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Abstract
Objective: Current studies have suggested that fetal congenital heart diseases (CHDs) are caused by
various factors. However, few data is available with respect to the aspect in China. This study aimed to
detect associated maternal and fetal factors of fetal CHD in a large sample in China.

Study Design: Pregnant women who underwent fetal echocardiography (N=5024) were recruited in our
hospital between May 2018 and September 2019. Of these, 875 pregnant women had fetuses with CHD.
The maternal sociodemographic and lifestyle characteristics and some fetal factors were obtained. We
used forward stepwise logistic regression analysis to assess the associations of fetal CHD with various
factors.

Results: Among the fetal CHD group (N=875), critical CHDs account for 27%, of which Tetralogy of Fallot
is the most (7.1%), followed by coarctation of aorta (4.0%), Double-outlet right ventricle (2.9%). The
forward stepwise logistic regression models revealed that gravidity (OR=1.32, 95%CI 1.21-1.43, P=0.000),
upper respiratory tract infection during early pregnancy (OR=1.30, 95%CI 1.04-1.63, P=0.021), mental
stress during early pregnancy (OR=2.87, 95%CI 1.35-5.92, P=0.006), single umbilical artery (OR=2.46,
95%CI 1.24-4.85, P=0.010), and parental smoking (OR=1.20, 95%CI 1.00-1.45, P=0.048) are positively
associated with an increased risk of fetal CHD.

Conclusion: We identi�ed two maternal factors and two fetal factors positively associated with fetal
CHD.. These �ndings suggest that it is important to strengthen healthcare and prenatal counseling for
women with these factors.

1 Introduction
Congenital heart disease (CHD) results from a defect in the structure and function of the heart caused by
abnormal heart development during the fetal period. CHD is a large, rapidly emerging global problem in
child health; in the Global, regional, and national burden of CHD Study 2017, the global prevalence of
CHD is estimated to be nearly 1.8‰ [1]. In China, the prevalence of CHD is 8.98 per 1000 live births [2],
signi�cantly higher than global level, de�nitely with much higher disease burden of CHD. It is also one of
the leading causes of morbidity and mortality in the perinatal and infant periods [3, 4]. As for fetal CHD,
the prevalence cannot be reasonably estimated due to prenatal detection rates and intrauterine loss.

Current research has shown that many factors are associated with an increased risk of CHD in the fetus,
including genetic [5] and maternal or fetal factors, both of which are addressed for their associations with
various risks in the Scienti�c Statement from the American Heart Association (AHA) [6]. However,
available information about the association of maternal and fetal factors with CHD is limited in China,
especially for fetal CHD. Therefore, this study is conducted to assess the factors that in�uence fetal CHD
in a large sample size in China.

2 Materials And Methods
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2.1 Study design and participants
Our study was a population-based study of 5024 pregnant women who underwent fetal
echocardiography from May 2018 to September 2019 at our center. All data are kept in our center's
maternal-fetal medicine database. Fetal ages were calculated from the last menstrual period. Enrollment
criteria included (1) relatively complete data, and (2) a fetal heart examination and diagnosis of fetal CHD
meeting the speci�cations for the diagnosis and treatment of fetal cardiac disease released by AHA[6].
The exclusion criteria were including duplicate cases, subjects with more than 50% missing variables,
variables with more than 50% missing data, and variables with only one assignment in the population,
such as administration of angiotensin-converting enzyme inhibitors (ACEI), retinoic acid, lithium,
anticonvulsants or selective serotonin reuptake inhibitors, and history of consanguinuous marriage. This
study was approved by the Institutional Review Board of Beijing Anzhen Hospital, Capital Medical
University, and written informed consent was signed by all participants.

2.2 Data collection
We acquired the following information through questionnaires while patients were waiting to be
examined: (1) maternal sociodemographic and lifestyle characteristics: including age, comorbidities
(diabetes, upper respiratory infection during early pregnancy, anemia, connective tissue diseases with
anti-SSA/SSB positive and thyroid disease), mental stress during early pregnancy, medication exposure,
history of CHD, consanguineous marriage, employment and bad habits of subjects and spouses,
occupational radiation exposure, pet-keeping and indoor decoration. Early pregnancy usually refers to the
�rst trimester of pregnancy. (2) pregnancy-related characteristics: including the gravidity, history of
induced labor or spontaneous abortion, fertilization way, progesterone use and genetic testing of this
pregnancy, and gestational weeks (GWs), (3)fetal factors, including single or twin fetuses, fetal hydrops,
single umbilical artery (SUA), persistent right umbilical vein (PRUV), and results of fetal
echocardiography. Anemia was de�ned as hemoglobin (g/dL) and hematocrit (percentage) levels below
11 g/dL and 33%, respectively, in the �rst trimester; 10.5 g/dL and 32%, respectively, in the second
trimester; and 11 g/dL and 33%, respectively, in the third trimester [7]. Smokers were de�ned as smoking
(≥ 10 cigarettes/d) and passive smoking status of pregnant women from the �rst 3 months before
pregnancy to the �rst 3 months of pregnancy (with spouse’s smoking ≥ 10 cigarettes/d). Drinkers were
de�ned as alcohol consumption of 3 drinks/week or 1 drink/d for 6 months prior to pregnancy for
spouses or /and during pregnancy for pregnant women, and 1 drink was equivalent to 12g alcohol.

2.3 Diagnosis of Fetal CHD
The outcome variables were any form of fetal CHD. The diagnosis of fetal CHD was based on fetal
echocardiography using a Voluson E8-RAB4-8 machine equipped with a 2- to 8-MHz transducer (GE
Healthcare, Little Chalfont, United Kingdom). The acquisition of fetal echocardiographic images was
performed according to the guidelines and standards of the AHA (6) and the International Society of
Ultrasound in Obstetrics and Gynecology (ISUOG) [8].
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Fetal echocardiography was performed by experienced associate chief physicians and chief physicians,
and diagnoses were then made by these individuals based on grayscale and color images and pulse
wave Doppler according to multiple section screening, including four-chamber, left and right ventricular
out�ow tract (LVOT and RVOT), three-vessel (3V), and three vessels and trachea (3VT) views as well as
sagittal views of the superior and inferior vena cavae, aortic arch, and ductal arch. In our center, we have
been con�rmed the diagnostic accuracy of fetal echocardiography by comparing with autopsy �ndings.
The major cardiovascular malformations in about 98.8% of cases were accurately diagnosed by fetal
echocardiography [9].

2.4 Statistical analysis
Continuous variables with a Gaussian distribution are expressed as the mean ± standard deviation and
were compared using a t-test between the two groups, while non-Gaussian variables are expressed as the
median (interquartile range, IQR) and were compared using a non-parameter test between the groups.
Noncontinuous variables are expressed as percentages (%). Chi-square tests were performed to compare
the variables between the two groups. Multivariate logistic regression analyses using forward stepwise
(likelihood ratio) were performed to evaluate the factors independently associated with the outcome
variables. The independent variables included the maternal and fetal factors mentioned above. The odd
ratio (OR) and 95% con�dence interval (CI) were used to express the magnitude of the association
between outcome and risk factors. Statistical signi�cance was achieved with a two-tailed value of P < 
0.05. The Statistical Package for Social Science, version 22 for Windows (SPSS22.0) was used for
statistical analyses.

3 Results

3.1 Baseline characteristics in the normal group and the
fetal CHD group
Among all the participants, 875 pregnant women had fetal CHD fetuses, while 4149 women had normal
fetuses. The mean age for the pregnant women and their spouses in the CHD group was 30.36, 31.79
years old, younger than that in the normal group, 31.03 or 32.65 years old, respectively (all P < 0.05). The
gestational ages for both groups were about 26 weeks. The subjects in CHD group had more pregnancies
than the normal group (all P < 0.05). The proportion of spontaneous abortion, induced labor, childbirth,
progesterone use, upper respiratory tract infection in early pregnancy, mental stress during pregnancy,
and spouse’s current smoking and drinking was higher in the CHD group than in the control group(all P < 
0.05). In addition, CHD group had a higher rate of fetal hydrops and amniotic �uid abnormality than the
control group (all P < 0.05) (Table 1).
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Table 1
Baseline characteristics of the normal group and the fetal CHD group

Variables Normal group CHD group P-
value

N 4149 875  

Age 31.03 (4.25) 30.36 (4.27) < 
0.001

Gestational Weeks 26.08 (2.82) 26.77 (3.82) < 
0.001

Parental age 32.65 (5.07) 31.79 (4.79) < 
0.001

Gravidity 2.00 (1.00–
2.00)

2.00 (1.00–
3.00)

0.031

Spontaneous abortion     < 
0.001

No 2810 (70.51%) 533 (63.00%)  

Yes 1175 (29.49%) 313 (37.00%)  

Induced labor     0.003

No 3848 (98.46%) 795 (96.95%)  

Yes 60 (1.54%) 25 (3.05%)  

Delivery history     0.002

No 2775 (70.38%) 542 (64.83%)  

Yes 1168 (29.62%) 294 (35.17%)  

Fertilization way     0.735

Natural conception 3829 (95.87%) 818 (96.12%)  

In-Vitro Fertilization 165 (4.13%) 33 (3.88%)  

Progesterone use     0.026

No 3248 (83.30%) 664 (80.10%)  

Yes 651 (16.70%) 165 (19.90%)  

Down's or noninvasive DNA testing     0.419

Low risk 3219 (95.69%) 685 (95.01%)  

High risk 145 (4.31%) 36 (4.99%)  

CHD: congenital heart disease
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Variables Normal group CHD group P-
value

Anemia     0.76

No 4129 (99.61%) 870 (99.54%)  

Yes 16 (0.39%) 4 (0.46%)  

Thyroid disorders     0.437

No 4113 (99.13%) 865 (98.86%)  

Yes 36 (0.87%) 10 (1.14%)  

Upper respiratory tract infection in early pregnancy     < 
0.001

No 3540 (85.32%) 707 (80.80%)  

Yes 609 (14.68%) 168 (19.20%)  

Autoimmune disease     0.603

No 4108 (99.01%) 868 (99.20%)  

Yes 41 (0.99%) 7 (0.80%)  

Diabetes mellitus     0.886

No 4104 (98.92%) 865 (98.97%)  

Yes 45 (1.08%) 9 (1.03%)  

Nonsteroidal anti-in�ammatory drugs     0.925

No 4129 (99.57%) 871 (99.54%)  

Yes 18 (0.43%) 4 (0.46%)  

Vitamin K–antagonist     0.961

No 4140 (99.88%) 874 (99.89%)  

Yes 5 (0.12%) 1 (0.11%)  

Maternal smoking     0.987

No 4138 (99.78%) 873 (99.77%)  

Former smokers 5 (0.12%) 1 (0.11%)  

Current smokers 4 (0.10%) 1 (0.11%)  

Maternal drinking     0.087

CHD: congenital heart disease
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Variables Normal group CHD group P-
value

No 4139 (99.83%) 873 (99.77%)  

Former drinkers 7 (0.17%) 1 (0.11%)  

Current drinkers 0 (0.00%) 1 (0.11%)  

Parental smoking     0.013

No 3897 (93.97%) 800 (91.43%)  

Former smokers 30 (0.72%) 12 (1.37%)  

Current smokers 220 (5.31%) 63 (7.20%)  

Parental drinking     0.031

No 3986 (96.12%) 824 (94.17%)  

Former drinkers 40 (0.96%) 14 (1.60%)  

Current drinkers 121 (2.92%) 37 (4.23%)  

Spouse's medication use during preparation for
pregnancy

    0.014

No 4102 (99.11%) 857 (98.17%)  

Yes 37 (0.89%) 16 (1.83%)  

Mental stress during early pregnancy     < 
0.001

No 4120 (99.32%) 858 (98.17%)  

Yes 28 (0.68%) 16 (1.83%)  

Occupational radiation exposure     0.099

No 4132 (99.61%) 868 (99.20%)  

Yes 16 (0.39%) 7 (0.80%)  

Family history of CHD     0.828

No 4140 (99.81%) 872 (99.77%)  

Yes 8 (0.19%) 2 (0.23%)  

Multifetation     0.238

No 4060 (97.90%) 851 (97.26%)  

CHD: congenital heart disease
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Variables Normal group CHD group P-
value

Yes 87 (2.10%) 24 (2.74%)  

Fetal hydrops     < 
0.001

No 4135 (99.81%) 867 (99.09%)  

Yes 8 (0.19%) 8 (0.91%)  

amniotic �uid volume     0.009

Normal 4103 (99.37%) 860 (98.51%)  

Abnormal 26 (0.63%) 13 (1.49%)  

Pet-keeping     0.608

No 3974 (95.85%) 842 (96.23%)  

Yes 172 (4.15%) 33 (3.77%)  

Indoor decoration during pregnancy     0.147

No 4130 (99.81%) 871 (99.54%)  

Yes 8 (0.19%) 4 (0.46%)  

Single umbilical artery     0.108

No 4112 (99.11%) 862 (98.51%)  

Yes 37 (0.89%) 13 (1.49%)  

Persistent right umbilical vein     0.41

No 4114 (99.16%) 870 (99.43%)  

Yes 35 (0.84%) 5 (0.57%)  

CHD: congenital heart disease

3.2 Different types of fetal CHD in the case group
Among the cases of fetal CHD, the top three types are congenital anomaly of a ventricle or the ventricular
septum, ventriculo-arterial connection and the great arteries, including the arterial duct. In addition, critical
CHDs account for 27%, of which Tetralogy of Fallot is the most (7.1%), followed by coarctation of aorta
(4.0%), Double-outlet right ventricle (2.9%), D-transposition of the great arteries (2.5%), and Pulmonary
atresia with intact septum (2.1%) (Table 2).
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Table 2
Different types of fetal critical CHD in the case group

Types of fetal CHD N(%)

Overall CHD 875(100%)

Critical CHDs 236(27.0%)

Tetralogy of Fallot 62(7.1%)

Coarctation of the aorta 35(4.0%)

Double-outlet right ventricle 25(2.9%)

D-transposition of the great arteries 22(2.5%)

Pulmonary atresia with intact septum 18(2.1%)

Single ventricle 16(1.8%)

Total anomalous pulmonary venous connection 15(1.7%)

Hypoplastic left heart syndrome 11(1.3%)

Interrupted aortic arch 11(1.3%)

Truncus arteriosus 9(1.0%)

Ebstein anomaly 8(0.9%)

Tricuspid atresia 4(0.5%)

CHD: congenital heart disease

3.3 Logistic regression analysis of factors related to fetal
congenital heart disease
Forward stepwise regression analysis has shown that there are several factors positively related to the
increased risk of fetal heart disease, namely gravidity (OR = 1.32, 95%CI 1.21–1.43, P = 0.000), upper
respiratory tract infection during early pregnancy (OR = 1.30, 95%CI 1.04–1.63, P = 0.021), mental stress
during early pregnancy (OR = 2.87, 95%CI 1.35–5.92, P = 0.006), single umbilical artery (OR = 2.46, 95%CI
1.24–4.85, P = 0.010), and spouse smoking (OR = 1.20, 95%CI 1.00-1.45, P = 0.048)(Table 3).
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Table 3
Logistic regression analysis of factors related to fetal congenital heart disease

Variables B SE Wald OR 95% CI P-
value

Lower Upper

Gravidity 0.274 0.043 40.164 1.315 1.208 1.432 0.000

Upper respiratory tract infection in
early pregnancy

0.263 0.114 5.342 1.301 1.041 1.626 0.021

Mental stress during early
pregnancy

1.039 0.377 7.604 2.827 1.351 5.918 0.006

Spouse smoking 0.186 0.094 3.905 1.204 1.002 1.447 0.048

Fetal single umbilical artery 0.898 0.347 6.684 2.455 1.243 4.851 0.010

Constant -0.411 0.326 1.586 0.663 - - 0.208

4 Discussions
This cross-sectional study analyzes factors related to fetal CHD based on our maternal-fetal database,
with 875 cases of CHD fetuses among 5024 subjects from May 2018 to September 2019. The results of
this research have revealed that there are several factors independently associated with an increased risk
of fetal CHD, including gravidity, upper respiratory tract infection during early pregnancy, mental stress
during early pregnancy, parental smoking, and fetal single umbilical artery. Among them, mental stress of
pregnant women during pregnancy is associated with higher risk of CHD, followed by fetal single
umbilical artery and gravidity.

Mental stress and upper respiratory tract infection during pregnancy are common maternal comorbidities
associated with fetal CHD, which has also been reported in previous studies. One of the studies was from
Shandong, China, which pointed out several environmental risk factors related to CHD, including maternal
upper respiratory tract infection (OR = 4.12) and maternal mental stress (OR = 3.93) during early
pregnancy, as well as number of previous pregnancies (OR = 2.68) [10]. In 2019, another study has
reported that these three factors can increase the risk of CHD by about 2 times using an arti�cial neural
network prediction model [11]. In other research on the association between mental stress and CHD, the
evaluation of mental stress is often based on several questions. However, the mental stress mentioned in
this study is only derived from the self-experience of the respondents in the questionnaire, so it is not
clear to de�ne the degree of mental stress experienced by pregnant women. Although the role of maternal
stress needs to be validated by additional studies, and the biological mechanisms by which maternal
stress causes CHD are not clear, we strongly suggest that psychological management for pregnant
women be strengthened, especially during early pregnancy. As for maternal viral infection, we �rst talk
about another study, which provide new enforced evidence that maternal upper respiratory tract
infection/in�uenza during early pregnancy, in general, play an important role in the occurrence of CHD
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[12]. In addition, there is a meta-analysis [13] of maternal viral infection and increased risk of fetal CHD,
which suggested that mothers who had a history of viral infection in early pregnancy had a signi�cantly
higher risk of having offspring with CHD (RR = 2.28), and this risk was more signi�cant in mothers with
rubella and cytomegalovirus. The effect of nonspeci�c maternal infection is di�cult to de�nitively
separate from the effects of medications used to treat the illness, including maternal fever and infection.
Jenkins et al reported an up to 1.9-fold increase in the risk of aggregate cardiac defects in patients with
maternal febrile illness and a 1.1-fold increase in the rate of any heart defects among subjects with
maternal in�uenza infection in early pregnancy[14]. The results of these studies are consistent with ours.
However, the viruses were not classi�ed in detail in our study.

Regarding the number of pregnancy related to the increased risk of fetal CHD, although the exact
mechanism is unknown, it might be related to spontaneous abortion. China has opened the second child
policy in 2016. Before that, multiparity has been limited. However, the causal relationship between
spontaneous abortion and CHD could not be inferred according to current knowledge, and these results
only indicate that a history of miscarriage is a predictor of having an infant born with CHD or an
increased risk of tetralogy of Fallot [15]. In any case, these �ndings suggest that the management of
obstetric healthcare and counseling for women with a history of miscarriages should be strengthened to
reduce the incidence of CHD.

The correlation between paternal smoking and congenital cardiovascular defects has been studied, but
too little information is available to determine the associated risk. Of the many congenital defects
observed in a nursery, there was a signi�cantly higher incidence of cardiovascular system abnormalities
in the tobacco-exposed group [16]. A case-control study [17] suggested that there is an association
between periconceptional tobacco exposure and an increased risk of CHD during the neonatal period and
that there may be a dose effect; however, this needs to be con�rmed in a larger population. Unfortunately,
in our study, we were not able to verify this dose-effect relationship, although our results do suggest that
paternal smoking is a risk factor for CHD. The potential mechanisms underlying the teratogenicity
associated with periconceptional tobacco exposure remain unclear. One possible reason is that nicotine
and carbon monoxide damage placental functions, leading to fetal hypoxia [18, 19].

The association between maternal diabetes and an increased risk of CHD has been clearly described in
many studies [6, 20, 21]. However, no similar �nding was achieved in our research. This may be because
of selection bias in the population recruited in our center because many pregnant women with diabetes
are referred to our center from local hospitals for fetal echocardiography, and most of these fetuses are
normal, resulting in a nonrandomly selected population. This could further affect our conclusions.

With regard for fetal factors, we found that there was a correlation between single umbilical artery and
fetal CHD. Single umbilical artery is one of the most common human umbilical malformations, with an
incidence of 0.55–4.85% [22], while the proportion in our population is 1%. Previous studies have
demonstrated an increased prevalence of CHD in fetuses with an single umbilical artery in the presence
of additional risk factors for CHD[23, 24]. All these results have suggested the indication of fetal
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echocardiography for the fetuses with single umbilical artery. Compared with existing research, our
conclusions are consistent with it, but the sample size of our study is much larger than that of related
studies.

There are several advantages and limitations in this study. We analyzed factors related to fetal CHD for
the �rst time with such a complete and huge database in China. The large sample size makes the
conclusions of this study more stable and more convincing. We did consider as many factors as possible
with CHD. As is known to us that CHD is a multifactorial complex disease, but we have to admit that we
have not re�ned the assessment of the interactions between the various factors and also failed to take
into account all the factors that cause CHD. Another strength of the study is the fact that we examine
fetal CHD as opposed to only live births and thus would capture pregnancies who would go on to have
intrauterine demise or termination that would not be captured in a neonatal/live birth registry. We
acknowledge that although it was based on a large population, the data were mainly obtained from self-
reported questionnaires, and the accuracy of information collection is therefore a problem that needs to
be considered. Moreover, this is a cross-sectional study that demonstrates only the correlations between
these factors and fetal CHD but does not provide causal relationships. One additional limitation is that
our center is a referral center for fetal heart disease. The fetuses referred to our center come from all over
the country. Therefore, some of the patients coming to our center are pregnant women with known risk
factors or with a fetus previously found to have CHD at a local hospital, and this may have led to
selection bias in the population. In addition, fetal CHD was diagnosed by fetal echocardiography and we
didn't make postnatal veri�cation for every case. But our �ndings can be credible, because fetal
echocardiographic diagnoses were mostly consistent with autopsy �ndings in our center, which has
shown that fetal cardiovascular anomalies disclosed by FE were completely in line with autopsy �ndings
in nearly 99% of cases[9]. A �nal limitation may be that the relationships between genetic factors and
fetal CHD were not considered in this study, which is solely focused on clinical characteristics.
Considering the above factors, our �ndings should be interpreted cautiously and may not be
generalizable to all patients.

In conclusion, we have found that there were several factors independently associated with fetal CHD,
including gravidity, upper respiratory tract infection and mental stress during early pregnancy, parental
smoking and fetal single umbilical artery. Thus, the CHD risk can be alleviated by reducing the exposure
to environmental risk factors. Augmenting maternal mental healthcare, obtaining regular health
counseling and testing during pregnancy, preventing upper respiratory tract infections and mental stress,
offering health promotion and health education to women of childbearing age (especially those with less
formal education), and improving obstetric procedures and techniques may lower the occurrence of CHD.

Abbreviations
CHD: Congenital heart disease

AHA: American Heart Association
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RVOT: right ventricular out�ow tract
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