidence intervals; OR = crude odds ratio

https://doi.org/10.1371/journal.pone.0304615.t003
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most recent systematic study to report PMRs of a broad range of specific CHDs, and on the

association between demographic characteristics and perinatal deaths attributable to CHDs in

China using multivariable logistic regression analysis. Our findings may contribute to the

field.

First, the PMR of CHDs in this study was relatively high (23.46%). The PMR of CHDs was

3.6% in Europe (2000–2005) [19] and 18.3% in Zhejiang Province (a developed province in

eastern China) (2014–2018) [6]. The PMR of CHDs was significantly higher in this study than

in Europe and Zhejiang Province. It may be directly associated with the medical TOP rate, as

the medical TOP rate was 22.49% in this study, 17.04% in Zhejiang Province [6], and 5.6% in

Europe [19]. Although there are relatively few studies reporting the PMR of CHDs, we believe

that the PMR of CHDs may be mainly related to medical and economic conditions because

advanced medical conditions are good for the diagnosis and treatment of CHDs. Better eco-

nomic conditions are good for the survival of children with CHD [19, 23, 24]. Hunan Province

is a relatively undeveloped province in China, and the relatively high PMR of CHDs may be

associated with relatively undeveloped economic and medical conditions [25]. In addition, the

PMR of CHDs showed a downward trend from 2016 to 2020. It may be mainly related to

developing medical and economic conditions, as shown in the Hunan Statistical Yearbook

[25].

In this study, we systematically reported the PMRs of a broad range of specific CHDs. To

our knowledge, relatively few studies have reported the PMR of specific CHDs [26]. In

Table 4. Results of the multivariable logistic regression analysis.

Variables Regression coefficient Standard deviation Wald χ2 P Adjusted OR (95%CI)

Residence

Urban Reference

Rural 0.79 0.12 45.81 <0.001 2.21(1.76–2.78)

Maternal age (years old)

25–29 Reference

<20 0.88 0.42 4.35 0.04 2.40(1.05–5.47)

20–24 0.76 0.19 15.32 <0.001 2.13(1.46–3.11)

30–34 -0.29 0.14 4.18 0.04 0.75(0.56–0.99)

> = 35 -0.41 0.19 4.84 0.03 0.66(0.46–0.96)

Number of births

Singletons Reference

Multiple births -0.74 0.26 8.01 0.005 0.48(0.28–0.80)

Number of pregnancies (times)

1 (first pregnancy) Reference

2 0.47 0.16 9.14 0.002 1.60(1.18–2.18)

3 0.36 0.18 4.18 0.04 1.43(1.01–2.02)

4 0.61 0.21 8.25 0.004 1.84(1.21–2.78)

> = 5 0.70 0.23 9.23 0.002 2.02(1.28–3.18)

Time of diagnosis

Postnatal period (within 7 days) Reference

Prenatal period (> = 37 weeks) 4.35 0.32 185.44 <0.001 77.37(41.37–144.67)

Prenatal period (33–36 weeks) 5.72 0.29 385.38 <0.001 305.63(172.61–541.15)

Prenatal period (< = 32 weeks) 5.98 0.27 491.70 <0.001 395.69(233.23–671.33)

Constant -5.83 0.29 397.22 <0.001

Abbreviations: CHD = congenital heart defect; OR = odds ratio; CI = confidence intervals

https://doi.org/10.1371/journal.pone.0304615.t004
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addition, we also obtained several interesting findings from the PMRs of specific CHDs. For

example, although many specific CHDs are not usually considered severe, they have relatively

high PMR, such as ventricular septal defect [27, 28]. It is associated with the fact that most spe-

cific CHDs combined with other defects [29], and fetuses with multiple birth defects may be

more likely to end in death [30].

Second, in this study, the PMR of CHDs was higher in rural than urban areas. Few studies

have reported the PMR of CHDs by residence. However, many studies have reported a higher

prevalence of CHDs in urban areas than in rural areas [31–33]. We believe that the higher

PMR of CHDs in rural than urban areas may be mainly related to better medical and economic

conditions in urban areas than in rural areas, which may cause a higher TOP rate of CHDs in

rural areas than in urban areas, similar to the above discussion. We believe that the higher

prevalence of CHDs in urban areas than in rural areas may also partly result from the higher

PMR of CHDs in rural areas than in urban areas. In addition, factors other than medical and

economic conditions, such as health knowledge and behaviors, may also contribute to the

higher PMR of CHDs in rural areas than in urban areas. For example, Qun et al. found that

the proportions of obesity, smoking or social drug use or alcohol consumption during preg-

nancy, and mental health illness in pre-pregnancy or during pregnancy were significantly

higher in rural than in urban areas [34], which may contribute to perinatal deaths attributable

to CHDs [35, 36]. In addition, by comparing the results from the univariate and multivariable

logistic regression analysis, we found that mutual adjustment did not affect the associations

considerably, apart from the observation that the OR for rural areas was somewhat attenuated.

It suggests that this analysis apparently covered some, but not all aspects which account for

higher PMRs in rural areas.

Third, perinatal deaths attributable to CHDs were associated with low maternal age, which

may be primarily associated with the higher prevalence of severe CHDs in the low maternal

age group. For example, Mamasoula et al. found an increased total prevalence of very severe

CHDs (including double outlet right ventricle, hypoplastic left heart syndrome, hypoplastic

right heart syndrome, atrioventricular septal defect, coarctation of aorta and atrial septal

defect) in younger mothers compared to those aged 25–29 years [37].

Fourth, perinatal deaths attributable to CHDs were associated with a high number of preg-

nancies. It may also be mainly associated with the higher prevalence of severe CHDs among

pregnant women with a high number of pregnancies. Previous studies have shown that a high

number of pregnancies may be mainly related to spontaneous miscarriage (including many

recurrent miscarriages), which may be associated with many severe birth defects [38]. In addi-

tion, miscarriage may indicate that the pregnant woman has many other disorders, such as

parental chromosomal anomalies, maternal thrombophilic disorders, immune dysfunction,

and various endocrine disturbances [39], which may also contribute to perinatal deaths.

Fifth, perinatal deaths attributable to CHDs were more common in CHDs diagnosed pre-

natally (especially at low gestational age), which may be mainly associated with consideration

of maternal health. Generally, suppose a pregnant woman has a fetus with severe birth defects

(which is not survivable). In that case, they choose to terminate the pregnancy as soon as possi-

ble to minimize the adverse health effects [40, 41]. In addition, with the development of prena-

tal screening and diagnosis of CHDs, an increasing number of CHDs are diagnosed and

terminated before 28 weeks of gestational age, which is not included in perinatal deaths [6, 42].

Sixth, perinatal deaths attributable to CHDs were less common in multiple births than in

singletons. It is inconsistent with common sense. There are a few similar reports. For example,

previous studies have shown that most multiple births were associated with assisted reproduc-

tive technology [43], and adverse pregnancy outcomes, including birth defects and perinatal

deaths, were more common in multiple births [44–46]. However, in this study, perinatal
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deaths attributable to CHDs were less common in multiple births than in singletons. It may be

mainly associated with parental attitudes towards CHDs. Most parents who conceive by assis-

ted reproductive technology may have reproductive difficulties, and they are more willing to

give birth to fetuses than those who conceive naturally, even if the fetuses are born with birth

defects [47], which may explain the lower PMR of CHDs in multiple births than in singletons.

Some things could be improved. First, most cases had multiple specific CHDs, and many

CHDs were combined with other defects. However, we did not analyze these multiple defects

in depth due to data and analytic method limitations. Second, some demographic characteris-

tics that may be associated with perinatal deaths attributable to CHDs were not included in

this study due to data limitations, such as paternal age, maternal body mass index, gestational

weight gain, and gestational diabetes. Third, our findings showed an association, but not a

causal relationship, between perinatal deaths attributable to CHDs and a broad range of demo-

graphic characteristics, which need to be further investigated in the future. Fourth, CHDs

before 28 weeks of gestation or within 7 days of birth were not included in this study due to

data limitations.

Conclusion

Perinatal deaths were common in CHDs in Hunan in 2016–2020. Several demographic char-

acteristics were associated with perinatal deaths attributable to CHDs, which may be summa-

rized mainly as economic and medical conditions, severity of CHDs, and parental attitudes

toward CHDs.
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4. Liu Y, Chen S, Zühlke L, Black GC, Choy MK, Li N, et al. Global birth prevalence of congenital heart

defects 1970–2017: updated systematic review and meta-analysis of 260 studies. Int J Epidemiol.

2019; 48(2):455–63. https://doi.org/10.1093/ije/dyz009 PMID: 30783674; PubMed Central PMCID:

PMC6469300.

5. van der Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA, Takkenberg JJ, et al. Birth preva-

lence of congenital heart disease worldwide: a systematic review and meta-analysis. J Am Coll Cardiol.

2011; 58(21):2241–7. https://doi.org/10.1016/j.jacc.2011.08.025 PMID: 22078432.

6. Zhang X, Sun Y, Zhu J, Zhu Y, Qiu L. Epidemiology, prenatal diagnosis, and neonatal outcomes of con-

genital heart defects in eastern China: a hospital-based multicenter study. BMC Pediatr. 2020; 20

(1):416. Epub 20200902. https://doi.org/10.1186/s12887-020-02313-4 PMID: 32878605; PubMed Cen-

tral PMCID: PMC7466801.

7. 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. Frontiers in pediatrics. 2022; 10:756444. Epub 2022/04/05. https://doi.org/

10.3389/fped.2022.756444 PMID: 35372159; PubMed Central PMCID: PMC8975146.

8. 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(11):1100–11. Epub 2017/08/25. https://doi.org/10.1002/pd.5148 PMID:

28837248.

9. 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(1):790. Epub 20231113. https://doi.org/10.

1186/s12884-023-06092-5 PMID: 37957594; PubMed Central PMCID: PMC10644441.

10. Rosano A, Botto LD, Botting B, Mastroiacovo P. Infant mortality and congenital anomalies from 1950 to

1994: an international perspective. J Epidemiol Community Health. 2000; 54(9):660–6. https://doi.org/

10.1136/jech.54.9.660 PMID: 10942444; PubMed Central PMCID: PMC1731756.

11. Lehtonen L, Gimeno A, Parra-Llorca A, Vento M. Early neonatal death: A challenge worldwide. Semin

Fetal Neonatal Med. 2017; 22(3):153–60. Epub 2017/02/28. https://doi.org/10.1016/j.siny.2017.02.006

PMID: 28238633.

12. 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(1):133–40. https://doi.org/10.1097/

AOG.0000000000003614 PMID: 31809437; PubMed Central PMCID: PMC7033649.

13. South AP, Stutey KM, Meinzen-Derr J. Meta analysis of the prevalence of intrauterine fetal death in gas-

troschisis. Am J Obstet Gynecol. 2013; 209(2):114.e1-13. Epub 20130426. https://doi.org/10.1016/j.

ajog.2013.04.032 PMID: 23628262.

14. Deng K, Qiu J, Dai L, Yi L, Deng C, Mu Y, et al. Perinatal mortality in pregnancies with omphalocele:

data from the Chinese national birth defects monitoring network, 1996–2006. BMC Pediatr. 2014;

14:160. Epub 20140623. https://doi.org/10.1186/1471-2431-14-160 PMID: 24953381; PubMed Central

PMCID: PMC4075420.

15. Zhou X, Jiang Y, Fang J, Wang H, Xie D, Kuang H, et al. Incidence of cleft lip and palate, and epidemiol-

ogy of perinatal deaths related to cleft lip and palate in Hunan Province, China, 2016–2020. Sci Rep.

2023; 13(1):10304. Epub 20230626. https://doi.org/10.1038/s41598-023-37436-y PMID: 37365256;

PubMed Central PMCID: PMC10293189.

16. Dolk H, Loane M, Garne E. The prevalence of congenital anomalies in Europe. Advances in experimen-

tal medicine and biology. 2010; 686:349–64. Epub 2010/09/09. https://doi.org/10.1007/978-90-481-

9485-8_20 PMID: 20824455.

17. Dai L, Zhou GX, Zhu J, Miao L, Wang YP, Wu YQ, et al. [Impacts of birth defects on perinatal deaths in

Chinese population]. Zhonghua Liu Xing Bing Xue Za Zhi. 2004; 25(2):138–41. PMID: 15132868.

18. Davidson N, Halliday J, Riley M, King J. Influence of prenatal diagnosis and pregnancy termination of

fetuses with birth defects on the perinatal mortality rate in Victoria, Australia. Paediatr Perinat Epidemiol.

2005; 19(1):50–5. https://doi.org/10.1111/j.1365-3016.2004.00620.x PMID: 15670109.

19. Dolk H, Loane M, Garne E. Congenital heart defects in Europe: prevalence and perinatal mortality,

2000 to 2005. Circulation. 2011; 123(8):841–9. Epub 20110214. https://doi.org/10.1161/

CIRCULATIONAHA.110.958405 PMID: 21321151.

20. Beroukhim RS, Gauvreau K, Benavidez OJ, Baird CW, LaFranchi T, Tworetzky W. Perinatal outcome

after prenatal diagnosis of single-ventricle cardiac defects. Ultrasound Obstet Gynecol. 2015; 45

(6):657–63. Epub 20150423. https://doi.org/10.1002/uog.14634 PMID: 25042627.

21. Pace ND, Oster ME, Forestieri NE, Enright D, Knight J, Meyer RE. Sociodemographic Factors and Sur-

vival of Infants With Congenital Heart Defects. Pediatrics. 2018; 142(3). Epub 20180815. https://doi.

org/10.1542/peds.2018-0302 PMID: 30111552.

PLOS ONE Perinatal deaths attributable to congenital heart defects

PLOS ONE | https://doi.org/10.1371/journal.pone.0304615 June 13, 2024 11 / 13

https://doi.org/10.1093/ije/dyz009
http://www.ncbi.nlm.nih.gov/pubmed/30783674
https://doi.org/10.1016/j.jacc.2011.08.025
http://www.ncbi.nlm.nih.gov/pubmed/22078432
https://doi.org/10.1186/s12887-020-02313-4
http://www.ncbi.nlm.nih.gov/pubmed/32878605
https://doi.org/10.3389/fped.2022.756444
https://doi.org/10.3389/fped.2022.756444
http://www.ncbi.nlm.nih.gov/pubmed/35372159
https://doi.org/10.1002/pd.5148
http://www.ncbi.nlm.nih.gov/pubmed/28837248
https://doi.org/10.1186/s12884-023-06092-5
https://doi.org/10.1186/s12884-023-06092-5
http://www.ncbi.nlm.nih.gov/pubmed/37957594
https://doi.org/10.1136/jech.54.9.660
https://doi.org/10.1136/jech.54.9.660
http://www.ncbi.nlm.nih.gov/pubmed/10942444
https://doi.org/10.1016/j.siny.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/28238633
https://doi.org/10.1097/AOG.0000000000003614
https://doi.org/10.1097/AOG.0000000000003614
http://www.ncbi.nlm.nih.gov/pubmed/31809437
https://doi.org/10.1016/j.ajog.2013.04.032
https://doi.org/10.1016/j.ajog.2013.04.032
http://www.ncbi.nlm.nih.gov/pubmed/23628262
https://doi.org/10.1186/1471-2431-14-160
http://www.ncbi.nlm.nih.gov/pubmed/24953381
https://doi.org/10.1038/s41598-023-37436-y
http://www.ncbi.nlm.nih.gov/pubmed/37365256
https://doi.org/10.1007/978-90-481-9485-8%5F20
https://doi.org/10.1007/978-90-481-9485-8%5F20
http://www.ncbi.nlm.nih.gov/pubmed/20824455
http://www.ncbi.nlm.nih.gov/pubmed/15132868
https://doi.org/10.1111/j.1365-3016.2004.00620.x
http://www.ncbi.nlm.nih.gov/pubmed/15670109
https://doi.org/10.1161/CIRCULATIONAHA.110.958405
https://doi.org/10.1161/CIRCULATIONAHA.110.958405
http://www.ncbi.nlm.nih.gov/pubmed/21321151
https://doi.org/10.1002/uog.14634
http://www.ncbi.nlm.nih.gov/pubmed/25042627
https://doi.org/10.1542/peds.2018-0302
https://doi.org/10.1542/peds.2018-0302
http://www.ncbi.nlm.nih.gov/pubmed/30111552
https://doi.org/10.1371/journal.pone.0304615


22. Petersen MR, Deddens JA. A comparison of two methods for estimating prevalence ratios. BMC medi-

cal research methodology. 2008; 8:9. Epub 2008/03/01. https://doi.org/10.1186/1471-2288-8-9 PMID:

18307814; PubMed Central PMCID: PMC2292207.

23. 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. Frontiers in pediatrics. 2017; 5:120. Epub 2017/06/15. https://doi.

org/10.3389/fped.2017.00120 PMID: 28611969; PubMed Central PMCID: PMC5447026.

24. Miller HE, Fraz F, Zhang J, Henkel A, Leonard SA, Maskatia SA, et al. Abortion Bans and Resource Uti-

lization for Congenital Heart Disease: A Decision Analysis. Obstet Gynecol. 2023; 142(3):652–9. Epub

20230803. https://doi.org/10.1097/aog.0000000000005291 PMID: 37535962.

25. The_People’s_Government_of_Hunan_Province. Statistical Yearbook of Hunan [cited 2024 2024-3-

25]. Available from: https://hunan.gov.cn/hnszf/zfsj/tjnj/tygl.html.

26. Rasiah SV, Ewer AK, Miller P, Wright JG, Tonks A, Kilby MD. Outcome following prenatal diagnosis of

complete atrioventricular septal defect. Prenat Diagn. 2008; 28(2):95–101. https://doi.org/10.1002/pd.

1922 PMID: 18236422.

27. Spicer DE, Hsu HH, Co-Vu J, Anderson RH, Fricker FJ. Ventricular septal defect. Orphanet J Rare Dis.

2014; 9:144. Epub 20141219. https://doi.org/10.1186/s13023-014-0144-2 PMID: 25523232; PubMed

Central PMCID: PMC4316658.

28. Panel PGaPRAoFHDE. Consensus on the medical model and technical process of multidisciplinary

diagnosis and treatment and precision integrated prevention and management of fetal heart disease in

maternal-fetal medicine (Part I): Expert consensus on prognosis grading and perinatal risk assessment

of fetal heart disease. Chin J Perinat Med. 2022; 25:321–5. https://doi.org/10.3760/cma.j.cn113903-

20220323-00281

29. Agopian AJ, Evans JA, Lupo PJ. Analytic Methods for Evaluating Patterns of Multiple Congenital Anom-

alies in Birth Defect Registries. Birth Defects Res. 2018; 110(1):5–11. Epub 20170919. https://doi.org/

10.1002/bdr2.1115 PMID: 28925590.

30. Calzolari E, Barisic I, Loane M, Morris J, Wellesley D, Dolk H, et al. Epidemiology of multiple congenital

anomalies in Europe: a EUROCAT population-based registry study. Birth Defects Res A Clin Mol Tera-

tol. 2014; 100(4):270–6. Epub 20140411. https://doi.org/10.1002/bdra.23240 PMID: 24723551.

31. 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. Scientific reports. 2023; 13(1):20257. Epub 2023/11/21. https://

doi.org/10.1038/s41598-023-47741-1 PMID: 37985789; PubMed Central PMCID: PMC10662386.

32. Yu Z, Li D, Sun L, Zhao X, Chang H, Cui L, et al. Long-term trends in the incidence of congenital anoma-

lies in Central China from 1997 to 2019. Public Health. 2022; 203:47–52. Epub 20220113. https://doi.

org/10.1016/j.puhe.2021.12.007 PMID: 35032914.

33. Zhao L, Chen L, Yang T, Wang T, Zhang S, Chen L, et al. Birth prevalence of congenital heart disease

in China, 1980–2019: a systematic review and meta-analysis of 617 studies. Eur J Epidemiol. 2020; 35

(7):631–42. Epub 20200609. https://doi.org/10.1007/s10654-020-00653-0 PMID: 32519018; PubMed

Central PMCID: PMC7387380.

34. Miao Q, Dunn S, Wen SW, Lougheed J, Sharif F, Walker M. Associations of congenital heart disease

with deprivation index by rural-urban maternal residence: a population-based retrospective cohort study

in Ontario, Canada. BMC Pediatr. 2022; 22(1):476. Epub 20220805. https://doi.org/10.1186/s12887-

022-03498-6 PMID: 35931992; PubMed Central PMCID: PMC9356510.

35. Wu L, Li N, Liu Y. Association Between Maternal Factors and Risk of Congenital Heart Disease in Off-

spring: A Systematic Review and Meta-Analysis. Matern Child Health J. 2023; 27(1):29–48. Epub

20221107. https://doi.org/10.1007/s10995-022-03538-8 PMID: 36344649; PubMed Central PMCID:

PMC9867685.

36. Ou Y, Mai J, Zhuang J, Liu X, Wu Y, Gao X, et al. Risk factors of different congenital heart defects in

Guangdong, China. Pediatr Res. 2016; 79(4):549–58. Epub 20151217. https://doi.org/10.1038/pr.

2015.264 PMID: 26679154.

37. Mamasoula C, Bigirumurame T, Chadwick T, Addor MC, Cavero-Carbonell C, Dias CM, et al. Maternal

age and the prevalence of congenital heart defects in Europe, 1995–2015: A register-based study. Birth

Defects Res. 2023; 115(6):583–94. Epub 20230203. https://doi.org/10.1002/bdr2.2152 PMID:

36734416.

38. Tennstedt C, Chaoui R, Körner H, Dietel M. Spectrum of congenital heart defects and extracardiac mal-

formations associated with chromosomal abnormalities: results of a seven year necropsy study. Heart.

1999; 82(1):34–9. https://doi.org/10.1136/hrt.82.1.34 PMID: 10377306; PubMed Central PMCID:

PMC1729082.

PLOS ONE Perinatal deaths attributable to congenital heart defects

PLOS ONE | https://doi.org/10.1371/journal.pone.0304615 June 13, 2024 12 / 13

https://doi.org/10.1186/1471-2288-8-9
http://www.ncbi.nlm.nih.gov/pubmed/18307814
https://doi.org/10.3389/fped.2017.00120
https://doi.org/10.3389/fped.2017.00120
http://www.ncbi.nlm.nih.gov/pubmed/28611969
https://doi.org/10.1097/aog.0000000000005291
http://www.ncbi.nlm.nih.gov/pubmed/37535962
https://hunan.gov.cn/hnszf/zfsj/tjnj/tygl.html
https://doi.org/10.1002/pd.1922
https://doi.org/10.1002/pd.1922
http://www.ncbi.nlm.nih.gov/pubmed/18236422
https://doi.org/10.1186/s13023-014-0144-2
http://www.ncbi.nlm.nih.gov/pubmed/25523232
https://doi.org/10.3760/cma.j.cn113903-20220323-00281
https://doi.org/10.3760/cma.j.cn113903-20220323-00281
https://doi.org/10.1002/bdr2.1115
https://doi.org/10.1002/bdr2.1115
http://www.ncbi.nlm.nih.gov/pubmed/28925590
https://doi.org/10.1002/bdra.23240
http://www.ncbi.nlm.nih.gov/pubmed/24723551
https://doi.org/10.1038/s41598-023-47741-1
https://doi.org/10.1038/s41598-023-47741-1
http://www.ncbi.nlm.nih.gov/pubmed/37985789
https://doi.org/10.1016/j.puhe.2021.12.007
https://doi.org/10.1016/j.puhe.2021.12.007
http://www.ncbi.nlm.nih.gov/pubmed/35032914
https://doi.org/10.1007/s10654-020-00653-0
http://www.ncbi.nlm.nih.gov/pubmed/32519018
https://doi.org/10.1186/s12887-022-03498-6
https://doi.org/10.1186/s12887-022-03498-6
http://www.ncbi.nlm.nih.gov/pubmed/35931992
https://doi.org/10.1007/s10995-022-03538-8
http://www.ncbi.nlm.nih.gov/pubmed/36344649
https://doi.org/10.1038/pr.2015.264
https://doi.org/10.1038/pr.2015.264
http://www.ncbi.nlm.nih.gov/pubmed/26679154
https://doi.org/10.1002/bdr2.2152
http://www.ncbi.nlm.nih.gov/pubmed/36734416
https://doi.org/10.1136/hrt.82.1.34
http://www.ncbi.nlm.nih.gov/pubmed/10377306
https://doi.org/10.1371/journal.pone.0304615


39. Larsen EC, Christiansen OB, Kolte AM, Macklon N. New insights into mechanisms behind miscarriage.

BMC Med. 2013; 11:154. Epub 20130626. https://doi.org/10.1186/1741-7015-11-154 PMID:

23803387; PubMed Central PMCID: PMC3699442.

40. Kapp N, Lohr PA. Modern methods to induce abortion: Safety, efficacy and choice. Best practice &

research Clinical obstetrics & gynaecology. 2020; 63:37–44. Epub 2020/02/08. https://doi.org/10.1016/

j.bpobgyn.2019.11.008 PMID: 32029379.

41. LaFerla JJ. Midtrimester abortion: techniques and complications. Clinics in perinatology. 1983; 10

(2):305–20. Epub 1983/06/01. PMID: 6413116.

42. 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(7):479–89. Epub 20230607. https://doi.org/10.1016/S2352-4642(23)00051-2

PMID: 37301215.

43. Blondel B, Kaminski M. Trends in the occurrence, determinants, and consequences of multiple births.

Semin Perinatol. 2002; 26(4):239–49. https://doi.org/10.1053/sper.2002.34775 PMID: 12211614.

44. Qin JB, Sheng XQ, Wang H, Chen GC, Yang J, Yu H, et al. Worldwide prevalence of adverse preg-

nancy outcomes associated with in vitro fertilization/intracytoplasmic sperm injection among multiple

births: a systematic review and meta-analysis based on cohort studies. Arch Gynecol Obstet. 2017; 295

(3):577–97. Epub 20170206. https://doi.org/10.1007/s00404-017-4291-2 PMID: 28168654.

45. Giorgione V, Parazzini F, Fesslova V, Cipriani S, Candiani M, Inversetti A, et al. Congenital heart

defects in IVF/ICSI pregnancy: systematic review and meta-analysis. Ultrasound Obstet Gynecol.

2018; 51(1):33–42. https://doi.org/10.1002/uog.18932 PMID: 29164811.

46. Liberman RF, Getz KD, Heinke D, Luke B, Stern JE, Declercq ER, et al. Assisted Reproductive Tech-

nology and Birth Defects: Effects of Subfertility and Multiple Births. Birth Defects Res. 2017; 109

(14):1144–53. Epub 20170621. https://doi.org/10.1002/bdr2.1055 PMID: 28635008; PubMed Central

PMCID: PMC5555800.

47. Zhang XH, Qiu LQ, Huang JP. Risk of birth defects increased in multiple births. Birth defects research

Part A, Clinical and molecular teratology. 2011; 91(1):34–8. Epub 2010/10/05. https://doi.org/10.1002/

bdra.20725 PMID: 20890935.

PLOS ONE Perinatal deaths attributable to congenital heart defects

PLOS ONE | https://doi.org/10.1371/journal.pone.0304615 June 13, 2024 13 / 13

https://doi.org/10.1186/1741-7015-11-154
http://www.ncbi.nlm.nih.gov/pubmed/23803387
https://doi.org/10.1016/j.bpobgyn.2019.11.008
https://doi.org/10.1016/j.bpobgyn.2019.11.008
http://www.ncbi.nlm.nih.gov/pubmed/32029379
http://www.ncbi.nlm.nih.gov/pubmed/6413116
https://doi.org/10.1016/S2352-4642%2823%2900051-2
http://www.ncbi.nlm.nih.gov/pubmed/37301215
https://doi.org/10.1053/sper.2002.34775
http://www.ncbi.nlm.nih.gov/pubmed/12211614
https://doi.org/10.1007/s00404-017-4291-2
http://www.ncbi.nlm.nih.gov/pubmed/28168654
https://doi.org/10.1002/uog.18932
http://www.ncbi.nlm.nih.gov/pubmed/29164811
https://doi.org/10.1002/bdr2.1055
http://www.ncbi.nlm.nih.gov/pubmed/28635008
https://doi.org/10.1002/bdra.20725
https://doi.org/10.1002/bdra.20725
http://www.ncbi.nlm.nih.gov/pubmed/20890935
https://doi.org/10.1371/journal.pone.0304615

