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Abstract 1 

Background: Trace elements status plays an important role in the health of pregnant women and 2 

in the healthy development of their offspring. Recent evidence showed that associate between 3 

trace element levels in mid-and late-pregnancy and congenital heart defects (CHDs) in offspring. 4 

The primary purpose of this study is to evaluate the associations between concentrations of 5 

copper (Cu), zinc (Zn), calcium (Ca), manganese (Mg), iron (Fe), lead (Pb) and cadmium (Cd) in 6 

maternal blood during early pregnancy and CHDs in offspring. 7 

Methods: This hospital-based, case–control study included 181 cases and 218 controls from 8 

Shaanxi, China. Eligible pregnant women underwent routine prenatal examinations in the hospital. 9 

Maternal elbow venous blood draws were performed during gestational weeks 11-14 and were 10 

used to detect the levels of Cu, Zn, Ca, Mg, Fe, Pb, and Cd by the atomic absorption method. 11 

Multivariable logistic regression was used to evaluate the associations of each of the seven 12 

elements with risk for overall CHDs and patent ductus arteriosus (PDA)/atrial septal defect 13 

(ASD)/ventricular septal defect (VSD) subtypes, adjusted for maternal age, parity, pregnancy 14 

complications, gestational age at birth weeks. We also conducted non-linear associations using 15 

restricted cubic spline models. 16 

Results: The median maternal blood levels of Zn, Fe, Pb and Cd of during early pregnancy in 17 

foetuses with the PDA/ASD/VSD subtypes were significantly different from those in the control 18 

group (all p < 0.001). The levels of Fe [OR, 3.684 (1.437); OR, 4.917 (1.786)] and Pb [OR, 1.026 19 

(0.009); OR, 1.027 (0.008)] and Cd [OR, 1.643 (0.468); OR, 1.855 (0.503)], were associated with 20 

an increased risk for PDA/ASD/VSD subtypes, and that of Zn [OR, 0.944 (0.017); OR, 21 
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0.947(0.015)] was associated with a decreased risk. We observed non-linear dose–response 1 

associations between the levels of Fe, Pb, and Zn and the risk of PDA/ASD/VSD subtypes. 2 

Conclusions: This exploratory study determined that the levels of Pb during early pregnancy are 3 

associated with overall CHDs as well as ASD/VSD/PDA subtypes, however high Pb and Cd was 4 

associate with high risk of ASD/VSD/PDA subtypes, further confirming that there was is a 5 

nonlinear correlation.  6 

Keywords: congenital heart defects; early pregnancy; trace elements; heavy metals; blood 7 

 8 

Introduction 9 

Congenital heart defects (CHDs) are the most universal group of birth defects, with 9 per 1000 10 

births globally [1]. Most studies have generally suggested that the aetiology of most CHDs may 11 

be associated with genetic and environmental factors [2-6]. CHDs pathology subtypes include 12 

atrial septal defects (ASDs), ventricular septal defects (VSDs), and patent ductus arteriosus 13 

(PDA) [1]. Two previous studies suggested that heavy metals and trace elements were associated 14 

with the risk for CHDs, namely, conotruncal defects, right ventricle outflow tract obstructions 15 

(RVOTO) and septal defects [7, 8]. In Northwest China, micronutrient deficiencies among 16 

pregnant women and heavy metal pollution are public health problems; however, the correlation 17 

between these elements and the occurrence of CHDs has not been elucidated.  18 

Trace elements play a critical role in pregnancy, and imbalances in elemental homeostasis and 19 

metabolism are important for pregnancy outcomes. A recent study conducted in Poland found that 20 

Mg deficiency in maternal serum increased the risk for CHDs between 27 and 42 weeks of 21 
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gestation [8]. Another study showed that the Fe status of mothers with offspring with CHDs was 1 

lower than that of their counterparts during pregnancy [9, 10]. A previous study found that higher 2 

levels of Cu in maternal hair grown during the second and third trimesters are associated with 3 

increased risks for conotruncal defects and left ventricular outflow tract obstruction (LVOTO) in 4 

offspring [10]. Significant evidence suggests that trace element levels among pregnant Chinese 5 

women in early pregnancy are higher than those in mid-late pregnancy [11]. Studies have shown 6 

that trace element status during early pregnancy may play a role in foetal malformation [12], 7 

which is associated with CHDs in the foetus [6, 13]. There have been few epidemiological studies 8 

on the associations between trace element levels in early pregnancy and the risk of the ASD, VSD 9 

and PDA subtypes of CHD in offspring. 10 

Maternal exposure to heavy metals during pregnancy is a potentially harmful risk factor for 11 

most CHD subtypes. It has been shown that maternal Pb exposure during gestational age between 12 

17 and 40 weeks may affect the cardiac development of offspring; furthermore, the occurrence of 13 

septal defects, truncal defects, right ventricular outflow tract obstruction (RVOTO), and left 14 

ventricular outflow tract obstruction (LVOTO) subtypes increased with Pb levels [7, 14]. The 15 

important findings were that the Pb and Cd exposure levels in early pregnancy were higher than 16 

those in the second and third trimesters [11]. Then, heavy metal exposure during early pregnancy 17 

contributes more to the occurrence of the major subtypes of CHDs. 18 

There are even some studies that assess the relation between the levels of trace elements in mid- 19 

and late pregnancy and CHDs. However, few studies have evaluated the correlation between trace 20 

element levels in early pregnancy and the occurrence of CHD and its subtypes. It is necessary to 21 
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analyse the relationship of these elements with CHD in Northwest China, where heavy metal 1 

pollution is serious and trace elements are relatively lacking. Therefore, the present study explored 2 

the levels of Cu, Zn, Ca, Mg, Fe, Pb, and Cd in maternal blood during early pregnancy and their 3 

association with the risk for the occurrence of the PDA/ASD/VSD subtypes among offspring in 4 

Northwest China. 5 

 6 

Methods 7 

Study design and participants 8 

We conducted a hospital-based case–control study in two tertiary comprehensive hospitals in 9 

Xi'an City, Shaanxi Province, China, from January 2016 to December 2018. These hospitals were 10 

accredited to perform birth defect diagnosis. Cases and controls were recruited among pregnant 11 

women who received routine antenatal examinations and delivered in the obstetric departments of 12 

these hospitals and who mostly reside in Shaanxi Province. To be eligible, the participants were 13 

required to undergo measurement of seven trace elements during gestational weeks 11-14. 14 

Pregnant women whose foetuses were diagnosed with isolated CHDs were recruited as the cases. 15 

Mothers whose foetuses had no diagnosed malformations were selected as controls. The foetuses 16 

in the case group were live births, stillbirths or pregnancy terminations, and the foetuses in the 17 

control group were live births. The exclusion criteria were as follows: mothers with diabetes, 18 

multiple gestations, cardiovascular disease, hypertension, deep venous thrombosis, thyroid 19 

diseases, nutritional deficiency diseases, or inherited diseases and foetuses with genetic disorders 20 

or chromosomal abnormalities. The controls were selected each month at each hospital, and the 21 
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ratio of the number of controls and cases included in the same month in these hospitals was 1:1. 1 

This study ultimately included 181 cases and 218 controls in the analysis (Fig.1). 2 

Ethics 3 

This study was approved by the Xi'an Jiao Tong University Health Science Center and was 4 

performed in accordance with the Helsinki Declaration. All mothers signed informed consent 5 

forms. 6 

Covariates 7 

Demographic characteristics of the mothers, history of pregnancy, history of the disease, 8 

congenital heart disease history, pregnancy complications, medication or multidimensional 9 

supplementation, and foetal diagnoses were obtained from the clinical cases. For neonates in our 10 

study, information including birth weight as well as maternal information including maternal age, 11 

parity, gravidity, gestational hypertension, gestational diabetes mellitus, and gestational age at 12 

delivery/pregnancy termination was gathered and recorded. 13 

Measurement of trace elements 14 

Fasting blood samples were collected from peripheral venous blood of the mothers during the 11th 15 

to 14th weeks of pregnancy. Sample collection from all the subjects was performed after 0.5 hours 16 

of rest in a sitting position. The blood sample was diluted by a factor of 1, after which the seven 17 

trace element concentrations were tested within 2 hours or the sample was refrigerated at 20 18 

degrees until detection. 19 
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Blood concentrations were assessed by the American Beckman DXi800 automatic 1 

immunoluminescence analyser and kit. Blood Cu, Zn, Ca, Mg, Fe, Pb, and Cd concentrations were 2 

measured by atomic absorption spectrometry (AAS). A BOHUI 5100 analyser was used to 3 

quantify blood Cu (μmol/L), Zn (μmol/L), Ca (mmol/L), Mg (mmol/L), and Fe (mmol/L) 4 

concentrations. A BOHUI 2100 analyser was used to quantify blood Pd (μg/L) and Cd (μg/L) 5 

concentrations. Measurement of serum folic acid was performed with the Beckman Coulter 6 

DXI800 automatic immunoluminescence analyser. All analyses of whole blood was performed in 7 

the Center for Clinical Laboratory at the hospital. The elements and their respective reference 8 

intervals that were assessed in the laboratory included Cu, Zn, Ca, Mg, Fe, Pb, and Cd. 9 

Statistical methods 10 

Continuous variables and categorical variables are presented as the mean ± SD and n (%), 11 

respectively. The concentration of trace elements was not normally distributed, so medians 12 

(interquartile ranges [IQRs] [25th to 75th percentiles]) were used for description. The Wilcoxon 13 

test or Pearson's chi-square test was used for statistical comparisons. A logistic regression model 14 

was used to investigate the association between the levels of each trace element and overall CHD 15 

or the PDA/ASD/VSD subtypes. Confounding factors, including maternal age, gravidity, parity, 16 

gestational hypertension, gestational diabetes, birth weight, and gestational age at birth, were 17 

adjusted for in the models. We examined the possibly nonlinear relations with restricted cubic 18 

splines. All statistical analyses were performed using Stata software (version 14.0; Stata Corp, 19 

College Station, Texas, USA). 20 
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To assess the stability of the results, we conducted a sensitivity analysis. First, we evaluated 1 

the impact of extreme values on the results by fitting a model with or without extreme outliers. 2 

In this study, the concentration of trace elements was included as a control variable in the 3 

regression model of sensitivity analysis, and the association between trace element concentration 4 

and risk of PDA/ASD/VSD subtypes was analysed. A two-sided test was used, and P < 0.05 was 5 

considered indicative of statistical significance. 6 

 7 

Results 8 

1. Major characteristics of study subjects 9 

The study sample characteristics are presented in Table 1. In total, 181 cases and 218 controls 10 

were enrolled in this study. Table 1 shows the sociodemographic characteristics of the cases and 11 

controls (variable definitions are presented in supplemental Table S1). The cases and controls 12 

showed no significant differences in maternal age, parity, gestational week at delivery, maternal 13 

gravidity, or gestational diabetes between the two groups (all P ≥ 0.05). However, differences 14 

were observed in gestational hypertension (P < 0.01). 15 

2. Trace element and heavy metal levels in maternal blood 16 

Table S2 shows the maternal blood concentrations of the seven trace elements for CHD cases and 17 

controls in early pregnancy. The median/mean concentrations for Ca, Mg, Fe, Pb, and Cd in cases 18 

were significantly higher than those in controls. No significant differences in the levels of Cu and 19 

Zn between controls and CHDs were observed. 20 
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The maternal blood element levels of the three major CHD subtypes (PDA/ASD/VSD) largely 1 

followed the same pattern as those of total CHDs, except that the median concentration of Ca in 2 

ASD/VSD cases was significantly higher than that in controls (Table 2). Combined defect cases 3 

were analysed, and the results showed that Mg, Fe, Pb, and Cd levels were higher in cases than in 4 

controls based on the small sample size (35 cases). 5 

3. Associations between levels of trace elements and risk for CHDs 6 

Table 3 shows that concentrations of Fe and Pb above the control levels were associated with an 7 

increased overall CHD risk, but that Ca and Zn levels were associated with a decreased overall 8 

CHD risk. There was no association between Cu and Mg concentrations and CHD risk. The 9 

element levels of the three major CHD subtypes largely followed the same pattern as those of total 10 

CHDs, except that the level of Cd increased the risk of PDA/ASD/VSD subtypes, but the Ca level 11 

in the PDA subtype was not significantly different. 12 

There were significant nonlinear associations of total CHDs with Pb in the restricted cubic spline 13 

analysis during early pregnancy. However, the nonlinear correlation of subtypes was slightly 14 

different from that of total CHDs: the PDA/ASD/VSD subtypes were associated with Pb and Cd 15 

levels in early pregnancy (Fig. 2).  16 

4. Sensitivity analyses 17 

In this study, we conducted a sensitivity analysis to test the robustness of the results. After the 18 

exclusion of 34 cases with abnormal levels of trace elements, the associations between trace 19 

elements and CHDs remained consistent in the sensitivity analysis (Supplemental Table S3). 20 
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Discussion 1 

In early pregnancy, the crucial duration of embryogenesis and development, trace element and 2 

heavy metal levels play an important role, particularly in the development of the cardiovascular 3 

system of the foetus. In this study, we observed an association between the level of seven trace 4 

elements in maternal blood during early pregnancy and the risk of CHDs, including the 5 

PDA/ASD/VSD subtypes. In addition, we evaluated the dose–response pattern of each of the 6 

seven elements with the development of CHDs and its most common subtypes using the restricted 7 

cubic spline model. Our results show that elevated concentrations of Fe and Pb in maternal blood 8 

during early pregnancy are associated with increased risks for the CHD and PDA/ASD/VSD 9 

subtypes, similar to that of total CHDs and that Ca as well as Zn levels have a significant 10 

correlation with the ASD/VSD subtypes only in multivariable logistic models. We also found a 11 

nonlinear dose–response association between the concentrations of Pb and Cd in early pregnancy 12 

and the risk of the PDA/ASD/VSD subtypes in offspring. 13 

Ca is a necessary element that is important for maternal health and normal foetal development 14 

during pregnancy [15, 16]. Low maternal Ca levels during pregnancy not only are concomitant 15 

with bone development of the foetus but also are related to poor pregnancy outcomes [17-19]. We 16 

found that lower concentrations of Ca in maternal blood during early pregnancy were related to an 17 

increased risk of the ASD/VSD subtypes but had little to do with the risk of the PDA subtype. 18 

Zhang et al and Liu et al reported that the level of Ca in the first trimester is lower than that in the 19 

third trimester, possibly because the foetal demand for Ca increases compared with that in early 20 

pregnancy [20, 21]. Growing evidence has shown that the prevalence of maternal Ca 21 
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supplementation before and during pregnancy in China is lower than that in developed countries 1 

[22-24]. Therefore, Ca sufficiency may reduce the CHD risk of the foetus 2 

at 11-14 weeks gestation. Additionally, our study identified a nonmonotonic association between 3 

CHDs, as well as the ASD/VSD subtypes, and Ca levels. Therefore, our results and the literature 4 

suggest that Ca supplementation in the first trimester is important and may reduce the risk of the 5 

ASD/VSD subtype of CHDs. 6 

Fe is an essential nutrient element for embryonic growth during pregnancy, and either a 7 

deficiency or an excess of Fe leads to adverse pregnancy outcomes in offspring [25-27]. Herein, 8 

our results showed that higher levels of Fe at 11-14 weeks of gestation were associated with an 9 

increased risk of CHDs in offspring. Liu et al. found that concentrations of blood Fe in early 10 

pregnancy were higher than those in mid-late pregnancy [11]. In the present study, we also found 11 

that maternal blood concentrations of Fe in the PDA/ASD/VSD subtype group were higher than 12 

those in the control group. Animal studies have shown that early pregnancy is a sensitive window 13 

for the influence of maternal Fe levels on embryonic cardiovascular development [28]. We 14 

suppose that higher maternal blood Fe levels could have been an influencing factor of foetal 15 

CHDs and PDA/ASD/VSD during the first trimester of pregnancy. Furthermore, we found a 16 

nonlinear association between CHDs, as well as PDA/ASD/VSD, and Fe levels, all showing an 17 

S-shape. PDA/ASD/VSD cause structural abnormalities in the atria, ventricles and aortic valves of 18 

the heart. This study not only examined the relationship between Fe levels and CHDs but also 19 

further analysed risk factors for the PDA/ASD/VSD subtypes. Therefore, an optimal Fe status of 20 
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the mother in the first trimester of pregnancy is critical for normal development of the embryonic 1 

heart.  2 

Cu and Mg are essential in several biological processes and are important for normal foetal 3 

development [29]. Furthermore, Cu and Mg deficiency in the second and third trimesters have been 4 

linked with birth defects in offspring [8, 30]. We identified a nonmonotonic association between 5 

CHDs and Cu/Mg levels during early pregnancy. Survey studies have shown that Cu levels were 6 

lower in the first trimester than in the second and third trimesters [11]. However, Mg levels were 7 

higher in the first trimester than in other trimesters [21]. Nevertheless, the results of this study did 8 

not detect obvious Cu or Mg deficiency in mothers who had offspring with CHDs or the 9 

PDA/ASD/VSD subtype. According to our results, recommended routine monitoring of Cu and 10 

Mg levels in early pregnancy and adjustment of diet structure are extremely important for normal 11 

foetal heart development. 12 

Zn is an important element for the development of the foetus and the health of pregnant women. 13 

The results from epidemiological studies showed that Zn deficiency in pregnancy was associated 14 

with the risk for neural tube defects in offspring [31]. Previous studies indicated that early 15 

pregnancy is a critical period for foetal cardiovascular development [5]. In the present study, 16 

compared with those of mothers with normal offspring, Zn levels during early pregnancy in the 17 

blood of mothers who had offspring with CHDs showed no significant differences. A case–control 18 

study demonstrated that Zn levels in maternal hair during pregnancy were not significantly 19 

different between CHD cases and normal controls [10]. However, a survey study suggested that 20 



13 

 

insufficient dietary Zn intake of mothers contributes to CHDs [32]. It is crucial to take in adequate 1 

Zn for foetal cardiovascular during early pregnancy. 2 

Pb is a developmental toxic metal in humans that readily crosses the placental barrier and 3 

affects the developing foetus in utero [33]. The results from studies have shown an association 4 

between high Pb levels during mid-late pregnancy and CHDs in the foetus [7, 14, 34]. Our results 5 

found that a high level of Pb in maternal blood during early pregnancy is related to CHDs in 6 

offspring, indicating that the probability of CHDs increases with increasing levels of Pb in 7 

maternal blood. Elevated levels of Pb in the mother during mid-late pregnancy were associated 8 

with some subtypes of CHDs in offspring, including septal defects, conotruncal defects, right 9 

ventricle outflow tract obstructions, and anomalous venous return [7, 14]. However, we observed 10 

that high levels of Pb in early pregnancy were harmful predictors of PDA, ASD, and VSD 11 

subtypes and risk with increasing Pb levels. A previous study showed the potential dose–response 12 

relationship between Pb and some subtypes of CHDs [7]. Furthermore, our study found a 13 

nonlinear association with maternal blood Pb in early pregnancy and CHDs in offspring. Similar 14 

associations were found for CHD subtypes, including PDA, ASD, and VSD. In light of these 15 

findings, limiting maternal Pb exposure is of great importance to normal foetal cardiovascular 16 

development in early pregnancy. 17 

Emerging evidence indicates that Cd exposure during pregnancy increases the risk of poor birth 18 

outcomes, including heart malformations [35-38]. Results from human studies have shown an 19 

association between high levels of Cd in mothers at 14-40 weeks gestation and the risk of CHDs 20 

in the offspring [36]. Herein, we demonstrated that elevated maternal blood Cd levels during early 21 

file:///D:/Program%20Files/Dict/8.10.3.0/resultui/html/index.html%23/javascript:;
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pregnancy increased the risk of CHDs in offspring. It has been shown that Cd exposure during the 1 

early development of embryos can induce heart development malformation by decreasing heart 2 

rates, when the affected developmental-related enzymes and genes are at lower concentrations 3 

[38]. Jin et al. [36] reported that mothers with the highest Cd levels during mid-late pregnancy had 4 

offspring who displayed an increased risk of the conotruncal defect subtype. Additionally, our 5 

data showed that maternal Cd exposure during early pregnancy was associated with the 6 

PDA/ASD/VSD subtypes in offspring. This evidence shows that maternal Cd exposure reaches 7 

a certain level in early pregnancy and may affect foetal heart development. 8 

Our results suggest that elevated levels of Fe, Pb and Cd in maternal blood during early 9 

pregnancy were associated with an increased risk of the PDA/ASD/VSD subtypes in offspring. 10 

We also observed a nonmonotonic relationship between the Pb and CHDs. Zn levels were 11 

associated with a decreased risk for the PDA/ASD/VSD subtypes in offspring, and Ca levels were 12 

associated only with increased risks. There was no significant correlation between Cu and Mg 13 

levels during early pregnancy with the risk of the three subtypes of CHDs. The present study 14 

suggests that optimal trace element levels and limited exposure to Pb and Cd in early pregnancy 15 

are important for offspring cardiac development. These findings can also be considered an 16 

observation indicator of foetal development of heart during pregnancy. 17 

Strengths and limitations 18 

Our study has several strengths. First, we used levels of trace elements in blood during early 19 

pregnancy as exposure markers to assess the risk for CHDs, which may better reflect the effects of 20 

the level on foetal heart development, which is close to embryogenesis development duration. 21 
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Second, we analysed the relationship between element levels and the prevalence of the 1 

ASD/VSD/PDA subtypes, which was different from that of total CHDs. Third, we were able to 2 

quantify the level of the elements and assess the risk of CHDs and the three most common 3 

subtypes with a restrictive cubic spline model, which reduces the potential for confounding. 4 

However, this study has some limitations. First, our sample size was relatively small, and there 5 

were limitations in representativeness. Furthermore, epidemiological studies with larger sample 6 

sizes are needed to further confirm these findings. Second, although potential confounders were 7 

controlled for, residual confounding did not capture data, leading to inadequate control. Finally, 8 

our analysis of CHD subtypes may be insufficient. 9 

Conclusions 10 

The results from this study show several associations between levels of trace elements during 11 

early gestation and CHDs as well as the PDA/ASD/VSD subtypes in offspring. The most notable 12 

ones were Zn, Ca, Fe, Pb and Cd. Specific level of Zn in maternal blood during early pregnancy 13 

can decreased risk of CHDs and the PDA/ASD/VSD subtypes in offspring. High Pb and Fe levels 14 

in maternal blood increase the risk of CHD and the PDA/ASD/VSD subtypes, and maternal 15 

exposure to Cd was associated with foetal PDA/ASD/VSD subtypes. Furthermore, the levels of Pb, 16 

Fe and Cd in maternal blood were nonmonotonically related to PDA/ASD/VSD subtypes. The 17 

results of the present study indicate that trace element levels in early pregnancy are related to 18 

foetal CHDs, particularly the PDA/ASD/VSD subtypes. The results of this study provide direction 19 

for further investigation and mechanistic underpinnings. 20 

 21 
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Figure legends 1 

Fig. 1. Flowchart of the inclusion and exclusion of participants in the study. 2 

Fig. 2. Restricted cubic spline predicting the odds of congenital heart defects and PDA/ASD/VSD 3 

subtypes in offspring associated with levels of Zn, Fe, Pb, and Cd during early pregnancy in a 4 

case–control study of congenital heart defects in The China Mother, 2016–2018 (n = 399). Note: 5 

Three knot positions at 10th, 50th and 90th percentiles of Zn, Fe, Pb, and Cd. Solid lines represent 6 

estimated odds ratios, and the dashed lines represent 95% confidence intervals. The model was 7 

adjusted for adjusted for maternal age, parity, pregnancy complications, gestational age at birth 8 

weeks, and birth weight. Abbreviations: Atrial septal defects (ASDs); cadmium (Cd); congenital 9 

heart defects (CHDs); confidence intervals (CI); iron (Fe); lead (Pb); patent ductus arteriosus 10 

(PDA); ventricular septal defects (VSDs); zinc (Zn). 11 



Figures

Figure 1

Flowchart of the inclusion and exclusion of participants in the study.



Figure 2

Restricted cubic spline predicting the odds of congenital heart defects and PDA/ASD/VSD subtypes in
offspring associated with levels of Zn, Fe, Pb, and Cd during early pregnancy in a case–control study of
congenital heart defects in The China Mother, 2016–2018 (n = 399). Note: Three knot positions at 10th,
50th and 90th percentiles of Zn, Fe, Pb, and Cd. Solid lines represent 

estimated odds ratios, and the dashed lines represent 95% con�dence intervals. The model was adjusted
for adjusted for maternal age, parity, pregnancy complications, gestational age at birth weeks, and birth
weight. Abbreviations: Atrial septal defects (ASDs); cadmium (Cd); congenital 

heart defects (CHDs); con�dence intervals (CI); iron (Fe); lead (Pb); patent ductus arteriosus (PDA);
ventricular septal defects (VSDs); zinc (Zn)
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